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On behalf of the Joint Pathology Center, I would like to extend our sincere thanks to 
all the contributors who submitted cases to the 2024-2025 Wednesday Slide 
Conference. We reviewed many excellent cases in conference this year and we were 
pleased to highlight submissions from Asia, Oceania, Europe, South America, and 
North America. Veterinary pathology truly is a global discipline. 

 
Throughout this conference year, the following veterinary pathologists shared their 
time and expertise by moderating for Wednesday Slide Conference: Jeremy Bearss, 
Bruce Williams, Daniel Bland, Janice Gray, Michael Eckhaus, Taryn Donovan, Kelsey 
Fiddes, Rebecca Smedley, John Cullen, Corrie Brown, Charles Bradley, Elise 
LaDouceur, Anna Travis, Tony Alves, Sherri Daye, Tom Cecere, Maggie Highland, 
Lauren Peiffer, Erica Barkei, Karen Terio, Enrico Radaelli,  Patricia Pesavento, 
Francisco Uzal, Brian Murphy, and Jey Koehler. We thank them for taking time out 
of their busy schedules to join us in discussions that were informative and often 
highly entertaining! 

 
The success of this conference owes much to the hard work of our civilian staff 
behind the scenes. I would like to personally thank Dr. Bruce Williams for his 
steadfast support of the WSC program and website troubleshooting; Ms. Rachel 
Terry for her help in compiling and distributing conference results; Ms. Kenenya 
Gathers for accessioning and organizing cases; and Ms. Stacey Tamer for providing 
special and immunohistochemical stain support. 
 
I have sought to present each contributor’s case with minimal edits for clarity and 
organization of content, to include the many wonderful images and tables submitted. 
For JPC comments, I focused heavily on slide features and interpretation as well as 
adding recent literature of interest. I hope you will find these useful. Some of the 
most interesting cases of these conferences were where we differed in interpretation 
from the contributor – these discussions are well worth a glance for the learning 
issues they raise. 

 
Finally, I would also like to thank my wife Yuki Nishida for her patience and 
support during the past year (and for her insights on tanuki nomenclature – see 
Case 2, Conference 17). To all of my fellow residents, thank you for your 
enthusiasm and ideas in exploring these cases together this past year. 

 
 

James Gaffney, DVM 
2024-2025 WSC Coordinator 
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Case Species Tissue Lesion/condition Page 

Conference 1 - August 14, 2024 

1 Horse (foal) Liver Equine herpesvirus-1 hepatitis  

2 Horse Haired skin Dermatophytic mycetoma  

3 Horse Guttural pouch Guttural pouch mycosis  

4 Horse Nasal vestibule Nasal amyloidosis  

Conference 2 - August 21, 2024 

1 Cat (adult) Intestine GI lymphoma (EATL)  

2 Dog Cranial 
mediastinal mass Branchial cyst carcinoma  

3 Cat (juvenile) Lymph node, 
spleen, liver 

FALPS (Feline Autoimmune 
Lymphoproliferative Syndrome) 

 

4 Cat Intestine Sclerosing encapsulating peritonitis  

Conference 3 - August 28, 2024 

 
1 

Guinea pig Heart Rhabdomyomatosis (glycogenosis)  

2 Minipig Kidney Thrombocytopenic purpura syndrome  

3 Rhesus macaque Heart Chagas disease (T. cruzi)  

4 Rhesus macaque 
Mouth (hard 

palate) Amelanotic oral melanoma  

Conference 4 - September 4, 2024 

1 Pig Haired skin Greasy pig disease  

2 File-eared tree frog Eye Lipid keratopathy  

3 Dog Brain Canine adenovirus-1 brainstem 
vasculitis 

 

4 Crested gecko Liver Verminous hepatitis (Strongyloides)  

Conference 5 - September 11, 2024 
1 Common woolly monkey Testis, intestine Polyarteritis nodosa  

 
2 Common marmoset Kidney Nephroblastoma  

3 Brahman heifer Skeletal muscle Monensin toxicity  

4 Rhesus macaque Brain SV40 leukoencephalomalacia and 
meningioangiomatosis 

 

Conference 6 - September 18, 2024 

1 Rat Kidney, adrenal 
gland 

Hematopoietic sarcoma  002



   Case Species Tissue Lesion/condition Page 

2 Mouse Abdominal mass 
(seminal vesicle) Teratoma  

3 Rhesus macaque Ovary, uterus, 
vertebral body 

Metastatic adenocarcinoma  

4 African green monkey Brain Granulomatous encephalitis 
(Schistosoma) 

 

Conference 7 - October 2, 2024 

1 Dog Lung Pulmonary adenocarcinoma  

2 Dog Lung 
Bronchointerstitial pneumonia 

(Distemper, Toxoplasma) 
 

3 Dog Heart Atherosclerosis, myocardial fibrosis  

4 Domestic shorthair cat Lung Plexiform arteriopathy, interstitial 
pneumonia (FIP) 

 

Conference 8 - October 9, 2024 

1 Dog Haired skin Ischemic dermatopathy  

2 Dog Haired skin Demodicosis and dermal mucinosis  

3 Icelandic pony Preputial skin Equine sarcoidosis  

 
4 

Mouse Haired skin Ulcerative dermatitis (primary 
follicular dystrophy)  

Conference 9 – October 16, 2024 

1 Colobus monkey Liver, lung Necrotizing hepatitis and pneumonia 
(Entamoeba) 

 

2 Dog Lung Fibrinous and organizing pneumonia 
and heart failure 

 

3 Drill Eye Hydatid cyst  

4 Rhesus macaque Uterus Endometritis  

Conference 10 – October 23, 2024 

1 Sheep Liver 
Hepatocellular carcinoma (clear cell 

variant)  

2 Dog Testis Mixed germ cell tumor  

3 Dog Adrenal gland 
Phaeochromocytoma and 
adrenal cortical adenoma 

 

4 Dog Spleen, liver 
Poorly melanized malignant 

melanoma  

Conference 11 – October 30, 2024 
1 Dog Heart Hepatozoon myocarditis  

 
2 Dog Esophagus Oomycete esophagitis and 

pyogranulomas  

3 Mouse Lung Chlamydia muridarum pneumonia  
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Case Species Tissue Lesion/condition Page 

4 Dog Brain Granulomatous meningoencephalitis 
(Coccidiomycosis) 

 

Conference 12 – November 6, 2025 
1 American shorthair cat Liver Ductal plate malformation  

2 European shorthair cat Liver 
Chronic sinusoidal outflow 

disruption  

3 Texel sheep Liver, kidney Copper toxicity  

4 Nevisian donkey Liver Cholangiocellular carcinoma  

Conference 13 - December 4, 2024 

1 Lion Oral cavity Squamous cell carcinoma  

2 Sprague-Dawley rat Sternum Myeloid leukemia  

3 Giant Pacific octopus Renal appendage Nephritis and dicyemids 
(endosymbiont) 

 

4 Dog Ovary 
Ovarian adenoma, dysgerminoma,  
granulosa cell tumor, and ovarian 

cysts 
 

Conference 14 – December 11, 2024 
1 Limousine bull Esophagus Epiglottitis (Besnoitia)  

2 Oberhasli goat Brain Cache Valley virus  

3 Pig Lung HPAI pneumonia (experimental)  

4 Brangus calf Lung Salmonella Dublin pneumonia  

Conference 15 - January 8, 2025 

1 White Leghorn chicken Head (entire) Infectious coryza (Avibacterium 
paragallinarum)  

2 Swiss Large White pig Rib PCV-3 associated bone fracture  

3 Pig Intestine Intestinal salmonellosis  

4 Domestic white turkey Gastrocnemius Turkey arthritis reovirus  

Conference 16 - January 15, 2025 

1 Collared finchbill Brain Cerebral clostridiosis  

 
2 Texel lamb     Esophagus Bluetongue virus  

3 Dog Stomach Fungal gastritis (Scedosporium)  

 
4     Sheep Intestine (cecum) Johne's Disease  

Conference 17 – January 22, 2025 

1 Rhesus macaque Liver 
Enterocytozoon 

cholangiohepatitis and M. avium 
hepatitis 
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Case Species Tissue Lesion/condition Page 

2 Ezo (Hokkaido) raccoon dog Eye HPAI conjunctivitis  

3 Angus heifer Skin Bovine herpesvirus-2 
dermatitis (pseudolumpy skin 

disease) 
 

4 C.B-17 scid mouse Hind limb 
Borrelia tenosynovitis 

(experimental)  

Conference 18 – January 29, 2025 

1 Rock dove Cloaca 
Toxoplasmosis and circovirus 

(cloacitis and lymphoid 
depletion) 

 

2 Cockatiel Bone Mycobacterial osteomyelitis  

3 Elegant crested tinamou Ventriculus Ventricular amyloidosis 
Macrorhabdus ventriculitis 

 

4 Blue-fronted Amazon parrot Bone / Spinal cord Aspergillus osteitis and 
meningomyelitis 

 

Conference 19 – February 5, 2025 

1 Green anaconda Lung Ophidiomyces pneumonia  

2 Bearded dragon Stomach Neuroendocrine carcinoma  

3 Great blue heron Ventriculus, 
proventriculus 

Eustrongylides and Tetrameres 
(serositis and glandular ectasia) 

 

4 Budgerigar Kidney Renal adenocarcinoma  
Conference 20 – February 12, 2025 

1 Cherry shrimp Whole body Cladogoniasis  

2 Betta fish Whole body Mycobacteriosis, trematodes, and 
xenomas 

 

3 Cockatiel Spinal cord Lafora disease  

4 Humpback whale Brain Cetacean morbillivirus  

Conference 21 – March 26, 2025 

1 Sprague-Dawley rat Kidney Pyelonephritis and chronic 
progressive nephropathy 

 

2 Sprague-Dawley rat Ear/skin Zymbal's gland tumor  

3 Standard fancy rat Lung Mycoplasmal pneumonia  

4 NSG experimental mouse Lung, esophagus Graft vs host disease  

Conference 22 – April 2, 2025 

1 Lowland sheep Placenta Listerial placentitis  
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Case Species Tissue Lesion/condition Page 

2 Texel lamb Liver Leptospirosis  

3 Merino cross sheep Kidney Oxalate nephrosis  

4 Toggenburg goat Brain, Lung Caprine arthritis encephalitis virus  

Conference 23 – April 19, 2025 

1 White-faced saki monkey Tibia Fibrous osteodystrophy  

2 European shorthair cat Bone (humerus) Simple bone cyst (pseudocyst)  

3 Domestic rabbit Oral cavity Ameloblastoma  

4 Giant schnauzer dog Maxilla 
Oral papillary squamous cell 

carcinoma  

Conference 24 – April 24, 2025 

1 Commercial crossbred pig Heart Encephalomyocarditis virus 
pancarditis 

 

2 Standardbred horse Liver, Kidney Equine viral arteritis pneumonia  

3 Bulldog Lung Canine herpesvirus-1 hepatitis and 
nephritis 

 

4 Angus calf Brain Bovine herpesvirus-5 
meningoencephalitis  

Conference 25 – April 28, 2025 

1 Jersey cow Brain Naegleria fowleri 
meningoencephalitis  

2 Sitatunga Brain 
Parelaphostrongylus tenuis 

meningoencephalitis 
 

3 Domestic shorthair cat Brain Feline hippocampal and piriform 
necrosis 

 

4 North American beaver Brain Baylisascaris meningoencephalitis  
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Joint Pathology Center 
Veterinary Pathology Services 

 

                  WEDNESDAY SLIDE  
                 CONFERENCE 2024-2025  

 
Conference #1                             14 August 2024 

 
CASE I:   
 
Signalment:  
Aborted thoroughbred equine foetus (Equus 
caballus). 
 
History:  
A late gestation aborted thoroughbred foetus 
was submitted for postmortem examination. 
No placenta was submitted. According to the 
submitted clinical history, the mare had been 
vaccinated for equine herpesvirus and had no 
history of previous abortions.  
 
Gross Pathology:  
The equine foetus was presented dead, in a fair 
state of preservation. Fetal weight was 40 kg 
and body length 110 cm (estimated gestational 
age between 300 and 330 days). No placenta 
was available for examination. There were no 
gross lesions on external examination. Exam-
ination of the thoracic cavity revealed dif-
fusely firm and rubbery lung lobes (non-aer-
ated). No other lesions present.  
 
Microscopic Description:  
Liver: Within the hepatic parenchyma are 
multifocal, random areas of hepatocellular ne-
crosis characterised by sinusoidal disruption, 
accumulation of karyorrhectic cellular debris, 
hepatocyte hypereosinophilia, cellular swell-
ing, nuclear pyknosis and rare mixed inflam-
matory cells. Hepatocytes in adjacent areas 
frequently contain 2-4 um, pale eosinophilic 
intranuclear inclusions that displace the nu-
clear chromatin to the periphery.  

 
Figure 1-1. Liver, foal. One section of liver is 
submitted for examination. (HE, 5X) 

 
Hepatic sinusoids are mildly congested. Peri-
portal areas are moderately expanded by oe-
dema and moderate numbers of lymphocytes, 
plasma cells and macrophages. Occasionally, 
small to medium calibre blood vessel walls are 
expanded by oedema, and necrosis of endothe-
lial cells, characterised by pyknosis, cellular 
swelling, karyorrhexis and karyolysis. 
 
Contributor’s Morphologic Diagnosis:  
Liver: Hepatocellular necrosis, acute, multifo-
cal, random, with hepatocellular intranuclear 
inclusion bodies.  
 
Contributor’s Comment: 
Equine herpesvirus type-1 (EHV-1) and eq-
uine herpesvirus type-4 (EHV-4) are im-
portant ubiquitous pathogens of all breeds of 
horses and other equids worldwide. In general, 
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EHV-1 strains are associated with respiratory 
disease, abortion, and paresis/paralysis, 
whereas EHV-4 strains are predominantly as-
sociated with respiratory disease.2-4 In New 
Zealand, and similar to the rest of the world, 
most cases of equine herpesviral abortions are 
due to EHV-1. Equine herpesvirus type-1 
(EHV-1) is a large, enveloped, DNA virus that 
is classified within the family Alphaherpes-
viridae in the order Herpesvirales. The virus 
is spread via multiple routes, including fom-
ites, fetuses and placentas from EHV-1 in-
duced abortions, and particularly by horse-
horse contact and contamination. Horses shed 
EHV-1 in their respiratory secretions for up to 
three weeks post-infection.3 Once infection is 
established, subclinical latency in the trigemi-
nal ganglion occurs, and helps viral transmis-
sion between horses, which may or may not be 
associated with signs of illness.3,5  
 
In clinically ill animals, following exposure, 
the virus replicates in a restricted plaque wise 
manner in the epithelial cells lining the upper 
respiratory tract,5,6 including the pharynx, na-
sal turbinates, soft palate, and tracheal epithe-
lium.4 Entrance into epithelial cells is estab-
lished either via direct fusion with the plasma 
membrane, or by endocytosis and fusion with 
an endosomal membrane.3 After infecting the 
respiratory tract, the virus crosses the base-
ment membrane via infected leukocytes 
(CD172+ cells and T/B lymphocytes).5 Once 
through the basement membrane, these in-
fected leukocytes, penetrate connective tis-
sues and enter the bloodstream and draining 
lymph nodes within 24-48 hours post infec-
tion.4,6 Thus, viraemia via infected leukocytes 
disseminates the virus around the body, result-
ing in pyrexia and lymphadenomegaly.5 Once 
in the circulation, EHV-1 can travel around 
the body and establish infection in target or-
gans, including the pregnant uterus or the cen-
tral nervous system.3,5 This is established via 
strong adherence of EHV-1 infected leuko-
cytes to endothelial cells, which subsequently 

results in an inflammatory environment that 
recruits additional monocytes to the endothe-
lium.5 The resulting inflammatory cascade 
may promote further endothelial cell infec-
tion, via increased expression of adhesion 
molecules (selectins secondary to release of 
IL-2 and TNF-alpha) on endothelial cells and 
stronger adherence of infected leukocytes.7 
After adherence, the virus replicates in the en-
dothelial cells of the uterus, allantochorion, 
and umbilical vein.8 The resulting vasculitis 
and thrombosis, damages the placenta and dis-
rupts blood supply, leading to abortion6. This 
has been demonstrated in experimentally in-
fected animals, where a lymphocytic vascu-
litis, focal thrombosis, and infarction of the 
microcotyledons results in abortion.8 Abortion 
typically occurs, after 2-12 weeks in late ges-
tation, and the incubation period varies widely 
from 9-120 days. 4,8 Interestingly, most cases 
result in no obvious uterine lesions, however 
in the presented case a severe metritis was di-
agnosed in the mare. However, it has been re-
ported that there are no long term effects on 
reproductive performance in affected mares.2 
 
As previously mentioned, viral latency can 
also develop, this occurs after replication in 
the respiratory epithelium. The virus enters 
nerve endings of the peripheral nervous sys-
tem, including the trigeminal ganglia, and 
sympathetic and parasympathetic neurons that 
innervate the respiratory epithelium.5 Here it 
travels via retrograde transport to the sensory 
and autonomic peripheral ganglia.5 Along 
with this, it has been demonstrated to establish 
latency in the circulating T lymphocytes. Un-
der stress, reactivation of EHV-1 replication 
occurs and particles spread from these in-
fected T lymphocytes or trigeminal neurons 
through anterograde transport to the respira-
tory epithelium.5  
 
Gross foetal lesions described in the literature 
include icterus, splenomegaly, perirenal oe-
dema, pulmonary oedema or haemorrhage,  
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and pale miliary foci on the surface of the 
liver.8,9 In the present case, no gross lesions 
were present in the foetus, and a definitive 
cause for the abortion was not established dur-
ing gross postmortem examination.  
 
Confirmation of EHV-1 infection can be done 
via a number of ways, including immunohisto-
chemistry of frozen or paraffin embedded tis-
sues, and PCR for direct and rapid detection in 
frozen or paraffin embedded tissues.8 Addi-
tionally, histological lesions, if present, can be 
used to support a diagnosis of EHV-1. Respir-
atory lesions include uniform pulmonary in-
terlobular septal oedema and infiltration with 
mononuclear inflammatory cells, with fibrin-
ous alveolar exudation and necrosis of bron-
chial and alveolar epithelial cells.7 Hepatic le-
sions are not as common, but include focal ne-
crosis, oedema, and leukocytes in the necrotic 
foci and portal triads. The acidophilic inclu-
sion bodies in the nuclei of hepatic parenchy-
mal cells surrounding these necrotic foci are 
specific for EHV.6,7  

 
Preventative measures include management 
strategies and vaccination of breeding mares. 
Separating animals into groups or maintaining  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a closed herd can be an effective strategy. 
Quarantine of any new arrivals onto the farm 
for a minimum of 30 days is also highly rec-
ommended4 as is investigation into the horses 
vaccination status, health certificate and nega-
tive tests results. All equipment used for new 
arrivals should be separate or disinfected and 
cleaned thoroughly if shared around the prop-
erty.4 Any personal involved in handling said 
animals, should also clean their bodies, boots 
and clothing thoroughly before handling other 
animals. Vaccines currently used include, in-
ert or live vaccines. Current guidelines are to 
vaccinate foals over 3-5 months of age, with a 
booster within 4-6 weeks, along with vaccina-
tion every 3-6 months to enhance immunity.4 
Pregnant mares should also be vaccinated at 
the fifth, seventh, and ninth months of preg-
nancy.4  
 
Contributing Institution:  
Massey University  
School of Veterinary Science  
Private Bag 11 222  
Palmerston North 4442  
New Zealand 
 

Figure 1-2. Liver, foal  Areas of coagulative necrosis are scattered throughout the section. (HE, 144X) 
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JPC Diagnosis: 
Liver: Hepatitis, necrotizing, subacute, multi-
focal, random, moderate, with hetpacellular 
intranuclear viral inclusions.  
 
JPC Comment:   
This week’s session was led by Colonel Sherri 
Daye, Director of JPC Veterinary Pathology 
(and all-around equine enthusiast). The cases 
for the first conference of WSC 2024-2025 
were entirely an ‘equine affaire’ with 4 classic 
entities that have been seen in the conference 
before. This first particular case is diagnosti-
cally rewarding with multifocal, random areas 
of necrosis within the liver that provide a solid 
hint at the underlying pathogenesis. Likewise, 
intranuclear viral inclusions within hepato-
cytes are characteristic (figure 1-3) and help 
refine differentials for this case. Conference 
participants remarked at the distribution of ne-
crosis in this case – there was a brief discus-
sion of whether coagulative necrosis second-
ary to viral ischemic effects was a significant 
feature of this case. Ultimately, the group felt 
that endothelial cells lacked obvious viral in-
clusions and that the lesions were not predom-
inately vasocentric and lacked significant                                 
thrombi. Additionally, the group slightly dif-

fered from the con-
tributor in chronicity, 
noting that most cases 
of abortion take an ex-
tended period of time 
to develop given the 
cell-to-cell spread of 

alphaherpesviruses.1 
Moreover, a similar 
case of EHV in a neo-
natal horse was re-
viewed in a previous 
WSC (Conference 7, 
Case 3, 2015-2016) 
with extensive regions 
of hemorrhage and 
lytic necrosis within 

the lung, liver, and adrenal gland that reflects 
the expected distribution of lesions in animals 
that may be infected late in term and/or sur-
vive to parturition with EHV. Absent confir-
mation of the diagnosis via PCR and/or IHC 
of tissue in this case, we are left to favor EHV-
1 over EHV-4. 
 
The case contributor provides a nice overview 
of equine herpesviruses with emphasis on 
their role in equine abortion. Prevention of 
EHV-associated disease remains paramount; 
current consensus recommendations were re-
cently updated by the ACVIM6 and include 
vaccination in conjunction with a robust bi-
osecurity program. To date, vaccination alone 
is not sufficient to prevent spread of EHV nor 
does it ameliorate clinical signs in sick horses. 
That stated, the ability of vaccines to prevent 
the development of viremia, at least in some 
animals, can serve to avoid devastating se-
qualae such as abortion or myeloencephalopa-
thy.6 

 
There are a number of other potential causes 
for abortion and stillbirth in foals. Bacterial 
causes include beta-hemolytic streptococci, E. 
coli, Pseudomonas aeruginosa, Staphylococ-

Figure 1-3. Liver, foal. At the edges of areas of necrosis, hepatocellular 
nuclei contain prominent viral inclusions. (HE, 400X) (Photo courtesy of: 
Massey University, School of Veterinary Science, Palmerston North 4442, 
New Zealand) 
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cus aureus, Klebsiella pneumoniae, and Ac-
tinobacillus equuli among others.1, 7 Infection 
may occur as a consequence of mare bactere-
mia or, more commonly, via ascending infec-
tion through the cervix. Fungal causes are typ-
ically attributed to Aspergillus spp., though 
other organisms may occasionally be iso-
lated.1,7 Rarely, equine viral arteritis has been 
isolated in abortion cases.1,7 Non-infectious 
causes such as umbilical cord torsion and con-
genital malformation also remain common. 
Definitive cause of abortion and stillbirths re-
mains elusive in many cases with only 29.2% 
of all submissions to a California diagnostic 
lab having a certain etiology identified.1 

 
Finally, EHV-1 and EHV-4 should be distin-
guished from EHV-2 and EHV-5 which are 
both gamma herpesviruses that do not cause 
abortion, but are isolated both from healthy 
horses and those with equine multinodular 
pulmonary fibrosis (EMPF; EHV-5) and res-
piratory illness (EHV-2). There are multiple 
examples of EHV-5 in previous WSC pro-
ceedings. EHV-3 is associated with equine co-
ital exanthema, and rarely, subclinical respira-
tory infections in yearling horses.7 
 
References: 
1. Cantón GJ, Navarro MA, Asin J, et al. Eq-

uine abortion and stillbirth in California: a 
review of 1,774 cases received at a diag-
nostic laboratory, 1990-2022. J Vet Diagn 
Invest. 2023 Mar;35(2):153-162. 

2. Dunowska M. A review of equid herpes-
virus 1 for the veterinary practitioner. Part 
A: clinical presentation, diagnosis, and 
treatment. New Zeal Vet J. 2014;62: 171-
178. 

3. Dunowska M. A review of equid herpes-
virus 1 for the veterinary practitioner. Part 
B: pathogenesis and epidemiology. New 
Zeal Vet J. 2014;62: 179-188. 

4. Khusro A, Aarti C, Rivas-Caceres RR, 
Barbabosa-Pliego A. Equine herpesvirus-
1 infection in horses: Recent updates on its 

pathogenicity, vaccination, and preventive 
management strategies. J Equine Vet Sci. 
2020;87: 102923. 

5. Laval K, Poelaert KCK, Van Cleemput J, 
et al. The pathogenesis and immune eva-
sive mechanisms of equine herpesvirus 
type 1. Front Microbiol. 2021;12: 662686. 

6. Lunn DP, Burgess BA, Dorman DC, et al. 
Updated ACVIM consensus statement on 
equine herpesvirus-1. J Vet Intern Med. 
2024 May-Jun;38(3):1290-1299. 

7. Schlafer DH, Foster RA. Chapter 4: Fe-
male genital system. ln: Maxie MG ed. 
Jubb, Kennedy, and Palmer’s Pathology 
of Domestic Animals. Vol 3. 6th ed. Mis-
souri, USA: Elsevier; 2016:358-464. 

8. Smith KC. Herpesviral abortion in domes-
tic animals. Vet J. 1997;153: 253-268. 

9. Smith KC, Blunden AS, Whitewell KE, 
Dunn KA, Wales AD. A survey of equine 
abortion, stillbirth and neonatal death in 
the UK from 1988 to 1997. Equine Vet. J. 
2003;35: 496-501. 

10. Van Maanen C. Equine herpes virus 1 and 
4 infections: an update. Vet Q. 2002;24: 
57-78. 
 

CASE II:  
 
Signalment:  
8-year-old, male castrated, Arabian horse 
(Equus ferus caballus). 
 
History:  
This is a mass surgically removed from the left 
thorax. 
 
Gross Pathology:  
N/A 
 
Microscopic Description: 
Subcutis (mass from the left thorax): Expand-
ing the deep dermis and extending to the sub-
cutis are numerous multifocal to coalescing 
pyogranulomas. The pyogranulomas are com 
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Figure 2-1. Panniculus and subcutis, horse. 
The subcutis is effaced by an inflammatory 
nodule which extends into the underlying 
skeletal muscle.  (HE, 5X) 

 
posed of intact and necrotic neutrophils sur-
rounded by epithelioid macrophages, occa-
sional multinucleated giant cells with up to 20 
nuclei, fewer lymphocytes and plasma cells. 
In the center of the pyogranulomas are irregu-
lar pools of lightly eosinophilic amorphous 
material forming grain or granular structures 
measuring up to 500 um that contain countless 
tight clusters of polymorphic, refractile, fun-
gal hyphae with frequent bulbous dilations. 
Surrounding the pyogranulomas are variably 
thick bands composed of fibroblasts and col-
lagen (fibrosis). Multifocally, the surrounding 
dermis and subcutis are infiltrated by moder-
ate numbers of lymphocytes and plasma cells, 
and rare macrophages and neutrophils. 
 
PAS and GMS stains highlight the approxi-
mate 2-5 um, polymorphic, fungal hyphae 
with frequent and bulbous dilatations up to 30 
um, consistent with dermatophytic pseudomy-
cetoma. 
 
Contributor’s Morphologic Diagnosis: 
Subcutis (mass from the left thorax): Multifo-
cal to coalescing, marked, chronic, pyogranu-
lomas with numerous intralesional fungal hy-
phae (pseudomycetoma). 
 
 

Contributor’s Comment:  
A pseudomycetoma represents a subcutaneous 
infection with either bacteria or dermato-
phytes present in the tissue as granules or 
grains.7 Dermatophytic pseudomycetoma in 
horses is a rare form of dermatophytosis with 
colonization beyond the superficial layers of 
the skin to the live tissues of the deep dermis 
and subcutis.  The lesions are thought to form 
following the rupture of an infected hair folli-
cle that results in a granulomatous or pyogran-
ulomatous reaction around the dermatophyte 
hyphae.8  
 
The most common cause of dermatophytosis 
in horses is Trichophyton equinum, with less 
frequent infection by T. mentagrophytes, T. 
verrucosum, Microsporum equinum, and M. 
gypseum.10 Dermatophytosis is a common and 
contagious fungal infection of equine skin af-
fecting horses of all ages, and young animals 
in crowded environments, and those in hot and 
humid climates may be over represented.9,10 
Infection rarely invades beyond the superficial 
layers of the skin in healthy animals.9 Alt-
hough the health status of this horse is un-
known, it can be speculated that an immuno-
compromised state may have predisposed it to 
the deeper infection and subsequent psudeo-
mycetoma formation. Pseudomycetomas, 
while rare, are documented in other domestic  
 

 
Figure 2-2. Panniculus and subcutis, horse:  
The nodule is composed of coalescing 
pyogranulomas centered on aggregates of 
poorly staining fungal hyphae. (HE, 86X) 
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pecies, with a predisposition for Persian cats 
and Yorkshire terriers with Microsporum ca-
nis as the most common etiologic agent.8 
Given the predominance in Persian cats over 
other domestic feline species, a genetic deficit 
in immunity has been a proposed cause.6 

 
With standard hematoxylin and eosin staining, 
grain or granule-like structures composed of 
fungal hyphae that are embedded in an amor-
phous eosinophilic matrix presumed to be an-
tigen-antibody complexes5 are seen to be sur-
rounded by granulomatous or pyogranuloma-
tous inflammation with multinucleate giant 
cells, and variable lymphoplasmacytic inflam-
mation that are separated by varying degrees 
of fibrosis. Differential diagnoses include 
causes of true mycetomas including actinomy-
cetes (actinomycetoma) or fungi (eumyoctic 
mycetoma).2   
 
Contributing Institution:  
University of Illinois at Urbana-Champaign, 
Veterinary Diagnostic Laboratory 
 
http://vetmed.illinois.edu/vet-resources/veter-
inary-diagnostic-laboratory/ 
 

JPC Diagnosis: 
Panniculus and un-
derlying skeletal 
muscle: Pyogranulo-
mas, multiple with 
numerous fungal hy-
phae, Splendore-
Hoeppli material, 
and marked pannicu-
lar fibrosis.  
 
JPC Comment:  
This second case is 
striking from sub-
gross, with identifi-
cation of the lesion 
distribution hardly a 
diagnostic quandary 
(Figure 2-1). Alt-

hough special stains were not necessary to ar-
rive at the diagnosis for this case, we found 
that the methenamine silver (GMS) and peri-
odic acid-Schiff (PAS) stains highlighted fun-
gal elements nicely (Figure 2-4, Figure 2-5). 
Significant features include the presence of 
septate hyphae, chain-like pseudohyphae, and 
large (12um) pseudogranules.10 Conference 
participants remarked that the H&E features 
were convincing for a fungal etiology, but ex-
act speciation was not possible without addi-
tional ancillary diagnostics such as PCR or 
fungal culture. We differed from the contribu-
tor therefore in this case by omitting the my-
cetoma/pseudomycetoma distinction from the 
morphologic diagnosis. As a final treat for 
conference participants, Dr. Bruce Williams 
reminded the group that PAS is pronounced 
‘per-eye-OD-ik acid – Schiff’ as the name of 
the reagent that we use ‘periodically’ for cases 
has decidedly different pronunciation that is 
easy to confuse. 
 
As pointed out by the contributor, the location 
of these fungal pyogranulomas in the deep 
dermis with extension into the pectoral muscle 
is unusual for this entity however. Mycetoma  

Figure 2-3.  Panniculus and subcutis, horse.  High magnification of an ag-
gregate of fungal hyphae.  Bulbous dilations are numerous within this ag-
gregate.  Fungal hyphae are surrounded by numerous neutrophils which 
are in turn surrounded by a layer of robust epithelioid macrophages and 
rare multinucleated foreign body-type macrophages. (HE 380X)    
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Figure 2-4. Panniculus and subcutis, horse.  
Fungal hyphae stain positively with periodic-
acid Schiff stain.  (PAS, 400X) 

 
should be distinguished from pseudomy-
cetoma by several key features. Mycetomas 
are fibrotic inflammatory nodules with drain-
ing fistulous tracts, and tissue grains of fungal 
aggregates with fewer hyphal elements sur-
rounded by minimal amounts of Splendore-
Hoeppli material and more cement material.5 
In contrast, pseudomycetomas are typically 
multifocal, may lack overt skin changes, are 
associated with dermatophytes, and typically 
have more abundant fungal hyphae and Splen-
dore-Hoeppli material present histologically 
than true mycetomas do.5 The abundant fungal 
hyphae, multifocal distribution of lesions, and  
 

 
Figure 2-5. Panniculus and subcutis, horse. 
The cell wall of the fungal hyphae stain posi-
tively with a silver stain. (GMS, 400X) 

abundant amorphous eosinophilic material 
(Splendore-Hoeppli) in this case is most con 
sistent with dermatophytic pseudomycetoma, 
absent other confirmatory diagnostics. Wider 
distribution of lesions, to include regional 
draining lymph nodes, is an occasional find-
ing.1,5 

  
Dermatophytic pseudomycetoma has been 
rarely reported in the cat1,3,5 and has been pre-
viously covered in WSC (see Conference 11, 
Case 2, 2019-2020 and Conference 11, Case 
3, 2008-2009). Persian, and to a lesser extent, 
Himalayan cats appear to have a predilection 
that may be explained by a longer hair coat 
and/or increased susceptibility to dermato-
phytes secondary to variation in the calprotec-
tin gene which encodes an antimicrobial pep-
tide.1 Dermatophytic pseudomycetoma in 
shorthair cats has also been described, to in-
clude a recent case report from Korea.3 Pseu-
domycetomas have also been described in the 
ferret4, though case reports in the horse are 
sparse in the literature. 
 
References: 
1. Barrs VR, Bęczkowski PM, Talbot JJ, et 

al. Invasive fungal infections and oomy-
coses in cats: 1. Diagnostic ap-
proach. Journal of Feline Medicine and 
Surgery. 2024;26(1). 

2. Cafarchia C, Figueredo L, Otranto D. Fun-
gal diseases of horses. Veterinary Micro-
biology. 2013;167: 215-234. 

3. Cho J, Park C, Park J, Yoon JS. Case re-
port: Dermatophytic pseudomycetoma in a 
domestic Korean short hair cat treated 
with intralesional injection of amphoteri-
cin B and oral terbinafine administration. 
Front Vet Sci. 2024 Jun 13;11:1402691. 

4. Giner J, Bailey J, Juan-Salles C, Joiner K, 
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phytic pseudomycetomas in two fer-
rets. Vet Derm 2018: 29:452-e154. 
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CASE III:  

Signalment:       
7 years of age, female, Selle Français, Equus 
caballus, Horse. 
 
History:  
The mare was initially presented to the referral 
clinic due to symptoms of chronic, recurrent 
diarrhea and intermittent exercise intolerance. 
General clinical examination revealed no ab-
normalities, with the exception of an enlarged, 
non-painful, retropharyngeal lymph node on 
the left side. Hematology, basic blood chem-
istry, and parasitological examination were 
normal. The horse was sent home after oral 
treatment with prednisolone (Equisolon®). 
 

 
Figure 3-1.  Guttural pouch, horse. The right gut-
tural pouch was filled with clotted blood and 
contained a sharply delineated slightly raised ir-
regular white plaque ca. 6 cm in diameter (sug-
gestive of mycosis) at the level of the medial 
wall.  (Photo courtesy of:  Department of Pathol-
ogy, Microbiology and Avian Diseases, Faculty of 
Veterinary Medicine, University of Ghent, 
Salisburylaan 133, 9820 Merelbeke, BELGIUM, 
veterinaire.pathologie@ugent.be, + 32 9 264 77 
41, https://www.ugent.be/di/di05/nl ). 

 
1 month later the horse suffered from severe, 
acute, right-sided epistaxis and was re-admit-
ted to the clinic and hospitalized. Endoscopy 
of the upper airways revealed the presence of 
large amounts of blood in pharynx and tra-
chea, as well as a large blood clot filling the 
lumen of the right guttural pouch. The left gut-
tural pouch was evaluated as normal.  
 
Surgery under general anesthesia was per-
formed with fluoroscopy-guided placement of 
7 intra-arterial coils in carotid and maxillary 
arteries. During recovery excitation and epi-
staxis developed. An emergency ligation of 
the right-sided a. carotis communis was at-
tempted but proved ineffective. The horse was 
subsequently euthanized. 
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Figure 3-2. Guttural pouch, horse.  An exce-
llent section from the guttural pouch is sub-
mitted for examination. The internal carotid 
artery is at left, and the guttural pouch proper 
is at top center.  (HE, 4X)  

 
Gross Pathology:  
The right guttural pouch was filled with clot-
ted blood and contained a sharply delineated 
slightly raised irregular white plaque ca. 6 cm 
in diameter (suggestive of mycosis) at the 
level of the medial wall, with several smaller 
blood clots adherent to this area. Which, when 
removed, revealed a focal depression in the 
wall and a frayed transmural defect of a large 
thick-walled blood vessel (a. carotis interna).  
The left side guttural pouch did not contain 
any blood but a smaller, ca. 4 cm diameter, 
pale plaque was found adherent to the wall. 
Other significant gross findings included pale 
oral mucosae, blood exuding from both nos-
trils, and hemorrhagic contents of stomach and 
duodenum. 
 
Microscopic Description:  
Guttural pouch, part of large vessel wall, asso-
ciated nerves and muscle.  
The endothelium of the large artery is multifo-
cally eroded and replaced by a layer of fibrin, 
admixed with erythrocytes (hemorrhage), eo-
sinophilic necrotic cell and nuclear debris, and 
few partially degenerate neutrophils (arteri-
tis).  
 

At the level of the eroded surface and pene-
trating deeper into the tunica media and con-
nective tissues a moderate amount of ca. 5-
8µm long deeply basophilic structures with 
parallel walls can be found, sometimes seen to 
be dichotomously branching, and often endo-
spore-forming (fungal hyphae). The severity 
of the arteritis and presence of hyphae is de-
pendent on the level of tissue section. 
 
Smaller vessels show hyalinization of the wall 
and contain mixed nuclear dust and a dense in-
filtration of neutrophils (thrombosis and vas-
culitis). 
 
Multifocal areas of coagulative necrosis sur-
round and infiltrate muscle fibers and nerve fi-
bers deep in the tissue, along with the presence 
of occasional fungal hyphae. 
 
Contributor’s Morphologic Diagnosis:  
Mycotic air sacculitis, chronic, severe, ero-
sive, necrotizing, with fungal hyphae, oblite-
rating necrosuppurative arteritis, multifocal 
vascular thromboses, and local necrotizing 
fungal myositis and neuritis.  
 

 
Figure 3-3. Internal carotid artery, horse.  
There is segmental loss of the endothelium 
and necrosis of the underlying arterial wall 
with growth of fungal hyphae into the lu-
men. (HE, 39X) 
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Figure 3-4. Internal carotid artery, horse. 
Higher magnification of septate, dichoto-
mously branching, 4-6um fungal hyphae 
within the internal carotid artery. (HE, 240X) 

 
Contributor’s Comment:  
The equine guttural pouches are a somewhat 
unique bilaterally symmetrical anatomical 
structure which can be interpreted as a local 
diverticulum of the inner auditory tube or Eu-
stachian tube in which several important struc-
tures can be found.10 It is longitudinally di-
vided into two communicating compartments, 
lateral and medial, by the stylohyoid bone. 
Their functionality has been a topic of discus-
sion for many decades or even centuries, but 
Ninomiya & Kuwano confirmed them to play 
a role as an effective countercurrent heat ex-
changer cooling arterial blood flowing to-
wards the brain.10  
 
Equine guttural pouch mycosis is a rare but 
potentially highly morbid and possibly fatal 
disease, most often caused by Aspergillus spp. 
in temperate climates, which are fairly ubiqui-
tous opportunistic pathogens present in upper 
airways of healthy equids as well as in their 
immediate surroundings.3,4,5,6,8 

 
There appears to be no predilection in regard 
to breed, sex, age, or left versus right side air 
sacs.3 The fungal hyphae, especially of A. fu-
migatus, are typically angiotropic/angioinva-
sive and therefore often form infiltrative my-
cotic plaques associated with the large blood 

vessels lying closely beneath the guttural 
pouch surfaces.1,8,5 
 
It can be considered challenging to diagnose, 
in part due to the wide spectrum of possible 
clinical signs, but also due to the high risks as-
sociated with confirmation of the pathogen in 
situ.7,11 In this particular case, based on the 
history, gross lesions, and microscopic find-
ings, infection with Aspergillus spp. was 
found to be most likely, though the presence 
of other non-pigmented hyphae producing 
fungi cannot be excluded.4 
 
Contributing Institution:  
Department of Pathology, Microbiology and 
Avian Diseases 
Faculty of Veterinary Medicine, University of 
Ghent 
Salisburylaan 133, 9820 Merelbeke, 
BELGIUM 
https://www.ugent.be/di/di05/nl  
 
JPC Diagnosis: 
Guttural pouch: Eustachitis and arteritis, ne-
crotizing, chronic, diffuse, severe, with nu-
merous fungal hyphae, fibrin thrombi, and in-
farction of skeletal muscle and nerves.  
 

 
Figure 3-5. Guttural pouch horse.  Infarcted 
skeletal muscle (at left) adjacent to the infla-
med internal carotid artery. Viable muscle 
and inflammatory cells are present at right.) 
(HE, 75X) 

 
JPC Comment:   
The exact tissue identification for Case 3 is 
subtle, though the presence of a large blood 
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vessel next to nerves, deeper muscle and a thin 
layer of squamous epithelium is suggestive of 
the equine guttural pouch (Figure 1-1). That 
stated, the magnificent fungal arteritis that the 
contributor has shared with us quickly pares 
down the differential list. Like the previous 
case, fungal elements are also a major diag-
nostic feature though the distribution and tis-
sue response is quite different from Case 2. 
GMS and PAS stains were less remarkable for 
this case, though this may simply reflect luck 
and plane of section for the slides we selected. 
Conference participants felt that the features 
on H&E were highly suggestive of Aspergil-
lus, though they did remark on the pigmenta-
tion present along the guttural pouch mucosa 
and whether this might be related to another 
fungal species instead (Figure 3-7). 
 
As the contributor notes, guttural pouch my-
cosis is often caused by Aspergillus species 
and the large fungal mats along the surface of 
and expanding into large blood vessels is a 
helpful diagnostic feature.2 While hemorrhage 
and epistaxis are common clinical manifesta-
tions of guttural pouch mycosis, they are not 
the only significant ones to consider. Marked 
guttural pouch inflammation can extend into 
adjacent structures to include the vagosympa-
thetic trunk, bones , middle ear, brain, or  
 

 
Figure 3-6. Guttural pouch horse.  There is in-
farction (left) of bundles of nerves, with mul-
tifocal inflammation and hemorrhage.  A 
thrombosed arteriole is present in the center 
of this field.  (HE, 175X) 

 
Figure 3-7. Guttural pouch, horse.  A large 
mat of fungal hyphae extends along the ulce-
rated surface of the guttural pouch as well.  
(HE, 39X) 

 
joints.2 Dysphagia, Horner’s syndrome, and 
laryngeal hemiparesis have all been reported 
secondary to guttural pouch mycosis.2 Alt-
hough the animal in the present case did not 
have reported neurologic deficits at the time of 
euthanasia, there is marked necrotizing arteri-
tis that spills over to adjacent skeletal muscle 
(myositis) and nerves (neuritis) quite spectac-
ularly. For a similar case from the WSC ar-
chives, see Conference 21, Case 2, 2012-2013. 
 
Other diseases of the guttural pouch to con-
sider include guttural pouch tympany, guttural 
pouch empyema, temporohyoid osteoarthrop-
athy, and neoplasia.2,11 Tympany is uncom-
mon and is seen in young horses secondary to 
congenital conformational abnormalities or 
inflammation that leads to retention of air and 
expansion of the guttural pouch. Empyema is 
seen secondary to respiratory infection, most 
commonly Streptococcus equi, and purulent 
nasal discharge (not hemorrhage) is the typical 
finding. Neoplasia of the guttural pouch is 
rare, but squamous cell carcinoma has been re-
ported.2 Temporohyoid osteoarthropathy re-
flects remodeling of either/both the stylohyoid 
bone and petrous temporal bone; this may oc-
cur secondary to otitis media, respiratory in-
fection, or degenerative conditions.11 Diag-
nostic imaging, to include, radiography, en-
doscopy, and computed tomography are help-
ful at distinguishing these diseases amid a 
complex anatomical landscape. 11 
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CASE IV:  

Signalment:  
9-year-old, gelding, warmblood, horse, Equus 
caballus. 
 
History: 
This horse presented with a 1-year history of a 
bleeding rostral nasal mass.  
 
Gross Pathology:  
N/A 
 
Microscopic Description:  
Slide A: Examined are three sections of the 
nasal vestibule lined by a multifocally eroded 
stratified squamous epithelium that has nu-
merous individualized neutrophils percolating 
throughout (neutrophilic exocytosis). The ves 
 

 
Figure 4-1. Nasal mucosa, horse.  Multiple 
hemorrhagic and ulcerated fragments of nasal 
mucosa and underlying lamina propria are 
submitted. (HE, 5X). 
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tibular lamina propria is markedly expanded 
by numerous, large, multinodular deposits of 
pale eosinophilic, amorphous, smudgy, extra-
cellular material (amyloid). Associated with 
this amyloid deposition are thick anastomos-
ing bands of fibrous connective tissue that are 
punctuated by plump reactive fibroblasts and 
branching small-caliber vessels lined by 
plump endothelium (granulation tissue). Nu-
merous neutrophils, lymphocytes, plasma 
cells, macrophages, and multinucleated giant 
cells percolate throughout this granulation tis-
sue and are interspersed between amyloid de-
posits. The vestibular lamina propria is addi-
tionally expanded by large pools of brightly 
eosinophilic amorphous to fibrillar material 
(necrosis) admixed with numerous extrava-
sated red blood cells (hemorrhage), degener-
ate leukocytes, and hemosiderin and hema-
toidin-laden macrophages.  
 
Congo red: The pale eosinophilic, amorphous 
extracellular material stains orange-red (con-
gophilic) and exhibits apple-green birefrin-
gence under polarized light.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Contributor’s Morphologic Diagnosis:  
Nasal vestibule: Severe, chronic, locally ex-
tensive amyloidosis with neutrophilic and his-
tiocytic nasal vestibulitis, granulation tissue, 
epithelial erosion, multifocal necrosis, and 
chronic-active hemorrhage. 
 
Contributor’s Comment:  
Equine nasal amyloidosis is an uncommon 
manifestation of local amyloidosis. Its most 
common presentation is a single or multiple, 
often ulcerated, mass-like lesions in the rostral 
nasal cavity or nasal vestibule; however, amy-
loidosis can occur in any portion of the nasal 
cavity and can present as diffuse swelling and 
not a discrete mass.1,5-8,12 Concurrent cutane-
ous, conjunctival, and/or corneal amyloidosis 
has also been documented.5,12 Clinical signs 
often include epistaxis and larger masses may 
lead to respiratory difficulty and exercise in-
tolerance.1,5-8 Grossly, the masses caused by 
amyloidosis can be soft to firm, are often ul-
cerated, and can have a smooth to waxy ap-
pearance.5-8 Histologic findings are similar 
amongst all described cases with the presence  
 

Figure 4-2. Nasal mucosa, horse. There is segmental ulceration of the nasal mucosa.  Within the un-
derlying lamina propria, there are aggregates of amyloid. (HE, 60X). 
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of eosinophilic, amorphous material, often as-
sociated with granulation tissue, hemorrhage, 
lymphoplasmacytic histiocytic inflammation, 
multinucleated giant cells, and occasionally 
mineralization. The histopathologic findings 
in this case were similar to those in previous 
reports.  
 
Amyloid is an extracellular, hyalinized, pro-
teinaceous material composed of polypeptides 
arranged in beta-pleated sheets forming fibril-
lar proteins.4 Due to the conformation of am-
yloid, it is resistant to degradation leading to 
accumulation within tissues. Thirty different 
types of types of amyloid fibril proteins have 
been discovered, but only nine have been stud-
ied in domestic animals and only two, amyloid 
light chain (AL) and amyloid A (AA), have 
been described in horses.1,2,9 Equine nasal am-
yloidosis is caused by accumulation of the am-
yloid light chain (AL) type.1  
 
Diagnosis of amyloid is commonly achieved 
through histochemical staining of with Congo 
Red, which results in orange to red coloration 
that exhibits apple-green birefringence when  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
observed under polarizing light.4 Addition-
ally, amyloid light chain (AL) and amyloid A 
(AA) can be differentiated using a pre-treat-
ment with potassium permanganate. Amyloid 
A (AA), when pre-treated with potassium per-
manganate will lose its affinity for Congo red 
and subsequently lacks the typical birefringent 
properties.10  
 
Differentials on gross examination include 
fungal granuloma, ethmoid hematoma, habro-
nemiasis, sarcoids/soft tissue sarcomas, and 
maxillary dental tumors that extend into the 
nasal cavity; however, all of these differentials 
can be differentiated histologically by the ab-
sence of amyloid. 
 
Contributing Institution: 
Department of Population Medicine and Diag-
nostic Sciences, Section of Anatomic Pathol-
ogy, Cornell University College of Veterinary 
Medicine, Ithaca, New York 
 
 
 
 

Figure 4-3. Nasal mucosa, horse. High magnification of aggregates of amyloid, which is surrounded 
by macrophages and foreign body macrophages.  (HE, 157X) 
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JPC Diagnosis: 
Nasal muscosa: Amyloidosis, multifocal, se-
vere, with fibrin thrombi, chronic hemmor-
rhage, and ulceration.  
 
JPC Comment:   
Conference 1 concludes with a relatively 
straightforward case. The thick squamous ep-
ithelial layer that lacks underlying hair folli-
cles helps to place the tissue as the nostril (spe-
cifically within the nasal vestibule). The con-
tributor provides a nice description of the fea-
tures of this case and reviews the salient points 
of equine amyloidosis as well. The diagnosis 
of amyloidosis was readily confirmed as the 
eosinophilic extracellular material was 
strongly congophilic and sharply birefringent 
under polarized light. There was discussion 
among conference participants about the de-
gree of hemorrhage and fibrin present in this 
case. The major takeaway was that these 
changes were the direct result of amyloid be-
ing deposited within the walls of blood ves-
sels.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This case is an example of immunoglobulin-
derived (AL) amyloidosis which is rare in an-
imals though relatively common in humans.11 
Other reported causes of primary amyloidosis 
include immune dyscrasias such as extrame-
dullary plasmacytomas and multiple myeloma 
where overproduction of immunoglobulin 
light chains (or fragments) by plasma cells co-
alesce to form insoluble fibrils.1,11 One case of 
systemic AL amyloidosis secondary to multi-
ple myeloma in a horse has been described to 
date.3 In contrast, secondary (reactive; AA) 
amyloidosis is more common in veterinary 
species and familial forms of AA amyloidosis 
have also been described. Reactive amyloido-
sis occurs secondary to chronic inflammatory 
stimulus and production of serum amyloid A 
protein, or less commonly, due to nonim-
munocyte dyscrasia or idiopathic causes.11 
Renal and/or hepatic involvement with depo-
sition of extracellular amyloid A protein dis-
rupts normal function and eventually may 
cause organ failure; others tissues may simi-
larly be affected.11 This is seen in both domes-
tic animals as well as captive wildlife species 
such as flamingos and cheetahs among many 

Figure 4-4. Nasal mucosa, horse. In some fragments, amyloid is enmeshed in hemorrhagic granula-
tion tissue. (HE, 78X) 
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others. Familial forms of AA amyloidosis oc-
cur in Shar Pei dogs and Abyssinian cats, 
though other breeds have also been identi-
fied.11 
 
Amyloidosis has been a frequent feature in 
slide conferences over the years, though 
horses are not as well represented as the dog 
in this regard. Ocular amyloid secondary to re-
current uveitis (‘moon blindness’) was cov-
ered in Conference 7, Case 3, 2018-2019 and 
represents AA amyloid. Cutaneous amyloido-
sis in the horse represents a localized AL am-
yloidosis that is distinct from the nasal form. 
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CASE I:   
 
Signalment:  
15 years, castrated male, domestic shorthair 
cat, Felis catus, feline. 
 
History:  
1-2 days’ retching, vomiting, diarrhea. 
 
Gross Pathology:  
The surgeon noted that the intestinal wall was 
subjectively thickened and the mesenteric 
lymph nodes were prominent.   
 
Microscopic Description:  
Five specimens, per submitter quadrate liver 
lobe, stomach, jejunum, mesenteric lymph 
node, and cecum, are bisected and embedded 
en toto in blocks 1-5, respectively. The major 
lesions are in the jejunal specimen (submitted 
slide 3), which has diffuse heavy mucosal in-
filtration by neoplastic lymphocytes with ex-
tension into the submucosa and multifocally 
along the vasculature into and through the tu-
nica muscularis. A few lymphoid follicles 
with normal polarity remain in the submucosa. 
In the mucosa, epitheliotropism is prominent 
(indicating a T-lymphocyte population) with 
individual, clusters, and plaques of lympho-
cytes within the villous epithelium. The neo-
plastic cells are mostly small to intermediate-
sized lymphocytes with a small nucleolus, 0 to 
2 mitotic figures per 400x field, and scanty cy-
toplasm.  
 
 

 
Figure 1-1. Jejunum, cat. A section of jejunum 
with markedly blunted villi and a transumural 
round cell neoplasm is submitted for examina-
tion.  There are prominent germinal centers 
scattered along the submucosa. (HE, 22X) 

 
The following description is from slides that 
were not submitted:  Similar neoplastic lym-
phocytes are found focally in the cecal mucosa 
and submucosa, but the epitheliotropism is not 
so obvious in the cecum, and submucosal lym-
phoid tissue has more organized follicles. The 
lymph node has only focal expansion of the 
paracortex by monomorphic small lympho-
cytes. Only a few sinusoidal clusters of neo-
plastic lymphocytes are in the liver. Other-
wise, the liver has variable centrilobular con-
gestion and degeneration that might account 
for the dark blotches noted at surgery. The sec-
tions of stomach are unremarkable. 
 
Contributor’s Morphologic Diagnosis:  
Epitheliotropic T-cell lymphoma, jejunum. 
 
Contributor’s Comment: 
Despite the reportedly short duration of clini-
cal signs, the histologic findings are typical of 
feline enteropathy-associated T-cell lym-
phoma. This alimentary small cell lymphoma  
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Figure 1-2. Jejunum cat. There is marked 
blunting and fusion of villi and loss of crypts 
within the infiltrated sections of jejunum. (HE, 
101X) 

 
can be difficult to distinguish from inflamma-
tory bowel disease; indeed, there may be a 
continuum from chronic inflammation to lym-
phoma.2,3,6  However, in this case, the clusters 
and plaques of lymphocytes within the villous 
epithelium plus the extension into the submu-
cosa and tunica muscularis left little doubt that 
this is a neoplasm of T lymphocytes.2,5  There-
fore, neither PCR testing for antigen receptor 
gene rearrangement (PARR) clonality nor im-
munohistochemical (IHC) phenotyping with 
T-lymphocyte and B-lymphocyte markers was 
performed.   
 
Alimentary lymphoma has become the most 
common form of feline lymphoma and seems 
to be increasing in prevalence.  Most feline 
small intestinal lymphomas are composed of 
small cells and confined to the mucosa similar 
to the human WHO enteropathy-associated T-
cell lymphoma type II.5,8 However, neoplastic 
lymphocytes extended through the submucosa 
into the tunica muscularis in this case, making 
it a transmural T-cell lymphoma (like WHO 
enteropathy-associated T-cell lymphoma type 
I). Small cell feline transmural T-cell lympho-
mas exist, but most are of large granular lym-
phocyte type.5 Importantly, transmural T-cell 
lymphomas have shorter median survival than 
that of mucosal T-cell lymphomas, but this 
could reflect the size of the neoplastic cells ra-
ther than the depth of invasion.5   
 

Duodenal endoscopy is commonly used to as-
sess cats with chronic enteropathy because it 
is a minimally invasive technique,1,6 but dis-
tinction of transmural lymphoma from muco-
sal lymphoma requires examination of full-
thickness intestinal sections.  A lymphoma di-
agnosed in endoscopic duodenal biopsy spec-
imens would by default be classified as muco-
sal.5 In addition, because the jejunum is the 
most common location of feline intestinal 
lymphoma, the diagnosis could be missed in a 
duodenal specimen.1,5   
 
The histologic distinction of lymphoma from 
inflammatory bowel disease, particularly in 
endoscopic specimens, is greatly facilitated by 
IHC and PARR.5,7 In fact, Sabattini et al. re-
ported that for endoscopic duodenal speci-
mens only the diagnosis of lymphoma based 
on clonality correlated with decreased sur-
vival.7  Nevertheless, clonality results can be 
mixed, leading authors of a literature review6 
to propose that feline intestinal small cell lym-
phoma may more closely resemble human in-
dolent digestive T-cell lymphoproliferative 
disease than enteropathy-associated T-cell 
lymphoma.  In a study of gastric or duodenal 
endoscopic biopsy specimens of clinically 
normal adult cats, histologic, IHC, and clonal-
ity test results were consistent with small cell 
lymphoma in 12 of 20 cats.3 Thus, the authors 
concluded that the standard criteria for diag-
nosing chronic enteropathy in cats may need 
modification.3   
 

 
Figure 1-3. Jejunum, cat. Within the mucosa, 
neoplastic lymphocytes expand the lamina 
propria and infiltrate and aggregate within the 
overlying mucosal epithelium.  (HE, 144X) 
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Figure 1-4. Jejunum, cat.  High magnification 
of neoplastic lymphocytes infiltrating the tu-
nica muscularis (HE,700X) 

 
Contributing Institution:  
Purdue University 
Animal Disease Diagnostic Laboratory:  
http://www.addl.purdue.edu/ 
 
Department of Comparative Pathobiology:  
https://vet.purdue.edu/cpb/ 
 
JPC Diagnosis: 
Small intestine: Lymphoma, intermediate to 
large cell, transmural.  
 
JPC Comment:   
This week’s moderator was the one and only 
Dr. Bruce Williams who combined his twin 
loves of unusual pathology and cats to assem-
ble a conference that featured a good amount 
of both aspects. The first case is a classic en-
teropathy-associated T-cell lymphoma 
(EATL) which the contributor nicely de-
scribes and generated substantial discussion 
among conference participants (see below). 
We performed IHC for CD3, CD20, PAX5, 
and MUM1 which were diffusely reactive 
with strong cytomembranous immunoreactiv-
ity for CD3 (T-cell marker) in the cells of in-
terest, confirming the diagnosis of T-cell lym-
phoma (figures 1-5, 1-6). We agree with the 
contributor that the extension of neoplastic 
lymphocytes through the submucosa into the 
tunica muscularis bests fits with an EATL type 
I interpretation. Interestingly, this case fea-
tured large lymphoid follicles that were 
strongly immunoreactive for CD20 and PAX5 
(highlighting B cells) with fewer plasma cells 

(staining with MUM1) and B cells scattered 
within the lamina propria. We remarked on a 
similar finding in Conference 20, Case 4, 
2014-2015 – this too probably represents a 
nexus of chronic intestinal inflammation that 
has transformed into lymphoma. However, the 
contribution of a leaky gut (and associated an-
tigen pouring through an incomplete barrier) 
due to neoplastic lymphocytes disrupting and 
effacing the enteric mucosa should not be 
overlooked either in this case. 
 
While the case seemed straightforward, con-
ference participants pointed out several factors 
that could make this entity more difficult to 
describe definitively. Foremost, the size of the 
neoplastic lymphocytes was a point of conten-
tion, with some conference participants agree-
ing with the contributor’s description of small 
to intermediate size while others favored an 
intermediate to large distribution. Ultimately, 
the group felt that intermediate to large cells 
accurately reflected the neoplastic cells based 
on the more open chromatin pattern and large 
prominent nucleolus of these cells (‘centro-
cyte-like’). Dr. Williams entertained (and ulti-
mately discarded) the possibility that these 
cells could reflect a large granular lymphoma 
(LGL) which is another high-grade large cell 
T-cell neoplasm, though this diagnosis is often 
better made on cytology which was not avail-
able for this case. Another confounder we con-
sidered were the normal population of small 
lymphocytes within the  
 

 
Figure 1-5. Jejunum, cat. Neoplastic cells stain 
strongly for CD3, indicating a T-cell origin. 
(anti-CD3, 22X) 
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Figure 1-6. Jejunum, cat. Neoplastic cells 
demonstrate strong membranous immuno-
positivity for CD3.  (anti-CD3, 459X) 

 
lamina propria – we focused on the submucosa 
first and later identified these same cells 
within the mucosa in making our determina-
tion. Participants were also focused on the in-
traepithelial nests and plaques of lymphocytes 
which is more classically associated with 
EATL type 2. There was also spirited discus-
sion of the putative grade of this neoplasm as 
mitotic figures were rare (1 per 40x hpf) for 
some participants while others felt that the mi-
totic rate was at least intermediate (2 per 40x 
hpf). EATL type 1 tends to fit better with a 
more high-grade lymphoma which gave us 
pause. Ultimately, we resolved these points by 
focusing on the distinction between transmu-
ral and mucosal-associated lymphoma and 
leaving the EATL types aside which is a con-
vention now shared by the ACVIM as dis-
cussed in the next section.4  
 
Since the submission of case materials to the 
WSC several years ago, the ACVIM has pub-
lished new guidance for distinguishing low‐
grade neoplastic (i.e. EATL type 2) from in-
flammatory lymphocytic chronic enteropa-
thies in cats.4  Distinguishing these entities is 
challenging given the overlap in features. 
Clinical signs are largely identical for both 
conditions and current laboratory tests lack 
appropriate specificity and sensitivity to 
screen individual cats accurately, though they 
can help to pare down the differential list (e.g. 
rule out pancreatitis).4 Diagnostic imaging is a 
helpful adjunct for characterizing abnormali-
ties of the intestine and adjacent lymph nodes 

as well as identifying appropriate regions for 
biopsy. Histopathology remains the gold 
standard for diagnosis, though the decision of 
endoscopic or laparoscopic biopsy, the num-
ber of samples to take, and the exact locations 
to sample remains an active area of discussion 
among clinicians.1,4 From a pathologist’s per-
spective, the ideal samples should be cut par-
allel to the lamina propria of the intestine, fa-
cilitating examination of the mucosa and any 
underlying tissue layers if present.1,4  
 
Ancillary diagnostics tests help support the di-
agnosis of neoplastic or inflammatory enter-
opathy, but do not make the distinction in a 
vacuum. The use of IHCs such as CD3, CD20, 
PAX5, BLA36, CD79a, Granzyme B, CD56, 
Ki-67 and MAC387/IBA1 is helpful to con-
firm or refute H&E impressions.1 In this par-
ticular case, the monomorphic population of 
lymphocytes with transmural infiltration is 
highly suggestive of EATL on H&E alone be-
fore any antibodies are applied. In contrast, 
mild to moderate cases of lymphoplasmacytic 
enteritis also feature intraepithelial lympho-
cytes and increased numbers of lymphocytes 
within the lamina propria that are similar in 
appearance to plaques and nests found in 
emerging EATL.1 In many cases, the use of 
PARR could help resolve this debate, though 
for a subset of cases small biopsy samples 
with little DNA and/or patchy lesions with few  
 

 
Figure 1-7. Jejunum cat. Neoplastic cells are 
immunonegative for CD20, a B-cell marker, 
but lymphocytes within germinal centers pro-
vide a positive internal control. (anti-CD20, 
22X) 
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T- and/or B-cells present could yield frustrat-
ing results.1 Therefore, clonality should never 
be considered in a vacuum. It's fair to say that 
if one enjoys the certainty or confident conclu-
sions often found in WSC proceedings, read-
ing feline intestinal biopsies probably isn’t the 
place to find it. 
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CASE II:  
 
Signalment:  
12.9 year-old FS Yorkshire terrier dog (Canis 
lupus familiaris) 
 
History:  
The dog has a history of tracheal collapse and 
coughing. Over the previous 6 months, the 
owner noted increased respiratory effort and 
restlessness. Thoracic radiographs indicated a 
soft tissue opacity in the cranial thorax along 
with mild cardiomegaly and a mild, diffuse 
bronchointerstitial pattern in the lungs. An 
echocardiogram indicated myxomatous mitral 
valve degeneration and second-degree AV 
block, as well as confirming a lobulated struc-
ture in the cranial mediastinum. Bloodwork 
was unremarkable. The mass was removed 
and submitted for histopathology.  
 

 
Figure 2-1. Mediastinum, dog. Two sections of 
a mass ferom the cranial mediastinum is sub-
mitted for examination.  (HE, 24X) 

 

028



6 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Gross Pathology:  
The mass received measured 3.9 x 2.8 x 1.6 
cm and was mottled tan to dark purple, mul-
tinodular, and semi-firm to firm. 
 
Microscopic Description: 
There is minimal residual thymic tissue pre-
sent, with only minimal lymphoid cells pre-
sent. There are several, variably sized cysts, 
containing eosinophilic or clear space and 
which are lined by ciliated cuboidal epithe-
lium. Within the lumen of several large cysts, 
with retained cyst lining epithelium, there are 
mass effects, produced by proliferations of 
similar epithelial cells to form solid islands, 
sheets, rare tubules and ducts, some of which 
contain eosinophilic fluid. The neoplastic cells 
have moderate amounts of lightly vacuolated 
cytoplasm, round to ovoid vesicular nuclei, 
with small to no nucleoli. There is moderate 
anisokaryosis and anisocytosis. Mitoses are 2 
per 10 high power fields (400x).  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Contributor’s Morphologic Diagnosis: 
Cranial mediastinal mass: Branchial cysts 
with transformation to branchial carcinoma 
 
Contributor’s Comment:  
Branchial cysts arise from remnants of phar-
yngeal (branchial) pouches, which are a series 
of 4 to 5 bilateral embryonic endodermal 
evaginations that project laterally between the 
pharyngeal arches. The pharyngeal pouches 
and clefts contribute to the formation of the 
thymus (from the third pharyngeal pouch), 
parathyroid gland, pharyngeal tonsils, and 
middle and external ear.7 Epithelia migrate 
caudally from the submandibular region, 
down the neck, and into the cranial mediasti-
num during development, occasionally leav-
ing remnants at points along this tract that can 
develop into cysts.5 
 
Cervical and mediastinal branchial cysts have 
been reported in dogs, but there are few re-
ports of thymic branchial cysts in veterinary 
medicine2,5 and even fewer reports of neo-
plastic transformation.5,8 Some of these  
 

Figure 2-2. Thymus, dog. The neoplasm arises from the wall of a large, multilocular branchial cyst 
within the thymic remnant. (HE, 24X) 
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thymic cysts may be attributed to cystic pro-
liferation of thymic reticular cells rather than 
remnants from the third pharyngeal pouch. 
Branchial cysts are distinguished by the pres-
ence of variably squamous to ciliated lining 
epithelial cells with no external opening.9 
Thymic branchial cysts are typically benign 
and more common in older dogs, but can be-
come space-occupying, leading to cranial 
vena cava syndrome and pleural effusion.5 In 
a report of a dog with malignant transfor-
mation of a thymic branchial cyst to a carci-
noma, pulmonary metastases were present as 
well.4  
 
In humans, suspected malignant transfor-
mation of cervical branchial cysts has been re-
ported with a variety of terms, including bran-
chiogenic carcinoma, branchioma or malig-
nant branchioma. The nomenclature and 
origin of these masses remains under debate. 
It has been suggested that these masses are 
metastases to the cyst from an unrecognized 
primary tumor, most commonly oropharyn-
geal carcinomas such as tonsillar carcinoma.3  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Overall, these tumors are considered excep-
tionally rare in humans.1 

 
Differential diagnoses for a cranial mediasti-
nal mass in dogs include thymoma, thymic 
lymphoma, thymic carcinoma, thymofibroli-
poma, chemodectoma, ectopic thyroid tumor, 
schwannoma, thymic hyperplasia, abscess, or 
granuloma. Given its rarity and a lack of de-
finitive immunohistochemical markers, bran-
chial cyst carcinomas should be considered a 
diagnosis of exclusion.  
 
Contributing Institution:  
University of Wisconsin-Madison 
School of Veterinary Medicine 
Department of Pathobiology 
2015 Linden Dr 
Madison WI 53703 
https://www.vetmed.wisc.edu/depart-
ments/pathobiological-sciences/ 
 
JPC Diagnosis: 
Thymic remnant: Branchial carcinoma arising 
in branchial cyst.  

Figure 2-3. Thymus, dog. A multicystic neoplasm arises from the wall of the branchial cyst. Thymic 
remnant. (HE, 67X) 

030



8 
 

 
Figure 2-4. Thymus, dog. Neoplastic cells are 
columnar and are arranged in anastmosing 
cords, often lining cystic spaces.  (HE, 305X) 

 
JPC Comment:  
This particular case is somewhat challenging 
to recognize the salient features and arrive at 
an exact diagnosis. The large cystic spaces, the 
small numbers of lymphocytes, and ciliated 
cuboidal epithelium are all helpful to note, es-
pecially starting from the position shown in 
figure 2-2. Ciliated epithelium (figure 2-5) is 
commonly seen in respiratory and reproduc-
tive epithelium, though the other two facets 
don’t quite fit with those interpretations. Cilia 
are also a component of branchial pouch epi-
thelia8,9 – together with the CD3 positive lym-
phocytes, the tissue in section most resembles  
a cyst of branchial pouch origin which is lo-
cated within the thymic remnant of an older 
dog. That said, the eosinophilic fluid in the 
background could easily be mistaken for thy-
roidal colloid at first glance as well. Confer-
ence participants as a whole thought that the 
tissue was ovarian and that the cystic fluid par-
tially resembled Call-Exner bodies of a gran-
ulosa cell tumor (figure 2-4) and explained the 
ciliated epithelium as part of the oviduct. 
Though these interpretatoins were not ulti-
mately correct, they were good ruleouts for an 
exquisitely unusual entity. Although branchial 
cysts have been reported in veterinary medi-
cine, malignant transformation is rare4,7 In this 
case, Dr. Williams felt that there was support-
ing evidence of transformation of the cyst lin-
ing itself into a discrete neoplasm (figure 2-3) 
within the section presented. 
 

An important differential in this case is multi-
ple thymic cyst and thymic origin neoplasia 
though we also considered the possibility of a 
neuroendocrine or thyroid tumor too. The ani-
mal in this case reportedly had a mass within 
the cranial thorax which was localized to the 
mediastinum via echocardiography. In addi-
tion to CD3, we also ran IHCs for pancyt-
okeratin, TTF-1, chromogranin, and synapto-
physin. Pancytokeratin was diffusely and 
strongly cytomembranously immunoreactive 
while chromogranin, synaptophysin were dif-
fusely negative which was consistent with a 
cystic epithelial tumor. TTF-1 was not immu-
noreactive in the cells of interest, which ex-
cluded a thyroid tumor. Likewise, the malig-
nant neoplastic cells the contributor describes 
lack squamous differentiation and a high 
(>10) mitotic rate that is associated with 
thymic carcinomas.9 For these reasons, we fa-
vor a branchial cyst carcinoma arising in a 
thymic remnant for this case. Lastly, branchial 
cyst remnants were previously (briefly) cov-
ered in Conference 7, Case 2, 2017-2018 – we 
suspect it may be some time before we see this 
entity again. 
 

 
Figure 2-5. Thymus, dog. Cilia are evident on 
neoplastic cells lining large cystic spaces (HE, 
400X) 
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Figure 3-1. Cervical lymph nodes, kitten. There 
is marked enlargement of cervical lymph 
nodes.  (Photo courtesy of:  Massey University, 
School of Veterinary Science , Palmerston 
North, New Zealand). 

 
CASE III:  

Signalment:       
Fourteen-week-old, female, British shorthair 
cat (Felis catus). 
 
History:  
This kitten was one of two in a litter of four 
British shorthair (BSH) kittens that developed 
multicentric lymphadenopathy involving all 
peripheral lymph nodes at 6 weeks of age. 
Over the following weeks, the lymphadenopa-
thy rapidly progressed to marked but non-
painful enlargement of multiple nodes with 
progressive abdominal distension and lethargy 
(Figures 1 and 2). Both kittens showed mild 
regenerative anemia, and blood smears from 
this kitten showed gross auto-agglutination. 
Both kittens received immunosuppressive 
doses of corticosteroids (2.2mg/kg prednisone 
per os sid) for the 2 weeks prior to euthanasia,  
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Figure 3-2. Cervical and mandibular lymph 
nodes, kitten. There is marked enlargement of 
mandibular and cervical lymph nodes.  (Photo 
courtesy of:  Massey University, School of Vet-
erinary Science , Palmerston North, New Zea-
land). 

 
but no significant clinical improvement was 
observed and they were euthanized at 12 and 
14 weeks respectively. 
 
Gross Pathology:  
On necropsy examination, all identifiable pe-
ripheral and visceral lymph nodes showed 
very marked enlargement (Figures 3 and 4) 
with effacement of corticomedullary architec-
ture when incised (Figure 5). Mild diffuse he-
patic enlargement and moderate diffuse 
splenic enlargement were also present.  
 
Laboratory Results: 
Blood was negative for the presence of both 
FeLV antigen and FIV antibody (Snap® 
Combo FeLV Ag/FIV Ab Test Kit) and was 
negative on direct Coombs’ testing. Immuno-
cytochemistry to assess CD3, CD4 and CD8 
expression performed on fine needle aspirates 
from multiple lymph nodes indicated a 
CD3+/CD4/CD8- immunophenotype for the 
majority of cells. Results of molecular clonal-
ity PCR amplification of antigen receptor re-
arrangements (PARR) of both the T-cell re-
ceptor gamma (TCRG) and immunoglobulin 

heavy chain (IGH) loci on genomic DNA ex-
tracted from FFPE lymph node tissue was con-
sistent with a polyclonal and non-neoplastic 
T-cell proliferation. DNA extracted from 
fresh-frozen kidney and tested by PCR re-
vealed homozygous Fas-ligand gene 
(FASLG) variants associated with feline auto-
immune lymphoproliferative syndrome 
(FALPS).  
 
Microscopic Description:  
Lymph nodes: There is marked expansion of 
the cortex and medulla of both nodes by a pop-
ulation of round cells consistent with lympho-
cytes, which effaces or markedly distorts 
nodal architecture and follicular remnants and 
expands subcapsular sinuses (Figure 6). Lym-
phocytes are intermediate to large in size, have 
generally distinct borders with a scant to mod-
erate amount of eosinophilic cytoplasm, large 
round nuclei with clumped chromatin and one 
to two prominent nucleoli. The nuclear diam-
eter of lymphocytes is typically equal to the 
diameter of approximately 1.5-2 regional 
erythrocytes. Mitotic figures average 8-10 per 
400x high power fields. In some areas, low to  
 

 
Figure 3-3. Abdominal lymph nodes, kitten. 
There is marked enlargement of abdominal 
lymph nodes.  (Photo courtesy of:  Massey Uni-
versity, School of Veterinary Science , Palmer-
ston North, New Zealand) 
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Figure 3-4. Multiple tissues, kitten. Two sec-
tions of lymph node, and one of sliver and 
spleen are submitted for examination.  At this 
magnification, the architecture of the lymh 
node is lost. (HE, 6X) 

 
moderate numbers of small lymphocytes, 
plasma cells, macrophages and rare neutro-
phils are also admixed with the lymphocyte 
population (Figure 7). 
 
Spleen: There is moderate multifocal expan-
sion of the splenic white pulp by a population 
of lymphocytes similar to those present and 
described within the lymph nodes. 
 
Liver: There is mild multifocal expansion of 
periportal areas and more variably, hepatic si-
nusoids, by a population of cells including 
both small and large lymphocytes, plasma 
cells (including Mott cells), and macrophages. 
Multifocal areas of scattered extramedullary 
hematopoiesis are present throughout the sec-
tion and low numbers of Kupffer cells contain 
intracytoplasmic erythrocytes.  
 
Immunohistochemistry for CD3 and CD20 
performed on sections of lymph nodes and 
spleen confirmed a predominantly 
CD3+/CD20- cell population consistent with 
T cells within both tissues (Figure 8), while 
variable numbers of CD3-/CD20+ B-cells 
were also present within follicular remnants 
and subscapular sinuses of some nodes. This 
staining pattern is consistent with a T-cell pro-
liferation. 
 
 

Contributor’s Morphologic Diagnosis:  
Lymph nodes, spleen and liver: T-cell lym-
phoid hyperplasia, severe, diffuse 
Liver: Pericholangitis and perivasculitis, mild, 
multifocal, lymphoplasmacytic with erythro-
phagocytosis and extramedullary hematopoie-
sis 
 
Contributor’s Comment:  
This case illustrates typical features of feline 
autoimmune lymphoproliferative syndrome 
(FALPS), an unusual autosomal recessive 
lymphoproliferative disease first seen in mul-
tiple related British shorthair kittens in Aus-
tralia in the 1990s and in New Zealand from 
2008.2  Kittens affected by FALPS appear nor-
mal at birth but show failure to thrive, leth-
argy, regenerative anemia, abdominal disten-
sion and generalized lymphadenopathy from 
6-10 weeks of age. The disease progresses 
quickly, has no known effective treatment, 
and affected kittens usually die or require eu-
thanasia shortly after diagnosis. The disease is 
easily misdiagnosed as lymphoma, as gross 
pathology, routine histology and immuno-
histochemistry results all suggest a diagnosis 
of a neoplastic (T-cell) proliferation in multi-
ple lymph nodes, spleen and other organs. 
However, PCR molecular clonality assays 
(PARR) confirm a polyclonal and non-neo-
plastic T-cell proliferation within affected 
nodes indicative of a hyperplastic process and 
inconsistent with lymphoma.  
 
The genetic basis for FALPS has recently been 
identified as a monogenic autosomal recessive 
mutation in the Fas-ligand gene (FASLG).3 
Both the FAS and FASLG genes code for pro-
teins critical in normal cell apoptosis. The mu-
tation in kittens with FALPS involves the in-
sertion of an adenine base in exon 3 of 
FASLG, causing a frameshift mutation and in-
sertion of a premature stop codon, predicted to 
produce a truncated Fas ligand protein that is 
unlikely to initiate effective lymphocyte apop-
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tosis. Kittens homozygous for the FASLG var-
iant allele develop FALPS while heterozy-
gotes are carriers of the defect but phenotypi-
cally normal. Genetic testing (buccal swabs or 
blood) is currently available through Massey 
University (New Zealand) and Langford Vets 
(United Kingdom). Recent studies show a rel-
atively high frequency of the variant FASLG 
allele in BSH cats in New Zealand, with 22% 
of healthy BSH cats from three breeding cat-
teries identified as carriers of the FASLG var-
iant.1 The disease is not currently reported out-
side Australasia, but as breeding BSH cats 
from New Zealand and Australia are often ex-
ported, it is possible that FALPS may also be 
seen in BSH and BSH-cross cats in other 
countries.  
 
The disease in BSH cats is analogous to the 
inherited disease autoimmune lymphoprolif-
erative syndrome (ALPS) in people.8 The ma-
jority of people with ALPS have inherited FAS 
gene mutations causing defective lymphocyte 
apoptosis, non-neoplastic lymphoproliferation 
and variable autoimmunity, although muta-
tions in both FASLG and caspase 10 genes can 
also cause the disease. In people, most ALPS 
cases have autosomal dominant inheritance, 
but the genotype often shows incomplete pen-
etrance with a variable phenotype. Feline au-
toimmune lymphoproliferative syndrome ap-
pears similar to a rare autosomal recessive 
ALPS variant in people with homozygous 
FASLG mutations which causes a severe and 
often fatal form of the disease (“ALPS-
FASLG”) in children.6 The feline disease also 
shows similarities to the autosomal recessive 
“gld” mouse model for ALPS, where mice 
with homozygous FASLG mutations develop 
severe lymphoproliferative disease early in 
life.7 
 
As this case illustrates, the main gross and his-
tological differential diagnosis for FALPS is 
multicentric lymphoma, and early cases of 
FALPS were misdiagnosed as this. Cytology  

 
Figure 3-5. Lymph node, kitten. Nodal archi-
tecture is effaced by a proliferation of large 
lymphocytes with a single prominent nucleoli.  
(HE, 607X) 

 
 (not shown here) and histology of multiple 
enlarged lymph nodes in this kitten reveal a 
monomorphic population of large lympho-
cytes with a high mitotic rate. Lymphocytes 
efface or markedly distort normal nodal archi-
tecture and fill subcapsular sinuses. These fea-
tures are strongly suggestive of a neoplastic 
lymphoid proliferation. In most FALPS cases, 
as here, low numbers of randomly distributed 
plasma cells, macrophages and neutrophils 
also present in some node sections, while 
other cases show less complete effacement 
and more obvious retention of cortical archi-
tecture. Similar but less dramatic lymphopro-
liferation is also consistently seen within the 
spleen (as in this case), and more variably 
within the liver and gastrointestinal tract in 
kittens with FALPS. The majority of lympho-
cytes within lymph nodes and spleen typically 
show a CD3+ immunophenotype (consistent 
with T-cells), also suggesting (T-cell) lym-
phoma. Immunocytochemistry shows these 
lymphocytes to be an unusual population of 
“double negative T-cells” (CD3+/CD4-/CD8-
), also similar to those seen in people with 
ALPS.8 Mild erythrophagocytosis and ex-
tramedullary hematopoiesis, possibly second-
ary to hemolytic anemia, are also seen in the 
liver in this case; in other FALPS cases these 
histological features are more marked. The 
milder erythrophagocytosis and extramedul-
lary hematopoiesis in this case may be related 
to this kitten’s corticosteroid treatment prior to 
euthanasia; corticosteroids are the first-line of  
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Figure 3-6.  Spleen, kitten. Similar large 
lymphocytes efface the red pulp of the spleen. 
(HE, 240X) 

 
therapy in people to reduce the autoimmune 
manifestations of ALPS, including anemia.10 
 
Despite microscopic features suggesting T-
cell lymphoma in this kitten, PARR testing of 
lymph node samples showed a polyclonal 
non-neoplastic T-cell proliferation within 
lymph nodes and other lymphoid tissues, as is 
characteristic in FALPS-affected kittens. Sub-
sequent genetic testing also confirmed the 
presence of the homozygous FASLG muta-
tions now known to be associated with 
FALPS.3 Lymphoma should also be consid-
ered an unusual diagnosis in such a young kit-
ten (FALPS-affected kittens are usually less 
than 5 months of age), particularly where mul-
tiple related or sibling kittens are affected by 
the disease. Although lymphoma has been re-
ported in kittens as young as 9 weeks of age 
following experimental FeLV infection at 
birth,4 lymphoma in kittens under 6 months of 
age following natural infection appears very 
rare. FALPS should therefore be considered as 
a potential differential diagnosis in any BSH 
or BSH-cross kitten under 5 months of age 
with enlargement of multiple peripheral 
lymph nodes, especially where multiple re-
lated animals are affected by disease. 
 
 
Contributing Institution:  
Massey University  
School of Veterinary Science  
Private Bag 11 222  

Palmerston North 4442  
New Zealand 
 
JPC Diagnosis: 
Lymph nodes, spleen: Atypical lymphoid pro-
liferation, diffuse, severe.  
 
Liver: Extramedullary hematopoiesis, multi-
focal, mild to moderate.  
 
JPC Comment:   
In case you thought we lost our minds (we ha-
ven’t, but thanks for asking!) and put the same 
entity within the same conference as a separate 
case, you can be at ease. While this entity may 
look like lymphoma at first glance, the con-
tributor provides an excellent slide description 
and summary of FALPS and highlights how a 
good history and ancillary diagnostics are 
needed to recognize this entity and spot the 
differences. That the animal in this case was 
only 14 weeks old is important – we actually 
put this detail on the Conference Worksheet to 
help push participants away from lymphoma 
and open the door to thinking about other pos-
sible diagnoses. Although some conference 
participants listed FALPS as their associated 
condition for this case, other rule outs consid-
ered were myeloma and FELV-associated 
lymphoma though the expected time course of 
these neoplasms do not fit the age of the ani-
mal in this case well. The atypical lymphocyte 
morphology in this case is similar to the lym-
phocyte morphology in Case 1 with regards to 
size and chromatin patterns – that these cells 
were noted in the red and white pulp of the 
spleen and lymph node  led some participants 
to still favor lymphoma for this case. Although 
subtle, the low to moderate numbers of in-
flammatory cells in the background are not an 
expected feature of lymphoma the same way 
that they were in the intestine in Case 1. Nota-
bly, there are plasma cells and even numerous 
Mott cells that multiple conference partici-
pants pointed out. We ran IHCs for CD3, 
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CD20, PAX5, MUM1, and IBA1. Lympho-
cytes did not label with B-cell markers (PAX-
5 and CD20) consistent with the contributor’s 
assessment of CD3 reactivity for these cells of 
interest. IBA1 was not particularly helpful in 
this case as it labeled the normal existing pop-
ulation of histiocytes within the spleen, liver, 
and lymph nodes quite well. These findings al-
together highlight the validity of PARR to dis-
tinguish FALPS from lymphoma as noted by 
the contributor. 
 
The present entity circles back to general pa-
thology and apoptosis rather nicely. In the ex-
trinsic pathway of apoptosis, plasma mem-
brane receptors (so called ‘death receptors’) 
respond to changes in the extracellular envi-
ronment by trimerizing in response to ligand 
presentation.3,5,9  Examples of death receptors 
include members of the tumor necrosis factor 
superfamily (e.g.TNFR1) and FS-7-associated 
surface antigen (FasR) among others.5 After 
the ligand-receptor binding interaction, propa-
gation of this signal continues within the cell 
via continues via associated death domain pro-
teins (FADD/TRADD) which complex with 
pro caspase-8 to form a death induced signal-
ing complex (DISC).5,9 The net effect of this 
interaction is that the death domain protein 
serves to activate caspase 8 at an appropriate 
time and initiate a death cascade via down-
stream ‘executioner’ caspases with caspase 3 
being the most significant.  These caspases 
cleave nuclear and cytoplasmic proteins, lead-
ing to disintegration of the nucleus and disrup-
tion of the cytoskeleton during apoptosis.5 
Connecting these details back to the case at 
hand, Fas ligand is normally expressed on a 
variety of cells including T-lymphocytes – 
FasL therefore acts as brake of sorts on an ex-
cessive immune response. As the contributor 
points out, a frameshift mutation in the Fas-
ligand gene would be expected to disrupt FasL  

 
Figure 3-7. Lymph node kitten:  Neoplastic ce-
lls stain demonstrate strong diffuse cytoplas-
mic immunoreactivity for CD-3, a T-cell mar-
ker.)  (anti-CD3, 400X).  (Photo courtesy of:  
Massey University, School of Veterinary 
Science , Palmerston North, New Zealand). 

 
and FasR interaction and lead to a non-neo-
plastic accumulation of lymphocytes due to 
lack of downstream caspase activity and lack 
of apoptosis. Conference participants re-
marked about the presence of tingible body 
macrophages within lymphoid follicles in this 
case despite this mutation and felt that alter-
nate death receptors in the TNF superfamily 
might still be active and allow some lympho-
cytes to be sufficiently phosphorylated to acti-
vate downstream caspases. 
 
Finally, testing for this rare condition has ex-
panded in recent years. In Europe, commer-
cially available testing for FALPS is included 
with genetic screening for polycystic kidney 
disease and progressive retinal atrophy in Brit-
ish Short/Longhair cats via Laboklin. As the 
popularity of British Shorthair cats increases 
in the United States, demand for such testing 
may also follow. 
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CASE IV:  

Signalment:  
Cat (Felis vulgaris) – 5 months – female cas-
trated 
 
History: 
Presented with clinical complaints of vomit-
ing and lethargy. Huge amount of fluid in per-
itoneal cavity (ascites). No abnormalities 
found on echocardiac examination and blood 
examination. Laparascopy performed: suspi-
cion of encapsulating peritoneal sclerosis. 
Died at night. 
 
 

 
Figure 4-1.  Abdominal viscera, cat. The perito-
neum is diffusely thickened, resulting in an 
opaque appearance.  There is a fibrous adhe-
sion between multiple dilated loops of intes-
tine. (Photo courtesy of:  Department of 
Pathobiology, Pharmacology and Zoological 
Medicine, Faculty of Veterinary Medicine, 
University of Ghent, Salisburylaan 133, 9820 
Merelbeke, Belgium  
https://www.ugent.be/di/di05/nl)  
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Figure 4-2. Abdominal viscera, cat:  The thick-
ened peritoneum is visible over the liver cap-
sule. (Photo courtesy of:  Department of 
Pathobiology, Pharmacology and Zoological 
Medicine, Faculty of Veterinary Medicine, 
University of Ghent, Salisburylaan 133, 9820 
Merelbeke, Belgium  
https://www.ugent.be/di/di05/nl)  

 
Gross Pathology:  
Most peritoneal organs show an abnormal 
morphology and are surrounded by a thick, 
glistening, white layer of peritoneum (figure 1 
peritoneal organs in situ and figure 2 perito-
neal organs removed from body). 

• Small intestines are severely attached 
to each other. Duodenum shows a nor-
mal wall thickness but is moderately 
dilated. Jejunum shows a very tortuous 
appearance (figures 3 and 4), with a 
diffusely moderately to severely thick-
ened intestinal wall and a moderate 
amount of yellow, granular content. 
The rest of the small intestine does not 
contain any content.  

• Large intestine proximally shows the 
same appearance as the jejunum, more 
distally it has a normal appearance and 
contains a moderate amount of nor-
mally formed brown feces. Mucosa of 
all the intestinal segments is normal. 
There is no obvious mesentery visible.  

• Liver is small with ventrally enlarged 
rounded edges (figure 5). It has a dif-

fuse dark red black color with multifo-
cal sharply delineated linear grey 
strikes (fibrosis, figure 6).  

• Spleen is severely shrunken with ab-
sence of the normal architecture (fig-
ure 7). It is surrounded by a thick layer 
of connective tissue and fat (figure 8).  

 
Laboratory Results: 
Blood examination normal.  
 
Microscopic Description:  
Transections of multiple intestinal segments 
are present. All intestines are clustered to-
gether and surrounded by a diffusely severely 
thickened peritoneal layer, on top of their nor-
mal thin peritoneum. The thickened peritoneal 
layer contains large amounts of linearly ar-
ranged collagen fibers. The connective tissue 
differs in maturity dependent on the location. 
Multifocal areas have a  more mature appear-
ance with accumulation of amorphous eosino-
philic material, interspersed with small 
amounts of spindloid fibroblasts and densely 
packed connective tissue fibers, while other 
areas have a less mature appearance with a 
higher cellularity of more plump fibroblasts, a 
loose collagenous stroma, and moderate 
amounts of  
 

 
Figure 4-3. Intestine, cat. Multiple contiguous 
loops of intestine are submitted for examina-
tion.  (HE, 6X) 
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small tortuous blood vessels lined by plump 
endothelial cells (granulation tissue). Multifo-
cal there are areas with diffuse linear translu-
cency between the connective tissue fibers 
(edema). The inner part of the peritoneum 
shows multifocal mild mixed inflammation, 
mainly containing neutrophils and lympho-
cytes, and a mild to moderate amount of small 
tortuous blood vessels with plump endothelial 
cells. Mild to moderate lymphoplasmacytic 
inflammation is also seen in the tunica muscu-
laris, tunica submucosa and the lamina propria 
of the tunica mucosa.  
 
Trichrome Masson stain performed: severely 
thickened peritoneum  
 
Contributor’s Morphologic Diagnosis:  
Diffuse severe chronic encapsulating perito-
neal sclerosis of the intestines. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Contributor’s Comment:  
Sclerosing encapsulating peritonitis (SEP), 
also known as ‘encapsulating peritoneal scle-
rosis’, is a very rare disease described in hu-
mans as well as in animals. Up until 2022, it is 
described in only 13 canine cases10 and 2 fe-
line cases.6,8 It is characterized by a chronic, 
diffuse, fibrocollagenous thickening of parie-
tal and visceral peritoneum with secondary en-
capsulation of abdominal organs, mostly small 
intestines.1-11,13 In human medicine, it is clas-
sified into 4 different types depending on the 
extent of involved abdominal organs;2,4,7 type 
1 involves small intestines partially, type 2 in-
volves small intestines completely, type 3 in-
volves small intestines and other organs, such 
as stomach, cecum, colon, liver and/or ova-
ries, and type 4 involves the entire peritoneal 
cavity.  
 
Etiopathogenesis remains incompletely un-
derstood.1,2,7 SEP can be divided in primary, 

Figure 4-4.  Intestine, cat.  Loops of intestine are surrounded by variably dense bands of fibrous 
connective tissue (arrows)  (HE, 6X) 
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idiopathic forms and secondary forms, which 
can be caused by lots of different underlying 
disorders that cause chronic low-grade inflam-
mation of the peritoneum.1,2,8 In human medi-
cine, peritoneal dialysis is the most common 
one, while other possible causes are infectious 
peritonitis, administration of certain medica-
tions and intra-abdominal surgery.2-11,13  
 
SEP can give a wide variety of vague symp-
toms in humans, such as intermittent and re-
current, moderate to severe abdominal pain, 
caused by intestinal obstruction and necro-
sis.1,2,3,7,9,11,13 This is mostly in combination 
with a malnourished appearance, abdominal 
distention, palpable abdominal mass, nausea 
and vomiting.4,6,7,9,11,13. Common clinical 
symptoms in canine cases are also vague, and 
can include vomiting, diarrhea, soft feces, an-
orexia, depression or lethargy, enlarged abdo-
men and abdominal pain.1,3,5,6,10  Chronic 
cases can show moderate to severe low body 
condition and low muscle score,3,5,6 combined 
with symptoms specific for the underlying eti-
ology.6 Cats show similar symptoms as seen 
in dogs: anorexia, intermittent vomiting, rare 
diarrhea, weight loss, abdominal distention 
and sensitivity are all described.6,7 

 
SEP in humans and animals gives a very typi-
cal gross thick collagenous encapsulation of 
the small intestines with secondary adhesions 
between the intestinal loops, giving them a 
very tortuous and mass-like appearance in the 
central abdomen.1-3,5-7,9-11,13 Depending on the 
type of the disease, other organs can be addi-
tionally involved, such as stomach, cecum, co-
lon, liver or ovaries.2,7-9 In humans, an im-
portant consequence of SEP is intestinal ob-
struction with necrosis,1,2,4,6,13 something that 
is not described in dogs and cats.1,5,6 An expla-
nation for this lies in the very active fibrino-
lytic system of these species.  

 
Figure 4-5.  Intestine, cat.  In some areas, the 
fibrous tissue is immature, resembling granu-
lation tissue.  (HE, 97X) 

 
Ascites is seen typically in dogs, while it is not 
common in humans.1,3,5,6,10,11,13 
 
SEP causes very characteristic histopatholog-
ical lesions: visceral and parietal peritoneum 
have an uneven, diffusely, moderately to se-
verely thickened appearance.1,2,5-11,13 Differ-
ent layers can be seen in the thickened perito-
neum of animals. The deepest layer show ma-
ture collagenous connective tissue with 
densely packed collagen fibers, while the 
more superficial layers are built up of granu-
lation tissue, characterized by loose collagen-
ous stroma with presence of numerous fibro-
blasts, mixed with abundant, small, tortuous 
blood vessels lined by plump endothelium 
(neovascularization), and a mild mucinous 
deposition.5,6,8,11 Both in humans and animals, 
mild to moderate, mostly mononuclear, in-
flammation can be seen in the thickened peri-
toneum.4-6,8-11,13 

 
Diagnosis of SEP remains difficult due to its 
vague clinical symptoms, therefore in most of 
the cases, there is need for a combination of 
history, pre-existing predisposing factors, 
clinical symptoms and abdominal imaging be-
fore SEP will be suspected.7 For definitive di-
agnosis, surgery with histopathology is neces-
sary. 
 
Treatment is not easy, and both surgery, me-
dicinal therapy, nutritional support and treat-
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ment of underlying disorders are used. Sur-
gery mostly consists of adhesiolysis with ab-
lation of the fibrous capsule and intestinal ad-
hesions.1,2,6,9,13 It is very important to realize 
the dangers of these surgeries, and compli-
cated and fatal results are not uncommon.1,2,4 
Most commonly used medicines are cortico-
steroids, which work anti-inflammatory and 
immunosuppressive, and tamoxifen, which 
has an anti-fibrotic function.3,4,7-9,11,13  
 
Contributing Institution: 
Department of Pathobiology, Pharmacology 
and Zoological Medicine 
Faculty of Veterinary Medicine, University of 
Ghent 
Salisburylaan 133, 9820 Merelbeke, Belgium 
+3292647741 - 
Veterinaire.pathologie@ugent.be 
https://www.ugent.be/di/di05/nl  
 
JPC Diagnosis: 
Visceral peritoneum, small intestine: Fibrosis, 
diffuse, moderate with adhesions and scant 
granulation tissue.  
 
JPC Comment:   
Conference 2 concludes with a case of yet an-
other rare entity in a cat. While we suspect 
some readers may not know of this particular 
disease, we are confident that a good descrip-
tion of histologic features gets one pretty close 
(and the search engine of choice does the rest). 
The large bundles of immature collagen and 
granulation tissue that encircle the serosal tu-
nic (figures 4-4 and 4-5) and extend between 
loops of intestine is bizarre yet distinct.  For 
this case, we ran IHCs for desmin and smooth 
muscle actin (SMA) to delineate fibrosis from 
muscle as well as special stains (Masson’s tri-
chrome, Movat’s pentachrome) to highlight 
tissue architecture overall.  Both desmin and 
SMA are strongly cytoplasmically immunore-
active within the multiple (thick and thin) lay-
ers of  

 
Figure 4-6.  Intestine, cat.  A Masson’s tri-
chrome demonstrates a sheath of fibrous con-
nective tissue encircling multiple loops of 
bowel.  (Masson’s trichrome, 6X) 

 
smooth muscle that surrounds each loop of in-
testine, but the chromatic stains are particu-
larly helpful for appreciating the degree of fi-
brosis and adhesions between adjacent loops 
of bowel that are not simply a function of cut 
of the microtome (figures 4-7 and 4-8).  Gran-
ulation tissue in particular was largely imma-
ture collagen (non-polarizing) with fewer 
small caliber blood vessels, though this aspect 
may not be consistent between all cases of 
SEP. Dr. Williams emphasized that the sub-
mucosa of this cat, while fairly thick, was 
likely normal and it was easy to be fooled un-
less reading feline intestinal biopsies on a con-
sistent basis. 
 
A recent case report from Japan describes a 
rare successful treatment of SEP in a cat.12 In 
that particular case, clinical findings were 
somewhat similar to the ones described by the 
contributor, though the cat in conference was 
only 5 months old at the time of presentation 
vice being a mature adult as the cat in Japan 
was. As such, our case may reflect a primary 
idiopathic cause rather than a chronic inflam-
matory one. Notably, the cat from Japan also 
lacked ascites and was intestinally obstructed 
at the time of presentation. The treatment de-
scribed for the Japanese cat included multiple 
surgical adhesiolyses along with tapering 
courses of prednisolone. During 
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t 
Figure 4-7.  Intestine cat.  Higher magnification 
of the trichrome-stained fibrous connective tis-
sue expanding the visceral peritoneum.  (HE, 
100X)  
 
surgery, placement of a hyaluronate-carbox-
ymethylcellulose membrane around the intes- 
tine was intended to prevent recurrence of ad-
hesions. The authors reported that the cat was 
symptom-free over 3 years after the second 
surgery. Possible factors that they considered 
included prevention of fibrin deposition both 
chemically (via anti-inflammatory doses of 
steroids) and physically through the use of a 
bioresorbable barrier.12 From a general pathol-
ogy perspective, this multipronged attempt to 
thwart conversion of fibrin to collagen by de-
creasing synthesis and avenues for cross-link-
ing was successful in this case but may prove 
challenging in severe and/or advanced cases 
of SEP. 
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CASE I:   

 

Signalment:  

2-3 month old, intact male guinea pigs (Cavia 

porcellus) 

 

History:  

These guinea pigs were from a control group 

on study at a contract research organization. A 

nodule was found in the heart during post-life 

processing.  No clinical signs were noted prior 

to euthanasia. 

 

Gross Pathology:  

A poorly-demarcated, tan nodule expands the 

right or left ventricular free wall or the inter-

ventricular septum of the heart. 

 

Microscopic Description:  

The subendocardial muscle is regionally ef-

faced by expansile, well-circumscribed foci of 

atypical cardiac myocytes that are arranged in 

bundles and streams. Atypical cardiac myo-

cytes are plump polygonal and have distinct 

cell borders. These cells are markedly dis-

tended by clear vacuoles, pale eosinophilic 

granular material, and acidophilic bodies. Nu-

clei are round; have finely to coarsely stippled 

chromatin; frequently contain a single promi-

nent nucleolus; and are occasionally sur-

rounded by radiating, linear sarcoplasmic pro-

cesses (spider cells). The surrounding cardiac 

myofibers are minimally compressed.  Small 

numbers of mixed mononuclear cells multifo-

cally infiltrate the normal cardiac muscle.   

 
Figure 1-1. Heart, guinea pig. A longitudinal 
and a transverse section of the ventricles is 
submitted. (HE, 5X) 

 

Contributor’s Morphologic Diagnosis:  

Heart: Severe regional cardiac myofiber vacu-

olar degeneration and glycogen accumulation. 

 

Condition: Cardiac rhabdomyomatosis 
 

Contributor’s Comment: 

The pathogenesis of this condition is still de-

bated, though it is considered an incidental 

finding. Common features across veterinary 

species include the presence of PAS-positive 

material (interpreted as glycogen) within sar-

coplasmic vacuoles and the formation of spi-

der cells, which represent an artifact of glyco-

gen loss during histologic processing.4-10 

Some sources attribute this condition to a 

defect in glycogen storage or metabolism.3,9 

An association with hypovitaminosis C   
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 (scurvy) has been suggested in guinea pigs, 

but is not well-established.9 

 

Recent veterinary literature indicates that in 

swine, the abnormal myocytes contain ultra-

structural and immunohistochemical features 

of both postnatal cardiac myocytes and 

Purkinje cells. These characteristics, in con-

junction with the age predilection for juvenile 

animals, support the contention that this may 

represent a congenital dysplasia or a tumor 

arising from a pluripotent embryonic cell.3,12 

In humans, cardiac rhabdomyomas represent 

the most common primary pediatric cardiac 

neoplasm and, interestingly, are often associ-

ated with tuberous sclerosis complex.5  

 

Contributing Institution:  

Pathology Department 

Charles River Laboratories – Mattawan 

 

www.crl.com 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

JPC Diagnosis: 

Heart, myocardium: Glycogenosis, multifo-

cal, moderate.  

 

JPC Comment:   

This week’s moderator was Major Daniel 

Bland, Chief of Histology (Veterinary Pathol-

ogy) at the Walter Reed Army Institute of Re-

search (WRAIR) and his cases were anything 

but mundane. This first entity is a classic in the 

guinea pig, though as the contributor also 

notes there are occasional case reports in other 

species as well. Recently, there was a short re-

port of this condition in Göttingen Minipigs as 

well.1 Tissue identification and lesion recog-

nition was relatively simple for this case, so 

we focused on better characterizing the plump, 

atypical cardiac myocytes that the contributor 

so nicely describes/ Similar to the table pro-

vided, we ran IHCs and special stains for Pe-

riodic-Acid Schiff (with and without diastase), 

muscle specific actin, desmin, GFAP, IBA1, 

NSE, synaptophysin, and chromogranin. 

These atypical myocytes were  
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strongly PAS-positive within the cytoplasm, 

though this staining intensity was greatly di-

minished by treatment with diastase, con-

sistent with interpretation of these vacuoles as 

containing glycogen. Compared with normal 

cardiac myocytes, these atypical myocytes 

also had minimal cytoplasmic immunoreactiv-

ity for desmin and muscle specific actin. Chro-

mogranin and synaptophysin were im-

munonegative.  

 

Conference participants had a few interesting 

takeaways from this case. Foremost, there was 

the observation that the PAS section following 

diastase treatment was quite washed out. As 

Dr. Bruce Williams reminded participants, 

cells with increased glycogen content include 

hepatocytes, neurons, and cardiac/skeletal 

myocytes – it is hardly a surprise then that the 

staining profile of these cells should change 

with this glycogen content also being digested. 

Participants also debated how to best describe 

this condition, with the consensus falling on a 

moderate severity given the limited ancillary 

changes within the heart (i.e. degeneration and 

necrosis of adjacent myocytes). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

There are several other lesions to be aware of 

in the heart of guinea pigs which were not pre-

sent in this case. These include rare minerali-

zation of cardiac myocytes which may be ac-

companied by fibrosis and minimal mononu-

clear cell infiltration; alone this is typically 

subclinical.9 Additionally, the underlying 

cause for myocardial protein aggregates in pet 

guinea pigs has been described,11 with accu-

mulation of these alpha B crystallin (a small 

heat shock chaperone protein) being most 

common in the right ventricular free wall, 

though they may also be found within papil-

lary muscles within the left and right ventri-

cles of the heart as well. 
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Figure 1-2. Heart, guinea pig. A focally extensive area of swollen cardiomyocytes is present within 
the right ventricle subjacent to the endocardium. (HE, 36X) 
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CASE II:  

 

Signalment:  

Adult, male, Göttingen minipig, Sus scrofa 

domesticus 

 

 

Figure 1-3. Heart, guinea pig.  Cardiomyocytes are markedly expanded by glycogen forming “spider 

cells” (HE, 228X) 
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Figure 2-1. Kidney, Gottingen minipig.  One 
section of kidney is submitted for examina-
tion.  At subgross magnification, multifocal 
hemorrhage is present throughout the sec-
tion.  (HE, 4X) 

 

History:  

This source animal had an acute history of de-

creased activity, decreased appetite, and gen-

eralized orange-pink skin discoloration prior 

to initial test article administration. It was sub-

sequently discovered laterally recumbent with 

an intermittent, abnormal breathing pattern. 

Bloodwork was collected immediately prior to 

euthanasia. 

 

Gross Pathology:  

There were no significant gross lesions. 

 

Microscopic Description: 

In the kidneys, renal tubules in the cortex and 

extending into the medulla are diffusely, 

mildly to moderately dilated and filled with 

eosinophilic proteinaceous fluid or erythro-

cytes. Epithelial cells lining effected tubules 

are multifocally flattened with basophilic cy-

toplasm and frequently contain hypereosino-

philic, globular, cytoplasmic material. There 

are few scattered clusters of necrotic tubules 

within the cortex, characterized by hypereo-

sinophilia, loss of differential staining, and nu-

clear pyknosis of the tubular epithelium. Oc-

casionally, Bowman’s spaces are dilated and 

filled with similar eosinophilic fluid and hy-

pereosinophilic globular material which mod-

erately compresses glomerular tufts. There is 

moderate, multifocal expansion of the renal 

interstitium and peri-pelvic adipose tissue by 

abundant hemorrhage which surrounds and 

separates renal tubules and adipocytes. 

 

Contributor’s Morphologic Diagnosis: 

Kidney: Renal tubular hemorrhage and pro-

teinosis, diffuse, acute, severe, with rare tubu-

lar degeneration and necrosis and diffuse in-

terstitial hemorrhage  

 

Contributor’s Comment:  

Histologic lesions are compatible with hemor-

rhagic syndrome in Göttingen minipigs, also 

known as thrombocytopenic purpura syn-

drome (TP). Hemorrhagic syndrome has been 

previously described in Göttingen minipigs 

with thrombocytopenia as the underlying 

cause.1 Currently, the mechanism of the 

thrombocytopenia associated with hemor-

rhagic syndrome is unknown, but is thought to 

be secondary to an immune complex-associ-

ated disorder, specifically a type II-mediated 

thrombocytopenia and/or a type III-mediated 

vasculitis/glomerulonephritis.1,7 Animals be-

tween 7 weeks and 1 year have been reported 

as affected with no apparent hereditary etiol-

ogy.1,6 

 

Clinically, pigs suffering from hemorrhagic 

syndrome are typically anemic and severely 

thrombocytopenic (≤ 20,000/µl).1,6 Depend-

ing on the severity of the disease and the or-

gans affected, additional bloodwork abnor-

malities such as increased liver or renal values 

may be present, as in this case. Macroscopi-

cally, widespread hemorrhage is a key feature 

in hemorrhagic syndrome, including petechial 

to ecchymotic hemorrhages or hematomas 

most commonly observed in the skin, heart, 

urinary bladder, and kidney.7 While there were 

no discrete hemorrhages observed macroscop-

ically in this case, the generalized orange to 

pink skin discoloration and hyperbiliru-

binemia suggest that there was significant he-

molysis in this animal.  
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Microscopically, lesions of hemorrhagic syn-

drome consist of multifocal interstitial to mu-

cosal hemorrhages in multiple organs includ-

ing but not limited to the skin, kidney, bladder, 

intestine, pancreas, lymph nodes, lungs, and 

skeletal musculature.1,7 In the kidneys, mem-

branoproliferative glomerulonephritis is a 

common feature, characterized by thickening 

of glomerular basement membranes and an in-

crease in the number of mesangial cells within 

glomerular tufts.1,6 Degenerative and prolifer-

ative vascular lesions affecting small to me-

dium-sized muscular arteries and arterioles 

have also been reported in cases of hemor-

rhagic syndrome.6  Previously described vas-

cular lesions range from endothelial cell hy-

pertrophy and smooth muscle cell vacuolation 

to proliferation of the tunica intima, necrosis 

and thickening of the tunica media, and dis-

ruption of the internal elastic membrane.6 

These lesions can also be accompanied by 

lymphohistiocytic to neutrophilic periarteri-

tis.6 Vascular lesions are most commonly ob-

served in the heart and renal pelvis, but can 

found in other affected tissues.6  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Based on the rapid progression of clinical 

signs, lack of significant gross lesions and mi-

croscopic evidence of hemorrhage in the kid-

ney, this case is considered to represent a pera-

cute presentation of hemorrhagic syndrome in 

the Göttingen minipig. Certain histologic le-

sions typically observed in TP, such as hem-

orrhages in multiple organs and appreciable 

membranoproliferative changes in the kidney, 

were not present in this case, but may have de-

veloped later in the course of disease had this 

animal not been euthanized. The hypereosino-

philic, globular material observed in the cyto-

plasm and lumen of renal tubules has been 

previously reported in cases of hemorrhagic 

syndrome and, in those cases, was confirmed 

to be IgG, IgM or C1q with immunohisto-

chemistry, supporting an immune-mediated 

cause for the disease.1  

 

Some differentials to consider for hemor-

rhagic syndrome in Göttingen minipigs in-

clude other hemorrhagic disorders such as 

neo-natal alloimmune thrombocytopenia and 

von Willebrand disease (VWD). Neonatal al-

loimmune thrombocytopenia occurs in piglets  

Figure 2-2. Kidney, Gottingen minipig:  In this subcapsular field, there is multifocal acute hemor-

rhage, with tubular epithelial degeneration and necrosis.  (HE, 294X) 
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less than a week old and is associated with im-

mune-mediated platelet destruction by alloan-

tibodies produced in sow colostrum against fe-

tal platelet antigens inherited from the boar.2 

Von Willebrand disease is a dominant reces-

sive, hereditary bleeding disorder caused by a 

mutation in von Willebrand factor.5 Type 3 

VWD, the most severe form of the disease in 

which there is a near total absence of von Wil-

lebrand factor, has been previously reported in 

farm pigs and causes severe mucocutaneous 

and periarticular hemorrhage that can be fatal 

if not treated.5 While petechial to ecchymotic 

hemorrhages can occur virtually anywhere 

with hemorrhagic syndrome and may present 

similar to VWD grossly, VWD does not com-

monly cause visceral hemorrhages and has not 

been reported to cause membranoproliferative 

changes in the kidney. 

 

Contributing Institution:  

Charles River Laboratories, Mattawan, MI 

www.crl.com 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

JPC Diagnosis: 

Kidney: Hemorrhage, acute, multifocal to co-

alescing, marked with tubular degeneration, 

necrosis, regeneration, and proteinosis.  

 

JPC Comment:  

Case 2 ratchets up the pathology seasoning 

nicely, with our case discussion being particu-

larly spicy. In this case, the widespread hem-

orrhage within the renal interstitium is an ob-

vious feature, though the tubular changes 

should not be overlooked (Figures 2-2, 2-3, 

and 2-4). As this animal was euthanized and 

quickly necropsied, the cellular preservation 

of this section is excellent which negates the 

frustration of reading through autolytic 

changes. We agreed with the contributor that 

the hemorrhage noted fits with an acute inter-

pretation of this lesion, though some partici-

pants quibbled that a true ‘peracute’ lesion 

would have no supporting histologic features 

as the animal would succumb too quickly. 

This however was the easy part of the case dis-

cussion. 

 

 

Figure 2-3. Kidney, Gottingen minipig. Higher magnification of the field in Fig. 2-2, with tubular de-

generation and necrosis  (HE, 294X).   
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Interestingly, a number of conference partici-

pants also raised the question of whether there 

could be underlying chronic changes in this 

case which we catalog in detail. Participants 

felt strongly that thrombocytopenic purpura 

syndrome would likely have some supporting 

chronic changes given the pathogenesis the 

contributor describes. We last saw this entity 

in Conference 3 in 2023-2024, though there 

are some key differences to note. In last year’s 

case, we reviewed multiple sections from the 

ear that featured arteriosclerosis with modest 

arteritis and periarteritis, including thrombi in 

section. In this case, there are some small- and 

medium-caliber blood vessels near the renal 

pelvis/hilus (figure 2-1) that have medial hy-

pertrophy of the tunica media (‘onion-skin-

ning’) with endothelial hypertrophy. Addi-

tionally, some participants noted rare foci of 

basophilic renal tubular cells that were stacked 

and had mitotic figures (interpreted as regen-

eration) which would support a chronic inter-

pretation of this lesion. Within the collecting 

ducts, there are also multiple granular casts 

present which points towards a longer time  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

course in this case as well. We looked care-

fully for ancillary changes that would align 

with this interpretation and ran both PAS and 

JMS (Jones Methenamine Silver) to highlight 

the glomerular basement membrane as well as 

a Movat’s pentachrome to examine the wall of 

blood vessels. We agree with the contributor 

that there were no glomerular changes in this 

case to include thickening of the basement 

membrane, discontinuity or deposits within 

the membrane, or any glomerular synechiae in 

any of the sections examined. Movat’s stain 

did show discontinuity of both the inner and 

outer elastic lamina in select vessels which 

was not readily apparent on H&E section. 

Nonetheless, we struggled to find a good ex-

ample of vasculitis on our section as the lack 

of vascular change (vascular necrosis and/or 

surrounding inflammation) or obvious fibrin 

thrombi made it difficult to pin down the exact 

connection to the large degree of hemorrhage 

and subsequent tubular change in this animal. 

This could be related to thrombocytopenia, 

though we did wonder about the nature of the 

perimortem blood sample clotting and its rela-

tion to this case too. With these features in 

Figure 2-4. Kidney, Gottingen minipig. More tubular degeneration and necrosis within tubules.  

Numerous tubules contain abundant luminal protein.  (HE, 314X) 
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mind, we cautiously approached the morpho-

logical diagnosis for this case, and focused 

only on the features that we felt we had solid 

support for histologically. We thank the con-

tributor for submitting this case as it prompted 

a fruitful discussion here at the JPC. 

 

There are a number of potential rule outs for 

acute tubular injury and hemorrhage in swine. 

These include porcine circovirus (dermatitis 

and nephropathy syndrome), porcine respira-

tory and reproductive syndrome virus, classi-

cal swine fever, African swine fever, septice-

mia, and anticoagulant rodenticide ingestion.3 

For Göttingen minipigs, background renal le-

sions are fairly limited and mild, and did not 

confound interpretation of this case.4 
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CASE III:  

 

Signalment: 

17-year-old, intact female, rhesus macaque, 

Macaca mulatta, Non-human primate (NHP) 

 

History:  

This NHP was part of several animals who 

lived in a research colony in Texas for several 

years prior to being transported to Maryland. 

The animal had recently become very un-

thrifty with a very poor body condition. Due 

to a worsening condition, humane euthanasia 

was elected. 

 

Gross Pathology:  

The heart was diffusely enlarged up to 1.5 

times the normal size and bilaterally the ven-

tricular free walls were thin and flabby. The 

pericardium contained approximately 75 mL 

of serosanguineous fluid. In the left ventricle, 

there were multiple white nodules adhered to 

the endocardium. The serosal surfaces of the 

small and large intestines were reddened. The 

liver had a diffuse cobblestone appearance. 

The gallbladder was markedly enlarged up to 

three times normal. The splenic capsule had a 

diffusely nodular appearance. The right ad-

renal gland had a single, tan, 2 mm nodular le-

sion in the cortex. There was approximately 

50 mL of serosanguineous fluid in the thorax 

and 50 mL of similar fluid in the abdomen. 

 

Laboratory Results: 

Biochemistry profiles showed chronically ele-

vated liver and kidney values with low pro-

tein. Exact values were unavailable. PCR test-

ing on formalin-fixed cardiac tissue was posi-

tive for Trypanosoma cruzi.  
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Figure 3-1. Heart, macaque. One section of 
heart including the base of the left and right 
ventricle and the interventricular septum is 
submitted for examination (HE, 5X) 

 

Microscopic Description:   

Diffusely and transmurally affecting approxi-

mately 60% of the section, large numbers of 

inflammatory cells composed of macro-

phages, lymphocytes, plasma cells, and neu-

trophils with fibroblasts surround, infiltrate, 

and replace cardiomyocytes. Cardiomyocytes 

adjacent to these inflammatory cells are often 

degenerate characterized by swollen, pale and 

vacuolated sarcoplasm or are necrotic charac-

terized by hypereosinophilic sarcoplasm with 

loss of cross striations, and fragmentation of 

the nucleus with cellular and karyorrhectic de-

bris. Multifocally within cardiomyocytes are 

numerous pseudocysts measuring up to 40 um 

x 90 um which contain a plethora of 2-4 um 

protozoal amastigotes with a basophilic nu-

cleus and kinetoplast. Fibrin, hemorrhage, and 

edema is also present in these inflammatory 

regions. Present within the left ventricular lu-

men are multiple enmeshed clots adhered to 

the papillary muscles composed of fibrin, 

hemorrhage, edema, and similar inflammatory 

cells. 

 

Contributor’s Morphologic Diagnosis:  

Heart: Panmyocarditis, histiocytic and lym-

phoplasmacytic, chronic, diffuse, severe, with 

myocardial degeneration, necrosis, and loss, 

and intramyocytic protozoal amastigotes, rhe-

sus macaque, non-human primate. 

 

Contributor’s Comment: 

The histopathologic findings and PCR test re-

sults are diagnostic for cardiac trypanosomia-

sis caused by Trypanosoma cruzi. T. cruzi is 

the causative agent for Chagas disease, other-

wise known as American trypanosomiasis. 

Trypanosomes are hemoflagellate protozoans 

known to infect humans and a variety of do-

mestic and wild animals throughout North and 

South America. In the southern United States, 

opossums, raccoons, and armadillos serve as 

the primary reservoir hosts.1,3,5,7 

 

T. cruzi is most commonly spread through 

stercorarian transmission when its vector, the 

triatomine bug (also called the reduviid or 

kissing bug), defecates or urinates trypo-

mastigotes of T. cruzi at the site of a recent 

blood feeding. Trypomastigotes from the fe-

ces or urine enter the wound and disseminate 

hematogenously to cardiomyocytes. Trypo-

mastigotes invade cardiomyocytes where they 

develop within the sarcoplasm into 

amastigotes within a pseudocyst. After repli-

cation, the amastigotes mature into trypo-

mastigotes, rupture the host cell, and re-enter 

systemic circulation. This infective form is 

then ingested by a triatomine bug during a 

blood feeding where it transforms into an epi-

mastigote in the insect’s gut and replicates 

through binary fission while awaiting the cy-

cle to begin anew.1,3,5,7,8  While the heart is the 

primary organ affected, amastigotes have also 

been identified in several other organs.3 In this 

case, a pseudocyst was also identified in the 

diaphragm. Additional documented forms of 

transmission include oral ingestion of the vec-

tor or contaminated feces, transplacental and 

transmammary transmission, blood transfu-

sions, and organ transplantation.1,5,8 

 

Classic clinical and pathologic findings follow 

a pattern of cardiac disease. In the acute phase,   
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cardiac arrhythmias, sudden collapse, or even 

death, weak pulses, and signs of respiratory 

distress can all be expected. Animals that sur-

vive the acute phase can anticipate develop-

ing chronic heart disease. Cardiac dilatation 

is common as are more frequent cardiac ar-

rhythmias and clinical signs consistent with 

unilateral or bilateral heart failure.3 

 

Cytology of blood smears during the acute 

phase can be used to identify trypomastigotes 

present in the systemic circulation. In the 

chronic phase when parasitemia is lower, a 

thick-film buffy coat smear should be used to 

increase the concentration of the organisms. 

Lymph node aspirates and cytologic analysis 

of abdominal effusion has also been docu-

mented to identify T. cruzi. Serologic and 

molecular testing has also been useful in pre-

mortem diagnosis.5  

 

Post-mortem findings will vary depending on 

if the animal died during the acute or chronic 

phase of infection. Lesions from death during 

the acute phase include a pale myocardium 

with hemorrhages in the subendocardial and  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

subepicardial surfaces. Right-sided heart le-

sions are often more severe than the left side. 

Generalized lymphadenopathy has also been 

reported.  Chronically infected animals often 

present with generalized cardiomegaly with 

thinning of the ventricular free walls and a se-

rosanguineous fluid in the pericardial, pleural, 

and abdominal cavities. Microscopic findings 

include multifocal to diffuse histiocytic to 

lymphoplasmacytic myocarditis with varying 

stages of cardiomyocyte degeneration and ne-

crosis with fibrosis. The presence of intracar-

diomyocytic amastigotes is a very helpful but 

can be difficult to find especially in chronic 

cases.1,5  

 

A recent study documenting the histologic 

findings of T. cruzi in domestic cats docu-

mented lymphoplasmacytic myocarditis with 

fibrosis in 42.1% of seropositive cats com-

pared to 28.6% of seronegative cats. In the 

same study, PCR for T. cruzi was performed 

on a variety of tissues from seropositive and 

seronegative cats. PCR-positive tissues in-

cluded heart, biceps femoris muscle, sciatic 

nerve, esophagus, and mesentery.8 Although  

Figure 3-2. Heart, macaque. Multifocally throughout the section, there are large aggregates of macro-

phages, lymphocytes, and plasma cells with surround, separate and replace cardiomyocytes. (HE, 118X) 
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CNS disease is considered an uncommon 

manifestation of T. cruzi infection in non-hu-

man mammals, disseminated trypanosomiasis 

with central nervous system (CNS) involve-

ment was recently reported in four dogs, with 

CNS involvement confirmed by quantitative 

PCR. Lymphohistiocytic myocarditis and his-

tiocytic meningoencephalitis with rare to nu-

merous intralesional and intracellular 

amastigotes were reported in all 4 dogs, while 

gross lesions within the CNS were observed in 

2/4 dogs.3 

 

Contributing Institution:  

Walter Reed Army Institute of Research; De-

partment of Pathology; 

https://www.wrair.army.mil/ 

 

JPC Diagnosis: 

Heart: Pancarditis, lymphoplasmacytic and 

histiocytic, chronic, multifocal to coalescing, 

marked, with fibrosis and numerous intrmyo-

cytic amastogotes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

JPC Comment: 

At first glance, this section of heart is nonde-

script save for the random, coalescing regions 

of basophilia (Figure 3-1) that represent the 

inflammatory cells in the myocardium that 

the contributor describes. On higher magnifi-

cation however, there are a plethora of 

changes occurring in this case that provide 

some zest to the pathology palate. To wit, we 

ran special stains (Giemsa, PTAH, Masson’s 

trichrome) for this case and they did not dis-

appoint. The degree of fibrosis in this case is 

not surprising given the loss of cardiac myo-

cytes secondary to both rupture of 

amastigote-laden cells and the marked in-

flammatory response (figures 3-2 and 3-3), 

though cardiac fibrosis can also be a back-

ground lesion in aged macaques. In this case, 

trypanosomal amastigotes were obvious on 

H&E, though they were also highlighted met-

achromatically by Giemsa with the kineto-

plasts being a sharp red against the medium 

blue background. We also ran a modified 

Figure 3-3. Heart, macaque. Occasionally cardiomyocytes contain a large cytoplasmic pseudocyst 
containing numerous 2-3um round trypanosomal amastigotes with a central nucleus and poorly 
discernable kinetoplasts. (HE, 727X) 
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Gram stain (Brown-Brenn, Brown-Hopps) 

and fungal stains (GMS, PAS Light Green) 

which did not identify any concurrent infec-

tions in this animal. Although tinctorially 

similar to the myofibers, there are also two fi-

brin thrombi nestled within the ventricle as 

the contributor points out. Conference partic-

ipants overall liked the quality of this slide 

and the descriptive features as they felt they 

were rewarding to discuss. 

 

Natural infection of non-human primates 

with Chagas disease has been described in 

the veterinary literature previously. 2,4,6 

Given the preponderance of primate facilities 

in Texas similar to where the animal in this 

case originated, discussion of trypanosomia-

sis and its impacts on medical research re-

mains relevant. A similar case of trypanoso-

mal myocarditis in a rhesus macaque was 

previously covered in Conference 17, Case 2, 

2013-2014. 

 

Finally, another important rule out for this 

case is leishmaniasis which appears nearly 

identically to trypanosomes histologically. In 

theory, the orientation of the kinetoplast (par-

allel to the nucleus for trypanosomes, perpen-

dicular for Leishmania) might help to dis-

criminate these entities, though PCR is pref-

erable if available. The advancing range of 

reduviid bugs has implications on animal and 

human health that are not lost on us at the 

JPC. Given that the Department of Defense’s 

Military Working Dog Program is anchored 

in San Antonio, Texas6, we see several cases 

of canine trypanosomiasis each year when 

such cases were rarer previously. Given 

worldwide deployment of Military Working 

Dogs, discerning T. cruzi infection against 

other agents remains an important task.  
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Figure 4-1. Oral cavity, rhesus macaque.   A 4 x 
2 cm mass extends from the caudal aspect of 
the hard palate into the soft palate and phar-
ynx (arrow).  The mass was soft with an irreg-
ular surface that was mottled light and dark 
gray. (Photo courtesy of:  NIH, 9000 Rockville 
Pike, Building 28A, Room 117, Bethesda, MD 
20892) 

 

CASE IV:  

Signalment:  

18 year-old, male, rhesus macaque, Macaca 

mulatta  

 

History: 

During a physical examination, a mass was 

found at the back of the mouth and was biop-

sied. A week later, based on the biopsy result, 

the monkey was euthanized. 

 

Gross Pathology:  

A 4 x 2 cm mass extended from the caudal as-

pect of the hard palate into the soft palate and 

pharynx.  The mass was soft with an irregular 

surface that was mottled light and dark gray.  

The draining lymph nodes appeared to be en-

larged. Photo of fixed tissue: arrows delineate 

the extension of the mass from the ulcerated 

hard palate into the pharynx. 

The liver was markedly enlarged and diffusely 

pink and had a white texture on cut section.  

Along the apical margins of the liver were 

white well demarcated firm foci that also were 

waxy in texture.  Lungs, heart, spleen, kidneys 

and GI were grossly normal. 

 

Microscopic Description:  

Moderately pleomorphic neoplastic cells ex-

panded the submucosa and extended to the cut 

edges of the sections. The cells were round to 

oval to stellate and ranged in size from 15-

50um. Nuclei were round to oval and had 

prominent nucleoli. Cells had abundant wispy 

cytoplasm with small vesicles and a few had 

faint brown pigment granules. Mitoses aver-

aged 2/HPF although some fields had as many 

as 5 mitotic figures. Some of the mitoses had 

an unusual appearance. In addition, hyphae 

consistent with candida and bacterial cocci 

were present in ulcerated areas [not present in 

all slides] 

 

Submandibular lymph nodes were largely ef-

faced by similar cells.  A section of lung had 

microscopic metastasis.  

 

Liver: The liver had severe amyloidosis with 

tumorous deposits at the apical margins. 

Heart, spleen, kidney and salivary glands were 

normal. 

 

Special stains:  

Fontana-Masson: biopsy, tumor, and lymph 

node had scattered positive cells.  

Giemsa: (-) 

 

Immunohistochemistry:  

S-100, SOX-10, Melan A, PNL, HM45: (+) 

Cytokeratin AE1/AE3: (-) 

 

TEM: One percent of the tumor cells were 

positive for melanin and `contained 1 to 50 

granules. All four stages of melanin granules 

were present with stages 3 and 4 predominat-

ing. The enclosed image shows all four stages. 
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Figure 4-2. Oral cavity, rhesus macaque.  A su-
perficial section of the mass is submitted for 
examination.  Neoplastic cells efface the lam-
ina propria and extend to the overlying muco-
sal epithelium.   (HE, 9X) 

 

Contributor’s Morphologic Diagnosis:  

Amelanotic melanoma 

 

Contributor’s Comment:  

Melanocytes arise from neural crest cells and 

reside not only in the basal cells of the epider-

mis and hair follicles, but also the eyes and 

meninges. Melanin synthesis occurs in mela-

nosomes, lysosome-like organelles in melano-

cytes. Two major melanin pigments synthe-

sized are pheomelanin (red/yellow in color) 

and eumelanin (brown/black). Both pigments 

arise from L-tyrosine which, when acted upon 

by tyrosinase, leads to DOPA (dihydroxy-

phenylalanine) formation. Production of 

DOPA from L-tyrosine is the rate limiting step 

in melanogenesis.3 Oxidation and polymeriza-

tion of DOPA leads to the formation of 

pheomelanin. Further enzymatic action by ty-

rosinases produces eumelanin. The percentage 

of eumelanin and pheomelanin determines the 

color of the skin/hair.3,5 

Packaging of melanin into melanosomes oc-

curs in four identifiable stages as seen by elec-

tron microscopy. Early melanosome stages I 

and II do not contain melanin but fibers 

formed during these stages give melanosomes 

their ovoid shape. Deposition of melanin be-

gins in stage III and completely fills the mela-

nosome in stage IV melanosomes.5 Once 

formed, melanosomes are transferred to 

keratinocytes and are moved into the supranu-

clear area to form melanin caps which protect 

nuclei against UV damage. Melanin degrades 

as keratinocytes undergo squamous matura-

tion.3,5 

 

Melanoma is called the “great imitator” as the 

cells can have epithelioid, spindloid, clear, 

signet ring–like, myxoid, desmoplastic, 

rhabdoid, ballooning, and plasmacytoid 

forms.7,9,10 Additional features of melanoma 

include high mitotic rate, unusual morphology 

of mitotic figures and the presence of junc-

tional change by neoplastic cells.6,12 

 

Some common stains used for diagnosis are 

Fontana-Masson which stains melanin gran-

ules brown in tumors that have little pigmen-

tation. Bleach clears melanin in deeply pig-

mented tumors to examine the morphology of 

the cells. Giemsa is another stain to rule out 

mast cell tumors 

 

Since melanomas, and other pigmented 

masses, may express more than one marker 

and immunohistochemistry can stain more 

than one cell type, including non-neoplastic 

cells, “cocktails” of markers are used to make 

diagnoses, identify micrometastases in senti-

nel lymph nodes, determine prognosis, and de-

velop treatment strategies.2,3,7 Specific mark-

ers include: 

 

 
Figure 4-3. Oral cavity, rhesus macaque.   Ne-
oplastic round cells are arranged in sheets (HE, 
91X) 
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Cytokeratin: expressed in epithelial origin tu-

mors. 

 

S-100: is expressed in all subtypes of mela-

noma and identifies cells derived from the 

neural crest.7 S-100 may also be expressed in 

other tumors. 

Melan-A: (aka melanoma-associated antigen 

recognized by T cells) plays an important role 

in the formation of stage II melanosomes 

which have structural proteins.2,7 

 

MITF: (microphthalmia-associated transcrip-

tion factor) is the central regulator of melano-

genesis. It is essential for melanocyte develop-

ment and regulates genes for melanogenesis, 

cell survival, and differentiation.3,7 MITF 

stain is sensitive but not specific. It is used as 

part of a cocktail because the staining pattern 

is nuclear and most other stains are cytoplas-

mic.3,7 

 

HMB-45: (human melanoma black) is associ-

ated with the structural organization of mela-

nosomes and with the fibrillar matrix and the 

maturation in stages I to II melanocytes.7  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SOX10: (sry-related HMg-box gene10) is a 

nuclear transcription factor that regulates the 

differentiation of neural crest progenitor cells 

into melanoblasts and melanocytes.3,7  

 

A pigmented, perioral melanoma with metas-

tases to the lymph nodes, lung, liver, and kid-

ney has been reported in a mountain gorilla.4 

Oral melanoma has not been reported in ma-

caques and reports of melanoma involving 

other sites are rare. There is one report of mel-

anoma in the choroid with no metastases in a 

cynomolgus macaque1 and one report of cuta-

neous melanoma with metastases to local 

lymph nodes, also in a cynomolgus macaque.8 

 

In humans, melanoma can be separated into 

three categories based on the amount of sun 

exposure: high cumulative sun damage, low 

cumulative sun damage and sun protected. 

Sun protected areas are further divided into 

acral (i.e. palms of the hands, soles of the feet, 

and the nails), mucosal/genital, uveal and 

CNS. The type and number of mutations can 

vary based on the location of the primary tu-

mor.2,13 

 

Figure 4-4.  Oral cavity, rhesus macaque. Neoplastic cells have round nuclei with prominent nucle-

oli and few cells contain cytoplasmic melanin (arrow).  (HE, 581X)   
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While the incidence of cutaneous melanoma 

has increased over the last 50 years, the inci-

dence of mucosal melanoma has remained 

fairly constant.2,13 Mucosal membrane mela-

nomas are rare and are more aggressive with a 

less favorable outcome compared to cutaneous 

melanomas. The low survival rate is due to 

lack of clinical signs and the likelihood that 

melanoma has already spread to local lymph 

nodes at the time of diagnosis.2,9,12 In addition 

to local lymph nodes, melanoma tends to me-

tastasize to the lungs and liver.2,13  

 

Malignant melanoma has been reported to de-

velop in a variety of mammalian and nonmam-

malian species including dog, rabbit14, shark, 

parrot, pig and monkey.2,13 In the dog, malig-

nant melanoma is the most common oral tu-

mor9, is locally aggressive and tends to metas-

tasize to local lymph nodes and lung.9,10 

Breeds that are more likely to develop oral  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

melanoma are Poodle, Golden and Labrador 

retrievers, Rottweilers and Yorkshire terriers.9 

 

Some aspects of canine oral melanoma are 

similar to humans. In both, the etiology is un-

known, clinical course is aggressive and defin-

itive treatment for oral melanoma is lacking.2,9 

The appearance of the neoplastic cells is vari-

able and combinations of immunohistochem-

istry markers are used to diagnose the subtype 

of melanoma more definitively.7,9 For exam-

ple, a cocktail of Melan-A, PNL2, TRP-1(ty-

rosinase related protein-1), and TRP-2 (tyrosi-

nase related protein-2) has been found to be 

useful in the diagnosis of amelanotic mela-

noma in dogs.10  

 

Treatment may include surgical excision, ra-

diotherapy, and chemotherapy but none have 

been particularly effective as the behavior of 

oral melanoma differs from that of cutaneous 

Figure 4-5.  Oral cavity, rhesus macaque.   Neoplastic melanocytes demonstrate multiple stages of 

melanosomes, ranging from Stage 1 (lightest) to Stage 4 (darkest).  (TEM, 5000k)   
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melanoma.2,9 Immunotherapy with checkpoint 

inhibitors that allow T-cells to become acti-

vated against tumor cells has been successful 

in treating cutaneous melanoma in man, but 

less so for oral melanoma.2 In dogs, the poten-

tial of identifying checkpoint inhibitors and 

developing immunotherapy is being ex-

plored.9,11 

 

Contributing Institution: 

NIH 

9000 Rockville Pike 

Building 28A, Room 117 

Bethesda, MD 20892 

 

JPC Diagnosis: 

Oral cavity: Melanoma.  

Oral mucosa: Stomatitis, ulcerative, focally 

extensive, marked with numerous yeast, pseu-

dohyphae, hyphae, and cocci.  

 

JPC Comment:   

We repeated the same list of IHC and special 

stains outlined by the contributor and got 

nearly identical results. In particular, neo-

plastic cells were strongly and diffusely im-

munoreactive for PNL2, Melan-A Red, and 

SOX10, though they did not react with HMB-

45 which may reflect a difference in lab assay 

performance. With our Fontana-Masson stain 

applied, approximately 5-10% of neoplastic 

cells have intracytoplasmic black granules 

(melanin) which is also evident on H&E to a 

lesser extent (figure 4-4). Conference partici-

pants felt that these results were consistent 

with the diagnosis of a melanoma but felt that 

there were enough granules evident on H&E 

alone to forgo the ‘amelanotic’ label. The ex-

act cutline for having little melanin present 

may vary per pathologist and many hypopig-

mented lesions probably fall into the 

amelanotic camp. At the JPC, we typically 

withhold the qualifier of ‘amelanotic’ for 

cases that have no discernable melanin on 

H&E. To our knowledge, published reports of 

oral melanoma in the non-human primate re-

main rare in line with what the contributor 

notes. 

 

The inclusion of electron microscopy in this 

case workup is a welcome addition (figure 4-

5). Recognizing melanosomes on EM is help-

ful as they characteristically have an oblong 

shape that Dr. Bruce Williams swears looks 

like a watermelon (or perhaps a football) in 

second of the four phases of melanin synthesis 

that contributor highlights. 

 

In addition, conference participants honed in 

on a second aspect of this case that the con-

tributor may have curtailed given the lengthy 

write up on melanoma they provided. In the 

bottom left (approximately 8 o’clock on figure 

4-2), the oral mucosa is ulcerated, edematous, 

and has several small blood vessels with clear 

indications of vasculitis. Immediately adja-

cent, there are numerous fungal mats that con-

tain yeast, pseudohyphae, and hyphae as well 

as colonies of cocci. Participants felt that these 

changes were consistent with ulcerative sto-

matitis secondary to Candida. In the history 

provided for this case, there was no mention 

of immunosuppression (i.e. SHIV infection) 

or antibiotic use though both of these are rea-

sonable differentials for this lesion alone. Af-

ter careful discussion, we added a second mor-

phologic diagnosis for this case (a rarity for 

neoplasms) as we felt that this process was not 

directly connected to the melanoma in this 

case given the lack of junctional activity and 

condition of the remaining portion of the oral 

mucosa. Lastly, tissue ID for this case was 

aided by the presence of plant material (food) 

in section, though other similar tissues with 

stratified epithelium in a primate include the 

vagina and sex skin. 
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                  WEDNESDAY SLIDE  
                 CONFERENCE 2024-2025  

 
Conference #4                            04 September 2024 

 
CASE I:   
 
Signalment:  
4.5 month old, 27 kg neutered male pig (Sus 
scrofa domesticus). 
 
History:  
This pig arrived from a facility that had an out-
break of Staphylococcus hyicus, with several 
animals arriving with small lesions on the 
pinna, or developing lesions after arrival. Le-
sions progressed the longer the animals were 
housed in our facility. 
 
Gross Pathology:  
There is multifocal, regionally extensive ero-
sion, erythema, and crusting affecting the 
head, pinna, the lateral left leg, and the lateral 
rump. There is moderate exudation and hypo-
trichosis in affected areas, with mild lichenifi-
cation and fissures in the most severely af-
fected regions. 
 
Laboratory Results: 
Gram stains show numerous colonies of gram 
positive cocci and gram negative bacilli within 
crusts, and extending into follicles. 
 
Microscopic Description:  
Haired skin, pinna and unspecified site: Af-
fecting approximately 90% of the section, 
there is marked parakeratotic hyperkeratosis, 
with multifocal intracorneal pustules com-
posed of necrotic cellular debris, necrotic neu-
trophils, and often individual to colonies of 1  

 
Figure 1-1. Haired skin, pig.  There is multifocal 
to coalescing areas of erythema and crusting 
on the face, neck and pinna.  (Photo courtesy 
of:  Walter Reed Army Institute of Research, 
Department of Pathology, 
https://www.wrair.army.mil/) 

 
um diameter basophilic cocci. There is multi-
focal elevation of the necrotic debris, forming 
a serocellular crust. There is multifocal ulcer-
ation, with necrosis of both the epidermis and 
subjacent dermis. Within the hyperplastic stra-
tum corneum are also multifocal lakes of se-
rum, transmigrating neutrophils, and degener-
ating and necrotic keratinocytes. Subjacent to 
the stratum corneum, there is marked acan-
thosis, with prominent intercellular and intra-
cellular edema, and deep anastomosing rete 
ridges extending to the mid dermis. Follicles 
are multifocally dilated with luminal neutro-
philic debris admixed with cocci adherent to 
the inner follicular epithelium. Within the der-
mis, there are perivascular to superficial histi 
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Figure 1-2. Haired skin, pig.  There is multifocal 
to coalescing areas of erythema and crusting 
on the lateral left leg (left images) and lateral 
rump (images at right).  (Photo courtesy of:  
Walter Reed Army Institute of Research, De-
partment of Pathology, 
https://www.wrair.army.mil/) 

 
ocytic and eosinophilic infiltrates, fewer lym-
phocytes and plasma cells, and mildly in-
creased white space between bundles of colla-
gen (edema). Multifocal lymphatics are ec-
tatic, and apocrine glands are ectatic with at-
tenuated epithelium. 
 
Brown and Brenn stain: There are individual 
and colonies of gram positive cocci within the 
serocellular crusts, stratum corneum, and ad-
herent to luminal follicular epithelium. There 
are also gram negative bacilli admixed with 
gram positive cocci. 
 
Contributor’s Morphologic Diagnosis:  
1. Haired skin, multiple locations including 

ear: Epidermitis, exudative and prolifera-
tive, diffuse, severe, with intracorneal pus-
tules, rare ulceration, mild chronic active 
superficial dermatitis, and intracorneal 
cocci, breed not specified, swine. 

2. (Not submitted) Lymph nodes, multiple: 
No significant findings.  

 
Contributor’s Comment: 
Exudative epidermitis, or “greasy-pig dis-
ease”, primarily affects 5-35 day old piglets 
and is caused by Staphylococcus hyicus. The 
condition is also known as impetigo conta-
giosa suis, and seborrhea oleosa, and is occa-
sionally caused by Staphylococcus chromo-
genes or Staphylococcus sciuri.6 While this 
disease can have high morbidity and variable 

mortality, this is considered an important dis-
ease due to economic loss.6 The bacterium is 
considered a commensal organism that sur-
vives on the skin and within hair follicles, 
most often not causing disease. However, with 
compromise to immune function from envi-
ronmental stressors like overcrowding, 
transport, poor husbandry, an individual ani-
mal’s susceptibility to this disease may in-
crease.8 If not strictly required, it is currently 
thought that damage to the epidermis from 
fighting, abrasions from housing, ectoparasit-
ism, or concurrent vesicular disease allows en-
try of S. hyicus for colonization.2 
 
The disease is classically categorized into 
three different presentations. In the acute 
form, lesions around the eyes, snout, chin, and 
ears appear rapidly, then spread to the medial 
aspect of the legs, thorax, abdomen, and coro-
nets. As the stratum corneum of affected re-
gions peels away, moist underlying epidermis 
and dermis are replaced by greasy, dark brown 
exudate. In the subacute form, the progression 
of disease is slower, resulting in thick, wrin-
kled skin that eventually shows a generalized 
furrowed appearance. The chronic form af-
fects older piglets, with milder disease, usu- 
 

 
Figure 1-3. Haired skin, pig. Two sections of 
haired skin are submitted for examination.  At 
this magnification, there is mild diffuse hyper-
keratosis and crusting which at the section of 
bottom, are often detached as a result of pro-
cessing. (HE, 5X) 
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ally erythema and waxy brown crusts confined 
to the head and ears. Older piglets often sur-
vive the disease but may have stunted growth.6 
 
The most important virulence factors identi-
fied to date include a number of exfoliative 
toxins, ExhA, ExhB, ExhC, ExhD, SHETA, and 
SHETB. The Exh family toxins digest 
desmoglein-1 in the epidermis, affecting the 
effectiveness of desmosomes.6 There are also 
a number of fibronectin-binding proteins on 
the surface of the bacteria that allow for adhe-
sion to fibronectin in collagen, fibrin, and hep-
aran sulfate proteoglycans found in the skin. 
Once the bacteria are established in the der-
mis, the infection often spreads to hair folli-
cles, causing suppurative dermatitis with seba-
ceous gland hyperplasia and increased secre-
tion (i.e. the “greasy” aspect of the disease).7 
 
Lesions usually progress to exudative derma-
titis starting in the groin, axillae, caudal auric-
ular, and traumatized areas. Haired areas are 
more often affected, but lesions may also arise 
on the tongue and oral mucosa.2 While not 
specific for the disease, a number of histologic 
features would support the diagnosis, such as 
subcorneal vesicular to pustular dermatitis, 
purulent luminal folliculitis, variable acan-
thosis with elongated rete ridges, intracellular 
edema of the stratum spinosum, and or-
thokeratotic and parakeratotic crusts with 
lakes of serum, accumulations of neutrophils, 
debris, and colonies of gram-positive cocci.6 

 
The virulence and antibiotic resistance of S. 
hyicus continues to change as a function of its 
environment. A comparison of isolates from 
Brazilian swine herds in the 1980’s and 2012 
highlights significant shifts of ExhA and ExhB 
expression, as well as different antibiotic re-
sistance profiles.7 As antimicrobial peptides 
are investigated to combat increasing antibi-
otic resistance to macrolides, B-lactams, tetra-
cycline, sulfonamides, and streptomycin, 
some compounds such as lactoferricin (Lfcin)  

 
Figure 1-4. Haired skin, pig. Two sections of 
haired skin are submitted for examination.  At 
this magnification, there is mild diffuse hyper-
keratosis and crusting which at the section of 
bottom, are often detached as a result of pro-
cessing. (HE, 5x) 

 
have recently shown effectiveness in treating 
S. hyicus in a mouse model. Lfcin disrupts the 
bacterial cell wall and was effective in reduc-
ing both the bacterial load and levels of pro-
inflammatory cytokines TNF-a, IL-6, and IL-
1B.4 Other biologics with efficacy have been 
recently investigated as well, such as the in-
sect defensin DLP4 from Hermetia illucens 
(black soldier fly),5 fungal defensin NZL from 
Pseudoplectania nigrella,3 and Siphoviridae-
like bacteriophages.9 
 
Contributing Institution:  
Walter Reed Army Institute of Research 
Department of Pathology 
https://www.wrair.army.mil/ 
 
JPC Diagnosis: 
Haired skin: Epidermitis and folliculitis, sup-
purative, subacute, diffuse, severe, with mul-
tifocal ulceration, pustules, and intracorneal 
cocci.  
 
JPC Comment:   
The moderator for this week’s conference 
was Major Kelsey Fiddes who serves as the 
Chief of Resident Training at the JPC. Each 
year, conference 4 is the annual rite of pas-
sage for our new first-year residents, present-
ing their first WSC case. This first case is a 
classic entity that we have covered in WSC 
before (Case 1, Conference 9, 2008-2009 and  
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Figure 1-5. Haired, skin, pig. The hyperkerato-
sis and pustule formation extends down into 
the follicular ostia. (HE, 99X) 

 
Case 3, Conference 8, 2009-2010) and the 
supplied section supplied is  diagnostically 
rewarding.   
 
As the contributor notes, the sebaceous gland 
hyperplasia elicited by S. hyicus may be the 
most visually obvious clue of this disease 
grossly, but there are several histologic fea-
tures that should not be overlooked (Figures 
1-4 and 1-5). In particular, the changes within 
the follicular infundibulum spanning the lu-
men and wall led us to include folliculitis 
with our morphologic diagnosis.  In addition, 
the morphologic diagnosis focuses on epider-
mal changes, as the underlying dermis lacks 
significant changes. Gram stains (not particu-
larly necessary in this case) highlight cocci 
within the serocellular crusts, stratum 
corneum, and adherent to luminal follicular 
epithelium similar to what the contributor re-
ports. 
 
As the contributor summarizes, the exfolia-
tive toxins of S. hyicus play an important role 
in the pathogenesis of this disease. Other 
staphylococci such as S. aureus also produce 
serine protease exfoliative toxins;1 these have 
been associated with human cases of bullous 
impetigo and staphylococcal “scalded skin 
syndrome”6 which bear some similarity to 
exudative epidermitis of pigs. Microscopic 
lesions may be seen in other tissues due to 
exfoliative toxins. Renal lesions, including 
degeneration and/or exfoliation of the tubular 
epithelium, are a common sequela and do not 

require concurrent bacteremia. In cases of 
bacteremia, purulent pyelonephritis is a com-
mon finding6 though it should be distin-
guished from other potential causes (e.g. Ac-
tinobacillus) that have a different pathogene-
sis. 
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CASE II:  

Signalment:  
Adult, female, file-eared tree frog (Pol-
ypedates otilophus) 
 
History:  
A captive, adult, female file-eared tree frog 
(Polypedates otilophus) was found dead. 
 
Gross Pathology:  
Approximately 70% of the left cornea and 
80% of the right cornea contains white, multi-
focal to coalescing, irregularly marginated, 
and opaque material. 
 

 
Figure 2-1. Eye, tree frog.  Approximately 80% 
of the cornea is expanded by a dense opaque 
white material (lipid).  (Wildlife Conservation 
Society, Zoological Health Program; 
https://oneworldonehealth.wcs.org, 
www.wcs.org) 

 
Figure 2-2. Eye, tree frog. One section of eye 
with attached lids is submitted for examina-
tion.  At subgross magnification, the cornea is 
markedly expanded by clear space and at the 
ventral aspect, abundant pigment.  (HE, 5X) 

 
Microscopic Description: 
Diffusely expanding the corneal stroma, ex-
tending to the limbus, and mildly elevating the 
overlying corneal epithelium are hundreds of 
coalescing, clear, acicular clefts (cholesterol 
clefts), interspersed with fewer individual 
lymphocytes and histiocytes. Histocytes are 
occasionally expanded by small to moderate 
amounts of intracytoplasmic finely vacuolated 
and clear material (lipid), with an eccentrically 
displaced nucleus. The corneal stroma occa-
sionally contains small-caliber blood vessels 
(neovascularization) interspersed with inflam-
mation and rare individual extravasated eryth-
rocytes. The corneal epithelium is multifo-
cally thickened up to 5 cells thick (epithelial 
hyperplasia), attenuated, and rarely absent. An 
adjacent nerve within the section is infiltrated 
by small numbers of scattered lymphocytes 
and rare individual histiocytes.  
 
Contributor’s Morphologic Diagnosis: 
Eye, Keratitis, xanthomatous, chronic, dif-
fuse, severe, with cholesterol clefts and neo-
vascularization. 
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Contributor’s Comment: 
Bilateral corneal opacities noted at gross nec-
ropsy in this captive, adult, female file-eared 
tree frog (Polypedates otilophus) correlated to 
microscopic evidence of severe corneal lipid 
deposition. Given the species affected and the 
apparent absence of underlying ocular pathol-
ogy, a diagnosis of lipid keratopathy was fa-
vored.  
 
Corneal lipid deposition, also referred to as li-
pid keratopathy or corneal lipidosis, is a com-
monly encountered ocular disorder of captive 
amphibians.2 While initially reported in Cu-
ban tree frogs, lipid keratopathy has since 
been identified in multiple anuran spe-
cies.1,2,5,6 The disease presents clinically as a 
circumferential accumulation of white infiltra-
tive material extending across the cornea over 
the course of weeks to months.6 Lesions begin 
as small white foci at the corneal limbus and 
as disease advances can extend centrally to in-
volve up to one-half of the corneal circumfer-
ence.5,6 Vision may become compromised in 
severe disease, affecting thermoregulation and  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ability to detect food.8 In this case, the frog re-
mained in good body condition, suggesting it 
was still able to find food despite the presence 
of corneal lesions.  
 
Corneal lipid deposition is typically bilateral, 
and the corneal surface may become raised, 
thickened, and irregular from lipid deposition, 
grossly appearing as white plaques or nod-
ules.3,8,9 Early lesions are characterized histo-
logically as small numbers of cholesterol 
clefts and foamy macrophages within the cor-
neal stroma. As disease progresses, lipid accu-
mulation can become associated with variable 
degrees of inflammation, neovascularization, 
and fibrosis.4 Underlying ocular disease is typ-
ically not identified within affected cases.6 
Special stains including oil red O and Sudan 
black B can be used to highlight lipid within 
the corneal stroma.6  
 

 

 

Figure 2-3. Eye, tree frog. The corneal stroma is expanded by innumerable clear acicular clefts (li-
pid).  The overlying epithelium is infiltrated by large numbers of melanin-containing macrophages 
which occasionally infiltrate the underlying corneal stroma.  (HE, 106X)   
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The inciting cause for corneal lipid deposi-
tion in captive anurans is suspected to be nu-
tritional and associated with variations in diet 
lipid composition. In one experimental study,  

corneal lipid deposition was found to be more 
prevalent in frogs fed high-cholesterol diets.6 
Furthermore, captive frogs fed both normal 
and high-cholesterol diets were found to have 
a higher serum total cholesterol than wild 
frogs, suggesting there may be an association 
with diets in captivity and disease develop-
ment. Some reports also identify an increased 
prevalence of corneal lipid deposition in fe-
male anurans.2,5 
 
In some species of amphibians, corneal lipid 
deposition has been reported in conjunction 
with disseminated xanthomatosis.1 Xan-
thomas are non-neoplastic masses comprised 
of cholesterol and associated granulomatous 
inflammation, which form via extravasation of 
lipids.10 Xanthomas have been reported in a 
wide range of taxa, can occur in multiple tis-
sues, and can be associated with elevations in 
serum cholesterol.5 Anurans diagnosed with  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xanthomatosis have been reported to have as-
sociated lesions involving the cornea, central 
nervous system, peripheral nerves, multiple 
visceral organs, and periarticular and digital 
soft tissues.2,4 In this case, a xanthoma was 
identified in the choroid plexus.   
 
Contributing Institution:  
Wildlife Conservation Society, Zoological 
Health Program 
https://oneworldonehealth.wcs.org 
www.wcs.org 
 
JPC Diagnosis: 
Eye, cornea: Lipidosis, chronic, focally exten-
sive, severe, with multifocal ulceration, vascu-
larization, and pigmentation.  
 
JPC Comment:  
This second case is descriptively simple which 
admittedly is a rarity for many of the eyeballs 
we cover in conference. The numerous clear 
acicular clefts within the cornea is an  obvious 
feature of this case which nicely correlate to 
the submitted gross image.. The migration of 
pigmented epithelial cells from the limbus is 

Figure 2-4. Eye, tree frog.  In areas in which the corneal epithelium is ulcerated, there is vasculari-
zation of the underlying lipid-laden stroma with infiltration of low numbers of granulocytes. (HE, 
240X) 
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both a response to ulceration and an adaptive 
response to chronic irritation. Conference par-
ticipants looked carefully through this section, 
but found little else of note.  Changes in other 
parts of the globe were largely ascribed to au-
tolysis, although a focal area of hyperplasia of 
the retinal pigmented epithelium suggests an 
area of antemortem retinal detachment.   Al-
though hemorrhage was not a feature corneal 
neovascularization in this case, it has been 
documented in this entity in other frog spe-
cies.3 
 
Although lipid keratopathy is an important 
differential in this species, there are other dif-
ferentials for corneal opacity (or ‘white eye’ in 
general) across species that merit brief discus-
sion.7 Corneal dystrophy may be acquired or 
inherited and reflects abnormal lipid metabo-
lism of corneal endothelial cells, stromal, 
cells, or epithelial cells (keratocytes). Affected 
animals may not have an underlying serum li-
pid abnormality; this has been described in 
dogs (among others, beagles, Siberian husk-
ies, and collies) and rabbits (New Zealand 
White).  Familial hyperlipidemia as a cause of 
lipid deposition is well known in Schnauzers 
and Watanabe rabbits. Other potential rule 
outs include hypopyon, and rarely, anterior 
staphyloma. Finally, corneal granulation tis-
sue and/or mineralization secondary to in-
flammation and hypercalcemia should also be 
considered. 
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CASE III:  
 
Signalment: 
7-months-old, male, pit bull terrier, Canis lu-
pus familiaris, canine. 
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Figure 3-1. Brainstem, dog. One section of 
brainstem at the level of the pons is submitted 
for examination. (HE, 5X) 

 
History:  
The dog was taken into the animal shelter as a 
stray. It was found dead in the kennel the next 
morning.  
 
Gross Pathology:  
The dog was in good body condition with mild 
postmortem decomposition. The lungs were 
congested, heavy, and wet. The liver and 
spleen were congested.  
 
Laboratory Results: 
The affected blood vessels in the brainstem 
contained intact and degenerate endothelial 
cells that were positive for canine adenovirus 
using immunohistochemistry.  
 
Microscopic Description:   
There are multifocal hemorrhages in the neu-
ropil of the brainstem. The capillaries and ven-
ules are dilated. The affected capillaries and 
venules are often lined by swollen endothelial 
cells and karyorrhectic endothelial cells. Mul-
tifocally, there are intranuclear inclusion bod-
ies in the vascular endothelial cells. In a few 
areas, the tunicae media of the blood vessels 
are expanded by brightly eosinophilic, ho-
mogenous to beaded material admixed with 
scattered pyknotic and karyorrhectic debris 
(fibrinoid necrosis) and infiltrated by lympho-
cytes, and macrophages(vasculitis). 
 
 

Contributor’s Morphologic Diagnosis:  
Brainstem – Vasculitis with endothelial cell 
necrosis, intranuclear inclusion bodies in en-
dothelial cells, and perivascular hemorrhage; 
etiology, canine adenovirus - 1 
 
Contributor’s Comment: 
Infectious canine hepatitis (ICH) is an uncom-
mon disease of dogs that is caused by canine 
adenovirus-1 (CAV-1).2-7 CAV-1 is a non-en-
veloped, icosahedral, double-stranded DNA 
virus.6,7 CAV-1 can infect and cause disease 
in domestic dogs, wild canids, skunks, and 
bears.2-7 In domestic dogs, ICH is uncommon 
due to the routine vaccination of dogs, but ICH 
can be seen in unvaccinated dogs.2-7 ICH is 
typically seen in young dogs less than 1 to 2-
years-old, but any dog not vaccinated for ca-
nine adenovirus can develop ICH. CAV-1 is 
antigenically related to canine adenovirus-2, 
which causes respiratory disease in dogs. 
CAV-1 is secreted in the saliva, urine, and fe-
ces of infected dogs.2,-7 Transmission to a na-
ïve dog is by oronasal exposure from dog-to-
dog contact or from the contaminated environ-
ment. After oronasal exposure, CAV-1 infects 
the tonsils causing tonsillitis. The virus will 
then spread to the regional lymph nodes and 
then to the blood causing viremia 4 – 9 days 
after exposure, which corresponds to the incu-
bation period of ICH. Viremia of CAV-1 re-
sults in dissemination to the hepatocytes, en-
dothelial cells, and mesothelial cells. Disease 
caused by CAV-1 can be divided into three 
syndromes.4,6,7 Peracute disease that occurs 
within a brief illness that ranges from 3 – 48 
hours and is characterized by circulatory col-
lapse and death. Acute ICH is characterized by 
fever, depression, anorexia, vomiting, diar-
rhea, petechiae on the mucus membranes, pale 
mucus membranes, and mild icterus. Acute 
ICH can be fatal. The last syndrome of ICH is 
a mild chronic disease where the infected dog 
has partially immunity and may recover or die 
weeks to months later due to chronic liver dis-
ease.  
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CAV-1 infection of its target cells corresponds 
to the lesions seen grossly.2-7 There can be en-
largement and reddening of the tonsils and 
lymph nodes in the area. Petechiae on serosal 
surfaces and clear fluid in the peritoneal and 
surfaces can occur. The liver can be swollen, 
turgid, and friable with fine yellow mottling to 
a distinct accentuated reticular pattern. There 
can be fibrin on the surface of the liver. The 
gallbladder can be variably edematous, and 
gallbladder edema is considered to be pathog-
nomonic of ICH. Icterus is mild when present. 
There can be hemorrhagic infarcts in the renal 
cortex as well as hemorrhages in the lungs. 
Hemorrhage and necrosis can occur at the 
metaphysis of long bones. The brainstem and 
midbrain can have hemorrhages in a small per-
centage of cases.1-7 The late development of 
corneal edema due to a type III hypersensitiv-
ity reaction corresponding to increasing neu-
tralizing antibodies can occur with ICH.2,3,4,6,7  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The microscopic lesions of ICH in the liver are 
of centrilobular necrosis with intranuclear in-
clusion bodies in hepatocytes adjacent to the 
necrotic foci.2-7 The necrotic foci contain 
small numbers of infiltrating leukocytes 
mainly neutrophils heterophils. The micro-
scopic lesions in the other organs are the result 
of the endothelial cell injury secondary to in-
fection with CAV-1. CAV-1 infection of en-
dothelial cells in the renal glomeruli can cause 
glomerulonephritis, and infection of renal tu-
bules cells can result in virus shedding in the 
urine. Pulmonary hemorrhages are secondary 
to vascular damage in the lung. Corneal edema 
is secondary to the immune response to CAV-
1 infection of the corneal endothelium. When 
brain lesions due occur, there tend to occur in 
the brainstem and midbrain and consist of 
hemorrhages secondary to endothelial dam-
age.1,-7 Widespread endothelial damage can 
result in disseminated intravascular coag-
ulopathy, which can also result in widespread  

Figure 3-2. Brainstem, dog. Venules within the brainstem exhibit mural hemorrhage and extramu-
ral hemorrhage and edema. throughout the section. (HE, 44X) 
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Figure 3-3. Brainstem, dog. Higher 
magnification of affected vessels.  The 
extensive edema in the perivascular space has 
extended into the adjacent neuro-
parenchyma, resulting in spongiosis. (HE,  99X) 

 
petechiae in serosal surface and multiple or-
gans and death of the dog.2-7 
 
Contributing Institution:  
New Mexico Department of Agriculture Vet-
erinary Diagnostic Services 
 
https://nmdeptag.nmsu.edu/labs/veterinary-
diagnostic-services.html 
 
JPC Diagnosis: 
Pons: Vasculitis, necrotizing, acute, diffuse, 
moderate, with rare neuronal necrosis, mild 
gliosis, and endothelial intranuclear viral in-
clusions.  
 

 
Figure 3-4. Brainstem, dog. Endothelial cells oc-
casionally contain a large basophilic viral inclu-
sion surrounded by a halo (arrow).  (HE, 650X) 
 
 
 
 

JPC Comment: 
The contributor provides a succinct summary 
of CAV-1 and ICH. Connecting the dots to the 
present case, this section features diffuse vas-
cular mural and transmural hemorrhage and 
edema attributable to endothelial intranuclear 
adenoviral inclusions. IHC for adenovirus per-
formed by the contributor strongly and specif-
ically labeled these endothelial cells, confirm-
ing the diagnosis. Conference participants felt 
that there was also microglial activation re-
sulting from early parenchymal inflammation 
. These microglial cells were nicely high-
lighted by IBA1 (ionized calcium-binding 
adapter molecule 1) immunostain, which 
highlights dendritic cells, macrophages, and in 
the neuroparenchyma, microglia. Early char-
acterization of this protein was performed in 
rat brain microglia.9 In our experience, IBA1 
has generally worked well across species and 
expression seems to be reasonably conserved. 
 
Neurologic manifestation of CAV-1 is rare in 
domestic canines1,5; the animal in this case 
was reportedly a stray with an unknown vac-
cination history. 
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CASE IV:  
 
Signalment:  
8 years old, female, Correlophus ciliatus (for-
merly Rhacodactylus ciliatus), crested gecko 
 

 
Figure 4-1.  Liver, gecko.  The liver was mark-
edly enlarged, pale, firm and contained nu-
merous coalescing variably sized tan foci 
(Photo courtesy of:  New Mexico Department 
of Agriculture Veterinary Diagnostic Services, 
www.nmda.nmsu.edu/vds)  

 
 

 
Figure 4-2. Liver, gecko. One section of liver is 
submitted for examination. (HE, 6X) 

 
History: 
The gecko was lethargic and sitting on the 
floor of the terrarium for prolonged periods in-
stead of its normal climbing activity on the ter-
rarium’s vegetation. The owner noticed cuta-
neous ulcers on the gecko, which the owner 
treated topically. The gecko was found dead 
two days after clinical signs started.   
 
Gross Pathology: 
The carcass presented for postmortem exami-
nation was an 8 years old, 31.5 grams, female, 
crested gecko. The gecko was slightly under-
weight (normal weight of an adult female 
crested gecko is 35-55 grams) with moderate 
amounts of fat in the coelomic fat pads. The 
subcutis and organs were dry and tacky sug-
gesting dehydration. The liver was markedly 
enlarged, pale, firm and contained numerous 
coalescing variably sized tan foci (Figure 1). 
 
Microscopic Description:  
The liver contained numerous small adult and 
larval rhabditid nematodes that were often sur-
rounded by variably sized coalescing foci of 
necrosis admixed with macrophages, multinu-
cleated giant cells, lymphocytes, and granulo-
cytes. A few nematodes were fragmented and 
mineralized. The musculature of the nema-
todes was indistinguishable due to their small 
size. The nematodes had a rhabditiform esoph-
agus with a corpus, isthmus and bulb (Figure  
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2). They had a single intestine and a paired 
genital tract (Figure 3). The genital tract con-
tained large uninucleate ova as well as multi-
nucleated ova (Figure 4). There were rare free 
multinucleated ova within the hepatic paren-
chyma (Figure 5). There was bile duct hyper-
plasia in the portal areas that were within the 
affected foci. The capsule was multifocally 
mineralized. In addition to the liver, rhabditid 
nematodes could be seen intravascular and 
within the parenchyma of the kidney (Figure 
6), lung (Figure 7), brain (Figure 8), intestine, 
spleen, pancreas and ovary. These organs 
were not submitted. 
 
Contributor’s Morphologic Diagnosis:  
Liver: Hepatitis, necrotizing, granulocytic and 
granulomatous, multifocal to coalescing with 
intralesional adult and larval rhabditid nema-
todes most consistent with Strongyloides spe-
cies.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Contributor’s Comment: 
Endoparasitism is a frequent disorder of rep-
tiles.2,18 They are host to a large number of 
parasites including protozoa, trematodes, ces-
todes, nematodes, acanthocephalans, and pen-
tastomes.2,7,11,12,18 The most common two gen-
era of rhabditiform nematodes to infect rep-
tiles are Rhabdias and Strongyloides .12,18 
Rhabdias species are pulmonary parasites of 
anurans and reptiles.1,12, 18 Entomelas species 
are rhabditid parasites of the lungs of some 
species of lizards.18 Strongyloides are intesti-
nal parasites of a large number of vertebrate 
species including mammals, birds, reptiles 
and amphibians.1,12,14,16,17 Rhabdias species 
can be identified histopathologically by their 
intestine that has pigmented intestinal cells, 
vacuolated lateral chords, and females can 
have larvated ova in their paired uteri.5 Stron-
gyloides species also have a paired genital 
tract, do not have pigmented intestinal cells, 
and most species lay uninucleate ova that de-
velop in the tissue or intestine.5 The ova of  

Figure 4-3. Liver, gecko.  There is diffuse loss of normal plate architecture. Plate architecture is dis-
torted by profound inflammation, moderate fibrosis, and numerous migrating rhabditoid adults, 
larvae, and rare eggs.  (HE, 114X) 
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Rhabdias species and Strongyloides species 
are embryonated in the feces of the host, and 
it is common to find free first stage rhabditi-
form larvae in the feces of infected hosts.12,18 
The embryonated ova and larvae of both spe-
cies in the feces of the host are morphologi-
cally similar and difficult to impossible to dis-
tinguish from one another.12,18   
 
As stated previously, Rhabdias species are 
lung parasites of anurans and reptiles.1,9,12 The 
third stage larvae of Rhabdias species infect 
the host percutaneously or orally.9 Oral infec-
tion mediated by eating infected prey is most 
likely important in reptiles with dry and scaly 
skin. After penetration into the connective tis-
sue, the parasites molt into fourth stage larvae 
and enter the body cavity. The worms migrate 
to and enter the lungs as adult where they feed 
on the host’s blood. The parasitic worms are 
female with some species reproducing by par-
thenogenesis or some species are hermaphro-
dites.1 Rhabdias species ova can be laid by the  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
female or the embryonated ova can develop 
within the body cavity of the female worm be-
ing release when she dies (matricidal endo-
toky). Rhabdias ova passed in the feces can 
develop by heterogony (first stage larvae molt 
twice to form third stage larvae of both sexes 
to become adults, mate and produce ova) or 
homogony (first stage larvae molt twice to be-
come filariform third stage larvae that infect 
the host and mature into parthenogenetic fe-
males). Infected animals can exhibit respira-
tory distress, which can be severe.12,18  
 
The intestinal parasite Strongyloides species 
can infect numerous vertebrate hosts.1,14,16,17 
The genus has been best studied in mammals. 
There appears to be some degree of host spec-
ificity with the different Strongyloides spe-
cies, but some species like S. stercoralis can 
infect multiple mammalian species and have 
the potential to be zoonotic particularly be-
tween dogs and nonhuman primates and hu-
mans.10,14 However, molecular techniques  

Figure 4-4.  Liver, gecko.  Tangential section of an adult rhabditoid nematode with esophagus with 
prominent corpus and bulb and a more distal triradiate esophagus and multiple sections of a 
deeply basophilic uterus. (HE, 572X) 
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Figure 4-5. Liver, gecko.   A single larva demon-
strates the typical rhabditoid esophagus as 
well, with corpus, isthmus, and bulb.  (HE, 
600X) (Photo courtesy of:  New Mexico De-
partment of Agriculture Veterinary Diagnostic 
Services, www.nmda.nmsu.edu/vds) 

 
have demonstrated that there are differences 
between the human and dog strains of S. ster-
coralis raising the question of whether the dog 
strains of S. stercoralis are truly zoonotic.10,14 

 
The life cycle of Strongyloides species is sim-
ilar to that of Rhabdias with one major differ-
ence; some Strongyloides species (particularly 
S. stercoralis, S. fuelleborni, and S. fuelleborni 
kellyi in humans) have the potential to autoin-
fect the host that can lead to infections that last 
decades.8,10,13,15,16,17,19 The parasitic form of 
Strongyloides are parthenogenetic females. 
The female nematodes mostly live burrowed 
in the mucosa of the small intestine with some 
exceptions notably S. tumefaciens and occa-
sionally S. stercoralis where the females live 
in nodules in the colon of cats.14,19 The ova 
laid by the females embryonate in the mucosa 
and lumen of the small intestine and are 
passed in the feces as embryonated eggs or 
first stage rhabditiform larvae. The first stage 
rhabditiform larvae in the environment will 
molt twice to become third stage filariform 
larvae. The filariform larvae can then either 
penetrate the skin or mucosa of the mouth to 
infect the host or molt two more times to form 
adult free-living male and female worms. The 
adult free-living male and female worms can 
mate and their female offspring will molt to 

the infective filariform larvae to percutane-
ously or orally infect the host. Once inside the 
host, the filariform larvae can migrate to the 
small intestine or enter the vasculature where 
they migrate through the heart to the lungs. 
The filariform larvae in the lungs are coughed 
up and swallowed to reach the small intestine. 
When in the small intestine, the filariform lar-
vae will mature into adult females. In autoin-
fection, the first stage rhabditiform larvae will 
molt twice in the large intestine to the infec-
tive third stage filariform larvae. The filari-
form larvae will penetrate the intestinal mu-
cosa or perianal skin and migrate to the small 
intestine, which in some cases occurs through 
random organs. Humans and animals are ini-
tially exposed to infective filariform larvae of 
Strongyloides in a contaminated environment 
particularly in endemic areas.17 The environ-
ment (water, foodstuffs, soil, and unwashed 
body parts) is contaminated by feces from an 
infected human or animal.17 In addition, in-
sects can mechanically carry ova of Strongy-
loides.17  

 

 
Figure 4-6.  Liver, gecko.  A single isolated larva 
demonstrates the typical rhabditoid esopha-
gus as well, with corpus, isthmus, and bulb.  
(HE, 600X) (Photo courtesy of:  New Mexico 
Department of Agriculture Veterinary Diag-
nostic Services, www.nmda.nmsu.edu/vds)  

 

077



16 
 

 
Figure 4-7. Liver, gecko.   There are rhabditid 
eggs free within the parenchyma.  (HE, 600X) 
(Photo courtesy of:  New Mexico Department 
of Agriculture Veterinary Diagnostic Services, 
www.nmda.nmsu.edu/vds)  

 
Clinical disease caused by Strongyloides spe-
cies is typically mild and self-limit-
ing.13,14,15,16,19 It usually consists of diarrhea 
and respiratory disease that is most prevalent 
in individuals when they are initially exposed 
to the parasites. Naïve individuals exposed to 
infective filariform larvae can also develop 
dermatitis due to the parasites migrating 
through the skin. In domestic animals, disease 
caused by Strongyloides typically occurs in 
neonatal animals. In reptiles, particularly 
snakes, disease caused by Strongyloides can 
manifest as diarrhea, anorexia, weight loss and 
lethargy.12,18 There are, however, cases of se-
vere disease caused by Strongyloides species 
that have been described in humans and rarely 
dogs.3,4,7,8,13,15,16 Severe disease caused by 
Strongyloides has been divided into two syn-
dromes termed hyperinfection syndrome and 
disseminated disease, but some consider the 
syndromes to be the same.8,13,15,16 Hyperinfec-
tion syndrome can occur in any infected indi-
vidual, but is most often seen in immunocom-
promised individuals. Disseminated disease 
occurs in immunocompromised individuals. 

Both of these syndromes are often fatal. Hy-
perinfection syndrome is defined as a severe 
infection with Strongyloides nematodes in the 
normal locations of the parasites: the skin, the 
intestine, and the lungs. The time of comple-
tion of the life cycle of Strongyloides in hyper-
infections is shortened. Disseminated strongy-
loidiasis occurs when Strongyloides parasites 
are found in organs outside of the normal life 
cycle (i.e., organs other than the skin, intestine 
or lungs). The gecko in this case most likely 
had disseminated strongyloidiasis.     
 
Contributing Institution: 
New Mexico Department of Agriculture Vet-
erinary Diagnostic Services 
 
www.nmda.nmsu.edu/vds 
 
JPC Diagnosis: 
Liver: Hepatitis, necrotizing and granuloma-
tous, chronic, diffuse, marked, with intra-
parenchymal rhabditoid adults, larvae, and 
eggs.  
 

 
Figure 4-8. Kidney, gecko.  A rhabditid larva is 
present within a renal glomerulus. (HE, 600X) 
(Photo courtesy of:  New Mexico Department 
of Agriculture Veterinary Diagnostic Services, 
www.nmda.nmsu.edu/vds)  
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Figure 4-9.  Brain, gecko. Rhabditid larva are 
present within the neuroparenchyma. (HE, 
600X) (Photo courtesy of:  New Mexico De-
partment of Agriculture Veterinary Diagnostic 
Services, www.nmda.nmsu.edu/vds)  

 
JPC Comment:  
This conference concludes with a wonderful 
parasite case. We previously showed this slide 
to Dr. Chris Gardiner who confirmed the fea-
tures of this nematode in histologic section 
and remarked that he had never seen a case 
like this one in over 50 years as a parasitolo-
gist! The presence of Strongyloides within the 
liver is unusual as they are typically encoun-
tered within the epithelial layer of the enteron, 
or less commonly, within the mucosa of the 
urinary bladder or the skin and lungs as the 
contributor notes.  
 
Conference participants were able to appreci-
ate most of the major features of adult and lar-
val rhabditid nematodes.  Careful examination 
of the slide is required to identify the few eggs 
scattered within the parenchyma.   
 
Finally, we commend the contributor for their 
exhaustive discussion of Strongyloides. We 
have little to add on save for mentioning a re-
cent Veterinary Pathology article concerning 
proliferative strongyloidiasis in a colony of 
colubrid snakes.6 The histologic features of 
Strongyloides in these snakes was similar to 
the conference case, aberrant migration to the 

reproductive, respiratory and upper alimen-
tary tracts, as well as the eye.6  These findings 
in this paper highlight the utility of speciating 
the Strongyloides via molecular techniques to 
characterize novel species in the face of unex-
pected tissue distribution. 
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CASE I:   

 

Signalment:  

Six years-old male common woolly monkey 

(Lagothrix lagotricha). 

 

History:  

The animal was housed at the BH-ZOO (Belo 

Horizonte, Brazil) and developed acute leth-

argy, with hypoglycemia, apathy, and hypo-

thermia. Ultrasound examination demonstrat-

ed abundant fluid in the abdominal cavity. The 

animal was treated with therapeutic dos-es of 

ceftriaxone, dexamethasone, and mor-phine, 

but did not respond to treatment and died two 

days later. 

 

Gross Pathology:  

There was abundant yellow fibrinous exudate 

in the peritoneal cavity, with multifocal to co-

alescent hemorrhage on the serosa. Gastric 

and intestinal serosae had multiple red, firms, 

nodules ranging from 0.1 to 0.2 cm in diame-

ter. The gastric mucosa had multifocal ulcera-

tions with approximately 0.2 cm in diameter. 

There were multiple areas of fibrinous adhe-

sion between intestinal loops, associated with 

a necrotic area in the jejunum. The intestinal 

mucosa had moderate multifocal hemorrhage. 

There were also multifocal hemorrhages on 

the mucosa of the urinary bladder. Thoracic 

cavity and pericardial sac had moderate 

amounts of translucent fluid with a small 

amount of fibrin. The lungs had a smooth 

shiny red surface, with atelectasis in left and 

right cranial lobes. 

 
Figure 1-1. Abdominal viscera, woolly monkey. 
There is abundant yellow fibrinous exudate in 
the peritoneal cavity, with multifocal to coales-
cent hemorrhage on the serosa, (Photo cour-
tesy of: Departamento de Clínica e Cirurgia 
Veterinária, Escola de Veterinária, 
Universidade Federal de Minas Gerais, Av. 
Presidente Antônio Carlos, 6627 – CEP 30161-
970, Belo Horizonte, MG, Brazil. 
www.vet.ufmg.br) 

 

Laboratory Results:  

Swabs of peritoneal cavity were plated on 

Muller-Hinton agar (Difco, USA) supple-

mented with 5% equine blood, mannitol salt 

agar (Kasvi, Brazil), and MacConkey agar 

(Kasvi, Brazil), followed by aerobic incuba-

tion at 37ºC for 48 h. Colonies were subject-

ed to matrix-assisted laser desorp-tion/ioniza-

tion time-of-flight (MALDI-TOF, Bruker 

Daltonics) mass spectrometry with results 

compatible with E. coli. The E. coli isolate 

was positive for several virulence fac-tors en-

coding genes: fimH, focG, papC, papG, sfaS, 

cnf1, usp, hlyA, iutA, and traT. No other bac-

teria were isolated. 
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Figure 1-2. Abdominal viscera, woolly mon-
key. There are multiple areas of fibrinous ad-
hesion between intestinal loops, associated 
with a necrotic area in the jejunum (Photo 
courtesy of: Departamento de Clínica e 
Cirurgia Veterinária, Escola de Veterinária, 
Universidade Federal de Minas Gerais, Av. 
Presidente Antônio Carlos, 6627 – CEP 30161-
970, Belo Horizonte, MG, Brazil. 
www.vet.ufmg.br) 

 

Samples of liver and spleen tested negative for 

yellow fever virus and dengue virus infec-

tions by RT-qPCR. 

 

Microscopic Description:  

Large intestine: submucosa was expanded 

with small to medium sized arteries exhibiting 

variable degrees of inflammation, character-

ized by infiltration of the tunica adventitia and 

media with small to moderate numbers of lym-

phocytes, histiocytes, neutrophils, and some 

plasma cells. Some of the affected vessels had 

proliferation of fusi-form cells with a small 

amount of extracellular mucinous matrix 

within the intima and marked accumulation of 

collagen in the tunica media and adventitia. 

Picrosirius red stained sections examined un-

der polarized light demonstrated predomi-

nantly reddish birefringent mature type I col-

lagen. Macrophages rich in intracytoplasmic 

brown pigment (suggestive of hemosiderin) 

were observed adjacent some of these vessels.  

In some sections there was marked arterial fi-

brinoid necrosis affecting the tunica media, of-

ten associated with thrombosis.  Distribution 

of arterial lesions was random and segmental. 

The muscular layer adjacent to the areas of 

vascular lesion had moderate myocyte hypo-

trophy. Serosa had a diffuse and moderate in-

flammatory infiltrate, composed mainly by 

neutrophils, and the mesothelial cells were dif-

fusely hypertrophic with deposition of moder-

ate amount of fibrin at the serosa associated 

with neutrophils and histiocytes (peritonitis). 

Additionally, it was observed a moderate fo-

cally extensive area of hemorrhage at the mu-

cosa. 

 

Testis: similar vascular changes were ob-

served in the testis. In addition, seminiferous 

tubules were marked degenerate with vacuo-

lated Sertoli cells, thickened basal membrane 

and some sclerotic tubules. Diffusely, there 

was moderate interstitial infiltrate composed 

mainly by lymphocytes, histiocytes and plas-

ma cells. 

 

 
Figure 1-3. Testis and colon, woolly monkey. 
One section of testis (top) and colon (bottom) 
are submitted for examination.  At this magni-
fication, enlarged arterioles are visible within 
the submucosa.  (HE, 6X) 
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Vascular lesions were observed also at the kid-

neys, small intestines and stomach. At the 

small intestine, vascular lesions were associat-

ed with multiple focally extensive areas of 

transmural necrosis. Other lesions included 

diffuse fibrinous peritonitis, characterized by 

large amounts of eosinophilic fibrinous exu-

date with numerous neutrophils, Gram-posi-

tive and Gram-negative coccobacilli, and a 

few vegetal fibers. Mild pulmonary edema 

was also noted. 

 

Contributor’s Morphologic Diagnoses:  

Large intestine: arteritis, necrotizing and pro-

liferative, diffuse, severe with fibrinoid necro-

sis, thrombosis, and fibrinous peritonitis. 

 

Testis: 1) arteritis, necrotizing and prolifera-

tive, diffuse, severe with fibrinoid necrosis 

and thrombosis. 2) orchitis, lympho-

plasmacytic, diffuse, moderate with tubular 

degeneration, diffuse, moderate. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Contributor’s Comment: 

Vascular lesions in this common woolly mon-

key were consistent with polyarteritis nodosa 

(PAN) affecting small to medium sized arter-

ies in the kidney, testis, stomach, small, and 

large intestines. This is the first reported case 

of PAN in this neotropical primate species. 

PAN is a progressive, degenerative, inflam-

matory, and necrotizing disease that most 

commonly affects small to large arteries of the 

mesentery, pancreas, kidney, testis, intes-tine, 

and heart, as described in humans,6,14 cyno-

molgus macaques, rhesus monkey, owl mon-

key, and pigs.2,8,9,16 The diverse types of vas-

cular lesions suggest that the damage is poly-

phasic, i.e. it occurs intermittently.6 Alt-hough 

the pathogenesis of PAN is not com-pletely 

clear, it is considered a type III hyper-sensitiv-

ity reaction caused by deposition of anti-

gen/antibody complexes in small arteries fol-

lowed by complement activation.9 

 

PAN is a systemic necrotizing vasculitis, 

which affects predominantly medium size ar-

teries. It has been described in humans, oc- 

Figure 1-4. Colon, woolly monkey. The mural architecture of colonic submucosal arterials is effaced 

by abundant eosinophilic protein, loss of smooth muscle, and marked adventitial inflammation. 

(HE, 43X) 
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curring more often in young adults. Small ar-

teries may also be involved, but there is no in-

volvement of smaller vessels, including ar-te-

rioles, capillaries, and venules.6 In animals, 

PAN has been reported in sheep,15 dogs,21 

cats,18 pigs,12 and rats.10 Among non-human 

primates, the disease has been described in 

cynomolgus monkey (Macaca fasciculres),2,17 

rhesus monkey (Macaca mulatta),9 and owl 

monkey (Aotus sp.).8 

 

In this case, PAN lesions were associated with 

transmural intestinal necrosis that resulted in 

peritonitis. PAN often results in narrowing of 

the vascular lumen due to vasculitis, with sec-

ondary gastrointestinal ulcerations or erosions 

due to ischemia.1 Intestinal perforation or ne-

crosis caused by PAN resulting in acute peri-

tonitis has been reported in humans.11 

 

Pathogenic E. coli was isolated from the peri-

toneal cavity in this case. E. coli is a major 

cause of extra-intestinal infections including  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

meningitis, bacteremia, pyelonephritis, cysti-

tis, prostatitis, metritis, and peritonitis.7,20 

However, it is also a member of the intestinal 

microbiota in mammals.19 Extra-intestinal 

pathogenic E. coli and commensal E. coli typ-

ically differ in virulence factors.7,20 In this 

case, the E. coli isolate was positive for sev-

eral virulence factors encoding genes: fimH, 

focG, papC, papG, sfaS, cnf1, usp, hlyA, iutA, 

and traT. 

 

In conclusion, this is a case of PAN associat-

ed with transmural intestinal necrosis and le-

thal septic peritonitis in a common woolly 

monkey, which has been recently published.3 

Therefore, PAN must be considered for the 

differential diagnosis of inflammatory, ne-

crotizing and/or proliferative multi-systemic 

segmental arterial lesions in neotropical pri-

mates. 

 

 

 

Figure 1-5. Colon, woolly monkey. The wall of an affected arteriole with the lumen at top.  The 

media is markedly expanded by protein with necrosis and loss of smooth muscle, and marked in-

flammation, fibrosis, and proliferation of small vessels within the adventitia.  The adjacent submu-

cosa contains moderate numbers of siderophages. (HE, 334X) 
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Figure 1-6. Testis, woolly monkey.  Similar 
changes are present within the arterioles of the 
testis.  There is atrophy of the seminiferous tu-
bules and mild lympoplasmacytic orchitis. (HE, 
75X) 

 

Contributing Institution:  

Departamento de Clínica e Cirurgia Veter-

inária, Escola de Veterinária, Universidade 

Federal de Minas Gerais, Av. Presidente An-

tônio Carlos, 6627 – CEP 30161-970, Belo 

Horizonte, MG, Brazil. www.vet.ufmg.br 

 

JPC Diagnoses: 

Colon and testis: Arteritis, proliferative, ne-

crotizing, fibronous, chronic, multifocal, se-

vere.  

 

Testis: Orchitis, lymphoplasmacytic, chronic, 

multifocal, mild.  

 

Colon: Serositis, fibrinous, subacute, diffuse, 

moderate. 

 

JPC Comment:   

This week’s conference was moderated by 

Major Janas Gray, presently at the US Army 

Medical Research Institute of Chemical De-

fense (USAMRICD) in Aberdeen, Maryland. 

This first case is a terrific example of polyarte-

ritis (periarteritis) nodosa (PAN). Alt-hough 

we have covered PAN in laboratory species 

before (most recently Conference 1, Case, 

2018-2019 in a rat) we have also seen similar 

lesions in a cat (Conference 12, Case 4, 2022-

2023), so this entity should be considered as a 

differential in any case of systemic necrotizing 

vasculitis. In particular, the sections of intes-

tine and testis from this monkey feature robust 

infiltration of the adventitia and outer media 

by inflammatory cells (Figures 1-3 and 1-4).  

 

This case is unusual in the degree of second-

ary changes present in which generated 

lengthy discussion. Conference participants 

largely agreed with the contributor’s interpre-

tation of the case but differed on how to best 

interpret the testis. Given that the arteritis was 

only multifocal, diffuse tubular changes were 

harder to support. In section, participants 

noted few spermatids within the epididymis as 

well as spermatogonia and spermatocytes 

within the seminiferous tubules, and coupled 

with the finding that this young in-dividual 

was entering the phase of sexual ma-turity re-

ported in this species15 led some participants 

to conclude that the testis was immature rather 

than senescent.  

 

Another consideration for vascular lesions in 

the woolly monkey is idiopathic (essential) 

hypertension.4,5 Microscopic features of this 

entity include hyaline arteriosclerosis with in-

tramural deposition of amorphous, brightly 

eosinophilic material and hyperplastic arterio-

sclerosis with smooth muscle proliferation of 

the tunica intima and media. Small muscular 

arteries and arterioles are classically involved 

and the kidney is the principal organ, though 

changes in other arteries have been described. 

A recent case series looking at similar lesions 

in pygmy marmosets4 identified a small num-

ber of non-renal, non cardio-pulmonary in the 

inner retina, stomach, spleen, and cerebrum. 

In the present case, the intact inner elastic lam-

ina and lack of overt hyalinization are against 

this particular interpretation.  

 

As a final aside for this case, PAN has been 

reported as a sequalae to human COVID-19 

vaccination in line with the type III hypersen-

sitivity reaction and resulting anti-gen/anti-

body complex pathogenesis the con-tributor 

lays out. Although PAN in humans has been 
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associated previously with hepatitis B vac-

cination, the production of viral protein 

through mRNA vaccines may inadvertently 

drive T-lymphocyte autoreactivity and result-

ing complement activation and cytokine cas-

cade.13 
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CASE II:  

 

Signalment:  

1-year-old, female Common Marmoset 

(Callithrix jacchus) 

 

 
Figure 2-1. Kidney, common marmoset.  A large 
white-tam multilobular mass is present within 
the kidney (intact left, cut section right) (Photo 
courtesy of: Division of Laboratory Animal Re-
sources, University of Pittsburgh. 
http://www.dlar.pitt.edu/) 

 
Figure 2-2. Kidney, common marmoset.  Ap-
proximately 80% of the section of kidney is ef-
faced by a neoplasm.  (HE, 5X)  

 

History:  

Animal was thought to be pregnant, but ultra-

sound revealed a large (~5cm diameter, cystic, 

abdominal mass in the area of the left kidney.  

 

Gross Pathology:  

The multilobular abdominal mass enveloped 

the entire left kidney. On cut section, portions 

were white-tan and first while others were 

cystic and filled with yellow-brown fluid. 

 

Microscopic Description: 

Kidney: Within the cortex, compressing and 

effacing adjacent renal parenchyma and ex-

tending to cut borders is a mostly encapsu-

lated, well-demarcated, lobulated, and expan-

sile neoplasm. The neoplasm is composed of a 

disorganized mixture of three distinct cell 

populations: epithelial, mesenchymal and 

blastemal. In all sections, the blastemal popu-

lation is the primary component and consists 

of polygonal cells arranged in nests sometimes 

separated by connective tissue. These neo-

plastic cells have indistinct cell borders, a 

small amount of eosinophilic cytoplasm and a 

high nuclear to cytoplasmic ratio. Nuclei are 

round to oval with vacuolated chromatin and 

indistinct nucleoli. The mitotic rate is 1 per 

40x field. In some sections, these cells cant be 

seen within blood vessels at the periphery of  
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the neoplasm. The epithelial population is 

composed of cuboidal to columnar cells ar-

ranged in irregular and often infolded tubules. 

Occasionally, these tubules project tufts into 

lumina (primitive glomeruli). These neo-

plastic cells have variably distinct cell borders, 

a moderate amount of eosinophilic fibrillar cy-

toplasm, round to oval nuclei, loosely 

clumped chromatin, and rarely contain a dis-

tinct nucleolus. The mitotic rate is 0-1 per 40x 

field. The mesenchymal component often 

blends with the other two components, and 

generally consists of spindle cells present 

within a loose, myxoid, extracellular matrix 

(embryonal mesenchyme). Spindle cells are 

stellate to spindle with indistinct cell borders, 

a scant amount of eosinophilic fibrillar cyto-

plasm, oval to elongate nuclei with finely stip-

pled chromatin and indistinct nucleoli. The 

mitotic rate is <1 per 40x field. In some sec-

tions, spindle cells differentiate along the lines 

of cardiomyocytes characterized by elongated 

cells with one to several round centrally lo-

cated nucleus/nuclei with vesicular chromatin 

and eosinophilic, crossed-striated  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

cytoplasm containing occasional intercalated 

discs. Cystic areas are present in some sec-

tions of the neoplasm and are lined by attenu-

ated epithelial cells. 

 

Necrosis and hemorrhage are present multifo-

cally within the neoplasm and adjacent kid-

ney. The kidney also contains tubular atrophy 

and foci of mixed inflammatory cells. 

 

Contributor’s Morphologic Diagnoses: 

Kidney: Nephroblastoma, Common Marmo-

set 

 

Contributor’s Comment:  

Often called Wilms’ tumor, nephroblastoma is 

the most common primary renal neoplasm in 

children, swine, chicken, and fish, the second 

most common primary renal tumor in cats, and 

the third most common in dogs.3,10 Nephro-

blastoma is commonly reported in rats, and 

can be experimentally induced by prenatal ex-

posure to the carcinogen N-ethylnitrosourea 

(ENU).13 

 

Figure 2-3. Kidney, common marmoset. The predominant cell type is a small polygonal to spindle 

blastemal cells which occasionally elongate forming bands of mesenchymal cells which course 

through the neoplasm.  (HE, 315X) 
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Figure 2-4. Kidney, common marmoset. Occa-
sionally, palisading blastemal cells differenti-
ate into tubules. (HE, 293X) 

 

In nonhuman primates, primary neoplasms of 

the kidney have been reported infrequently as 

spontaneous cases and in association with ex-

posure to radiation, chemical carcinogens, and 

parasites.7 The most commonly described re-

nal neoplasms in nonhuman primates include 

carcinomas and adenomas.7 Only a few re-

ports exist of nephroblastomas in Old World 

and New World monkeys including a report of 

nephroblastoma in a black-tufted marmoset4 

and a single report describing a malignant 

nephroblastoma in a common marmoset.13 In-

terestingly, this case had similar features to 

that case report, including cystic areas and ev-

idence of malignancy. 

 

Nephroblastomas are true embryonal tumors 

that arise in primitive nephrogenic blastema 

and foci of renal dysplasia.3 The etiology and 

pathogenesis of nephroblastoma has still not 

been fully clarified. In children, the neoplasm 

is frequently associated with congenital ab-

normalities or syndromes, including cryptor-

chism, hemihypertrophy, hypospadias, and 

sporadic aniridia. Two loci on chromosome 

11, locus 11p13 (WT1 gene) and locus 11p15 

(WT2 gene), have been implicated in the gen-

esis of Wilms’ tumors in children with devel-

opmental disorders. An abnormal WT1 gene 

is present in patients with WAGR syndrome 

(Wilms’ tumor, aniridia, genitourinary abnor-

malities, mental retardation) or Denys-Drash 

syndrome (Wilms’ tumor, progressive glo-

merulonephritis, male pseudohermaphrodit-

ism). A mutated WT2 gene can be observed in 

patients with Beckwith-Wiedemann syn-

drome or hemihypertrophy. However, the ge-

netics of Wilms’ tumor appear to be multifac-

torial and probably include further chromoso-

mal abnormalities. Familial Wilms’ tumor is 

rare and occurs in about 1% of cases and is not 

associated with mutations in chromosome 

11.1,8,13 

 

Contributing Institution:  

Division of Laboratory Animal Resource 

University of Pittsburgh 

S1040 Thomas E. Starzl Biomedical Science 

Tower 

200 Lothrop Street 

Pittsburgh, PA  15261 

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

 

JPC Diagnosis: 

Kidney:Nephroblastoma. 

 

Kidney: Nephritis, interstitial and lympho-

plasmacytic, chronic, multifocal, mild with 

proteinosis. 

 

 
Figure 2-5.  Kidney, common marmoset. Ra-
rely, epitelial cells protrude into tubular lu-
mina, recapitulating primitive glomeruli. (HE, 
300X) 
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Figure 2-6.  Kidney, common marmoset. At the 
periphery of the neoplasm, glomeruli and tu-
bules are compressed with interstitital fibrosis.   
(HE, 139X) 

 

JPC Comment:  

Nephroblastoma remains a fan-favorite sub-

mission to the WSC and this case is a good ex-

ample that clearly delineates the three compo-

nents to describe (blastemal, mesenchymal, 

and epithelial) that are outlined in Figures 2-3, 

2-4, and 2-5. In this case, the predominance of 

the blastemal cells with only rare tubular and 

glomerular differentiation was helpful, as 

trainees often have difficulty identifying blas-

temaConfirmatory IHCs for this case (WT1, 

CD56, pancytokeratin, vimentin, desmin) 

were not needed to arrive at the diagnosis.  

 

Conference participants devoted a significant 

portion of the discussion to changes in the ad-

jacent kidney. Participants noted occasional 

glomerular hypercellularity, synechiae, pro-

teinosis, fibrosis, casts, and interstitial nephri-

tis – we added a second morphologic diagno-

sis for the features we felt were best repre-

sented and not related to the neoplasm. 

 

The constellation of glomerular changes and 

interstitial nephritis in this species suggests 

two potential concurrent pathologies. Sponta-

neous (chronic) progressive glomeruloneph-

ropathy (CPG) has been described previously 

in common marmosets2,6,12 as has “marmoset 

wasting syndrome” (MWS).9,11 Both CPG and 

MWS are common in this species (Callithrix 

jacchus) and can occur at any age. Addition-

ally, both CPG and MWS cause chronic inter-

stitial nephritis with predominantly lympho-

cytes and plasma cells and proteinosis as ob-

served in this case. Low grade CPG can have 

subtle changes to the glomeruli, namely either 

hypercellularity or sclerosis of the mesan-

gium. These changes are often absent in MWS 

however. In this case, we considered the pos-

sibility of low grade CPG given mildly hyper-

cellular glomeruli with rare synechiae. In ad-

vanced cases of CPG, glomerular changes are 

marked and this condition can be more easily 

differentiated from MWS.  Additionally, in 

cases of MWS, lymphoplasmacytic enteritis is 

invariably present. The presence or absence of 

enteric lesions was not mentioned in the clini-

cal history, and MWS cannot be excluded as 

cause for the renal lesions in this case. 

 

Finally, an important ruleout for this neoplasm 

is teratoma as the three cell types may be in-

terpreted as primordial germ layers, particu-

larly in cases where well-differentiated tissue 

(hair, cartilage, neural tissue, etc) is not in-

cluded within the teratoma itself (see Confer-

ence 10, Case 1, 2023-2024). 
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CASE III:  

Signalment:       

7-month old, 141 kg, weaned, female, Brah-

man calf 

 

History:  

The calf was from the Beef Research Unit at 

the University of Florida (UF) composed of 

237 weaned calves ranging from 6 to 8 months 

of age. The herd had experienced three deaths 

subsequent to a recent introduction of a post-

weaning feed supplement to the animals. The 

affected calves presented with lethargy, weak-

ness, incoordination, tachycardia, and recum-

bency. Clinical examination of this particular 

calf revealed a history of lateral recumbency 

and weakness within the last 24 hours, moder-

ate dehydration, tachycardia (130 bpm), dysp-

nea, and ruminal hypomotility (1 weak con-

traction/min). The animal remained in lateral 

recumbency and died spontaneously within 24 

hours of examination. The calf was submitted 

to the UF Veterinary Diagnostic Laboratories 

for necropsy. 

 

Gross Pathology:  

The animal was in good postmortem condition 

and good nutritional condition, with symmet-

rical muscling and appropriate subcutaneous 

and visceral adipose stores. Several muscle 

groups in the left and right thighs, especially 

the semimembranosus and semitendinosus 

muscles, contained multiple, multifocal to co-

alescing, ill-defined, pale tan streaks. Some 

skeletal muscle groups exhibited large, pale 

tan areas of discoloration. The superficial 

muscle fibers appeared more affected than the 

deeper ones. The pericardial sac contained 

mild to moderate amounts of a watery, trans-

lucent, yellow-tinged fluid. The epicardial 

surface of the left ventricle wall had multiple, 

1-2 mm, round, flat, dark red foci. The myo-

cardium of the left and right ventricles and in-

terventricular septum contained multiple, 

multifocal to coalescing, ill-defined, pale tan 

streaks. The left and right cranial lung lobes  
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had a gelatinous consistency and were mottled 

dark red to purple. On cut section, those lung 

lobes oozed a watery, translucent, red-tinged 

fluid. Samples of all lung lobes floated when 

placed in formalin. A prominent reticular pat-

tern was observed throughout the liver lobes. 

The urinary bladder was distended by and 

filled with moderate amounts of a watery, 

translucent, brown-tinged fluid. No additional 

significant gross findings were observed in the 

remainder of the carcass. 

 

Laboratory Results: 

Pertinent laboratory results are indicated be-

low. 

Serum chemistry results: Creatine Kinase: 

343,240 U/L; Aspartate aminotransferase: 

2,335 U/L (ref: 48-139 U/L); Alkaline phos-

phatase: 181 U/L (ref: 30-69 U/L); Total bili-

rubin: 0.8 mg/dL (ref: ≤ 0.3 mg/dL); Sodium: 

135.9 mEq/L (ref: 140-148 mEq/L); Calcium:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8.6 mg/dL (ref: 9.3-10.8 mEq/L); Chloride: 

89.1 mEq/L (ref: 101-113 mEq/L). 

 

Toxicology*: The levels of Monensin de-

tected in two random samples of the feed sup-

plement were 573 ppm and 856 ppm (Recom-

mended label range: 11-33 ppm). 

 

Vitamin E analysis**: The level of vitamin E 

detected in the submitted liver sample was 

61.85 ug/g (Reference range: 7-40 ug/g) 

 

Selenium analysis**: The level of selenium 

detected in the submitted liver sample was 

1.31 ug/g (Reference range: 1.1-5.9 ug/g). 

 

*Toxicology performed at the Iowa State Uni-

versity Veterinary Diagnostic Laboratory, 

Ames, Iowa 

 

Figure 3-1.  Skeletal muscle, calf. A) Some muscle groups in the thighs, especially the semimembra-

nosus and semitendinosus muscles, exhibited large, pale tan areas of discoloration. Normal skele-

tal muscle at top. B) The myocardium contains multiple, ill-defined, pale tan areas of discolora-

tion. C) Urine was dark brown.   (Photo courtesy of: University of Florida, College of Veterinary 

Medicine, Department of Comparative, Diagnostic, and Population Medicine, Gainesville, Florida, 

USA. https://cdpm.vetmed.ufl.edu/) 
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**Nutrient analysis performed at the Michi-

gan State University Veterinary Diagnostic 

Laboratory, Lansing, Michigan 

 

Microscopic Description:  

Skeletal muscle: Scattered throughout the 

musculature, myofibers are mild to moder-

ately enlarged and have a hyalinized, often 

fragmented, homogeneous, eosinophilic sar-

coplasm with loss of myofibrillar striations. In 

longitudinal sections, the myofibrils are often 

separated by longitudinal, empty spaces and 

occasionally lose their regular parallel pattern. 

In cross-sections, many myofibers contain 

variably sized, round to ovoid, empty vacuoles 

within the sarcoplasm. Some myofibers are 

shrunken, have a highly fragmented sarco-

plasm, and are intermixed with pyknotic nu-

clei and karyorrhectic debris. Throughout the 

musculature, often between degenerate to ne-

crotic myofibers are low to moderate numbers 

of macrophages and plump spindled cells 

(presumptive satellite cells). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Heart (tissue not included on the slide): The 

most prominent change was the presence of 

dense aggregates of plump, spindled cells and 

macrophages, replacing areas of cardiomyo-

cyte loss. Multiple regions contain individual 

to small groups of cardiac myofibers with a 

mildly attenuated to mildly enlarged, mildly 

hyalinized, homogeneous, bright eosinophilic 

to amphophilic sarcoplasm with loss of myo-

fibrillar striations. Often the sarcoplasm of af-

fected myofibers is vacuolated. Occasional 

myofibers are hypereosinophilic with a pyk-

notic nucleus. Occasionally between myofi-

bers are linear accumulations of an ampho-

philic granular material admixed with scant to 

mild amounts of karyorrhectic debris. In the 

interstitium, often associated with these areas 

and bordering myocardial vessels, are multi-

ple, often linear, moderate density aggregates 

of plump spindled to stellate cells, fibroblastic 

cells, and macrophages. Occasionally these 

plump spindled cells have a large prominent 

nucleus with condensed, linear, deep baso-

philic chromatin (Anichkov cells). 

 

Figure 3-2. Skeletal muscle, calf. A) In longitudinal section, myofibers exhibit a hyalinized, vacuo-

lated to fragmented sarcoplasm with loss of myofibrillar striations (black arrows). The interstitium 

is expanded by variable numbers of macrophages and plump, activated satellite cells (HE, 200x). B) 

In cross-section, myofibers were either moderately enlarged with vacuolated sarcoplasm (blue ar-

rows) or shrunken with fragmented sarcoplasm (red arrows). Expanding the endomysium and less 

frequently the epimysium were small to moderate numbers of macrophages and plump satellite 

cells (Photo courtesy of: University of Florida, College of Veterinary Medicine, Department of Com-

parative, Diagnostic, and Population Medicine, Gainesville, Florida, USA. https://cdpm.vet-

med.ufl.edu/) 
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Contributor’s Morphologic Diagnoses:  

1. Myofiber degeneration and necrosis, 

acute, multifocal to coalescing, marked, 

skeletal muscle.  

2. Myocardial degeneration and necrosis, 

acute to subacute, multifocal, moderate, 

heart (tissue not included on the slide).  

 

Contributor’s Comment:  

The major histopathologic changes in this calf 

involved several skeletal muscle groups and 

the myocardium, explaining clinical evidence 

of lethargy, weakness, and lateral recumbency 

noted on physical examination. Moreover, the 

histologic changes in the skeletal and cardiac 

musculatures confirm myodegeneration and 

myonecrosis. The widespread, synchronous 

muscle necrosis identified is consistent with a 

multifocal monophasic pattern of necrosis, 

suggesting a toxic myopathy or metabolic dis-

order3. Differential diagnoses for myodegen-

eration and myonecrosis in cattle typically in-

clude ionophore toxicosis, ingestion of myo-

toxic plants (e.g., Senna spp.), and nutritional 

myopathy.1-3,7,9,13 The high serum levels of 

creatine phosphokinase, hepatic function dys-

crasias, and hyponatremia and hypocalcemia 

are consistent with muscle necrosis, liver dam-

age, and ionophore-induced influx of sodium 

and calcium into the cells, respectively. Pul-

monary edema, pericardial effusion, and cen-

trilobular necrosis are presumably sequelae to 

cardiac decompensation. A definitive cause 

for the cerebral vacuolar change is uncertain 

but may be related to tissue hypoxia/ischemia 

associated with cardiac failure. 

 

In this calf, the multifocal monophasic pattern 

of myonecrosis, history of a newly introduced 

feed supplement, acute onset of clinical signs, 

serum chemistry abnormalities, and myocar-

dial involvement would support the diagnosis 

of ionophore toxicosis.3,4,6,13 Ultimately, this 

diagnosis was confirmed with the detection of 

toxic levels of monensin in the feed. The mod-

erately increased levels of vitamin E in the 

liver and normal hepatic concentration of se-

lenium would reduce the likelihood of nutri-

tional myopathy as the cause of death in these 

calves. Furthermore, the feed and gastro-intes-

tinal tract lacked plant parts suggestive of 

Senna spp.  

 

Ionophore is the generic term to describe any 

lipid-soluble molecule that facilitates the 

transport of positively-charged ions across bi-

ologic membranes.10 Monensin, lasalocid, and 

salinomycin are typical ionophores of veteri-

nary clinical significance.4,6,11,13. Monensin is 

produced by the fermentation of Streptomyces 

cinnamonensis.4,6,13 This ionophore is primar-

ily used in veterinary medicine as an anticoc-

cidial drug in poultry and for growth promo-

tion and production efficiency in cattle.4,6 Its 

three-dimensional (3-D) structure resembles a 

doughnut with the cation-binding site at the 

area of the doughnut hole.10 This 3-D confor-

mation confers some degree of selectivity for 

sodium and potassium to monensin.10 The 

mechanism of action of monensin involves 

several sodium-hydrogen and potassium-hy-

drogen exchanges to move sodium ions into 

the cells and potassium ions out of the 

cells.4,6,10,13 

 

Excessive ingestion of monensin can be toxic 

to several animal species. However, the sus-

ceptibility to monensin toxicosis, estimated by 

calculating the LD50, varies considerably 

among species.3,10,14 For instance, the esti-

mated LD50 in horses, cattle, and poultry are 

2-3 mg/kg, 50-80 mg/kg, and 90-200 mg/kg, 

respectively, explaining why horses are very 

susceptible, and poultry are quite resistant to 

monensin toxicosis.3,13 The pathogenesis of 

the disease is directly associated with the 

mechanism of action of monensin.3,4,6,10,13 

Long-standing, monensin-mediated accumu-

lation of sodium into the cells, particularly 

myocytes and cardiomyocytes, leads to sec-

ondary water accumulation within the cyto-

plasm and organelles, which in turn induces  
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cell swelling and rupture of membranes, ulti-

mately culminating with irreversible cell in-

jury and cell necrosis.3,4,6,10,13 In some in-

stances, the toxic effects of Monensin may be 

potentiated with certain drugs.1,10 Cattle in-

gesting nontoxic levels of Monensin in feed 

contaminated with macrolide antibiotic resi-

due may still develop monensin toxicosis, pre-

sumably due to delayed hepatic clearance of 

monensin, resulting in accumulation and sub-

sequent toxicity.1 

 

Monensin toxicosis often is associated with 

feed-mixing errors that result in excess levels 

being added to the feed or access to feed 

sources destined for another species.4,6,13,14 

Grossly, several muscle groups and the myo-

cardium have variably sized, pale tan areas of 

discoloration, representing areas of multifocal 

monophasic myonecrosis histologically.3,4 

Monensin poisoning may affect animals of all 

age groups.3,4,6,13 However, heavier and 

stronger animals are typically the first ones to  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

perish because of the dominant behavior al-

lowing them to ingest more of the contami-

nated feed. Definitive diagnosis involves the 

detection of toxic levels of monensin in the 

suspected diet and sometimes in the ruminal 

content.4,6,13 The suspected feed is the prefer-

able sample for toxicology as the concentra-

tion of monensin in the ruminal content may 

be lower than that of the feed ingested due to 

absorption and/or ruminal breakdown4. 

 

Cattle may accidentally ingest Senna spp. 

when grazing or consuming feed contami-

nated with the plant.5,8,12,13 Although Senna 

spp. poisoning typically causes multifocal mo-

nophasic necrosis, a similar pattern of necrosis 

to that induced by ionophore toxicosis,3 ab-

sence of this toxic plant in the feedlot pen and 

beans and/or seeds in the feed and ruminal 

content would disfavor Senna spp. poisoning. 

Moreover, cattle grazing forage in soils defi-

cient in selenium and/or being offered feed 

with low vitamin E content may develop nu-

Figure 3-3. Heart, calf.  A) Expanding the perimysium and replacing areas of cardiomyocyte loss are 

dense aggregates composed of plump spindled to stellate cells, fibroblasts, and macrophages (HE, 

200x). B) These plump spindled cells (black arrows) had large prominent nuclei with condensed, 

linear, deep basophilic chromatin (Anichkov cells or caterpillar cells) (HE, 400x).  (Photo courtesy 

of: University of Florida, College of Veterinary Medicine, Department of Comparative, Diagnostic, 

and Population Medicine, Gainesville, Florida, USA. https://cdpm.vetmed.ufl.edu/) 
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tritional myopathy.3,7 This condition com-

monly affects young animals, up to 6 months 

of age, ingesting poor-quality feed.3 Since the 

calf, in this case, was in a similar age group 

and with myodegeneration and myonecrosis, 

selenium/vitamin E deficiencies were consid-

ered possible differentials. However, the typi-

cal multifocal polyphasic necrosis encoun-

tered with nutritional myopathies was not seen 

in this case,3 decreasing the likelihood of nu-

tritional myopathy. The moderately elevated 

levels of vitamin E and normal concentration 

of selenium in the submitted liver sample ex-

cludes selenium and vitamin E deficiencies as 

the cause of myodegeneration and myonecro-

sis in this calf.  

 

Interestingly, all affected animals in the herd 

involved lighter animals, which is not usually 

the case in diet-related toxic causes where 

dominant animals may be exposed to a higher 

toxin dose. However, the animals in this herd 

were offered feed according to the average 

daily intake for the group based on the average 

herd weight. Therefore, by potentially receiv-

ing a higher dosage of monensin for their in-

dividual weight, it is possible these lighter an-

imals were more susceptible to toxicosis. 

Deaths were not observed in the herd after dis-

continuing the monensin-supplemented feed. 

 

Contributing Institution:  

University of Florida, College of Veterinary 

Medicine, Department of Comparative, Diag-

nostic, and Population Medicine, Gainesville, 

Florida, USA. 

https://cdpm.vetmed.ufl.edu/ 

 

JPC Diagnoses: 

Skeletal muscle, myofibers: Degeneration and 

necrosis, monophasic, multifocal, moderate.  

 

JPC Comment:   

This case is a good example of a monophasic 

myonecrosis supported by ancillary diagnos-

tics and a comprehensive writeup from the 

contributor.  The lesions in the submitted 

slides are significantly less profound than the 

ones photographed by the contributor, but is 

consistent with “real-world” lesions in many 

cases of ionophore toxicosis. 

 

Conference participants offered a number of 

interesting causes for this case including ion-

ophores, vitamin E / selenium deficiency 

(white muscle disease), trauma (e.g. downer 

cow, capture myopathy) and glycogenosis 

type II. In downer cattle, massive focal necro-

sis of skeletal muscle is the result of ischemia 

driven by marked pressure i.e. the weight of 

the body is sufficient to collapse both venous 

and arterial blood flow.3 The section examined 

lacked vascular changes and significant edema 

that would be anticipated as part of a reperfu-

sion syndrome however. Given that Pompe’s 

disease (type II glycogenosis; a lysosomal 

storage disease) has been described in Brah-

man cattle as a cause of skeletal muscle dys-

function8,11, it does merit consideration in this 

case. However, the underlying cause is an au-

tosomal recessive gene defect in acid maltase 

(acid α-glucosidase) with the net effect being 

the inability to breakdown glycogen within ly-

sosomes during normal cellular metabolism. 

As such, major effects are noted in glycogen-

rich, glucose-dependent tissues such as the 

heart and CNS with cardiac dysfunction and 

failure being the ultimate cause of death. The 

major histologic feature of Pompe’s disease is 

marked vacuolation of skeletal myocytes, car-

diac myocytes, and neurons of the PNS/CNS 

with vacuolization representing glycogen 

within lysosomes than can be confirmed via 

periodic acid-Schiff (PAS) with diastase treat-

ment.8 This is not the predominant micro-

scopic feature in this case. 
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Figure 4-1.  Cerebrum, rhesus macaque.  One 
section of cerebrum is submitted for exami-
nation.  at subgross magnification, there are 
extensive areas of cavitation within the sub-
cortical white matter.  (HE, 5X) 
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CASE IV:  

Signalment:  

58 month-old, female rhesus macaque 

(Macaca mulatta) 

 

History: 

A female rhesus macaque was infected in-

trarectally with simian-human immunodefi-

ciency virus [SHIV]. The monkey was on 

treatment for chronic diarrhea. Twenty eight 

months after infection, the animal developed 

acute epistaxis, ataxia, and a left-sided head 

tilt. The monkey was humanely euthanized 

due to worsening neurologic deficits. 

 

Gross Pathology: 

The monkey was in lean body condition with 

adequate hydration. The right axillary lymph 

node and spleen were mildly enlarged. No le-

sions were present in the heart, lungs, liver, 

kidneys, gastrointestinal or reproductive tract.  

 

Although epistaxis was not noted grossly, 

there was blood on the swab collected for bac-

terial culture.   

 

 
Figure 4-2. Cerebrum, rhesus macaque.  Areas 
of cavitation contain gliovascular strands and 
numerous Gitter cells. (HE, 49X) 

 

 

 
Figure 4-3. Cerebrum, rhesus macaque. Adja-
cent to areas of necrosis, there is marked 
gliosis with numerous gemistocytic astrocytes 
and vessels are prominent due to endothelial 
hypertrophy.  (HE, 122X) 

 

Laboratory Results: 

Nasal culture: Bordetella bronchiseptica 

 

No pathogens were noted by fecal bacterial 

culture. PCR results were negative for Enter-

ocytozoon bieneusi and Cryptosporidium par-

vum of the liver,  Mycobacterium sp. of the 

mesenteric lymph node and Helicobacter sp. 

of the stomach. 

 

Microscopic Description:  

Cerebrum: Within white matter, there is mul-

tifocal, severe parenchymal loss/cavitation 

with numerous central Gitter cells. Around the 

edges of the cavities there is marked gliosis. 

Oligodendrocytes are markedly enlarged, up 

to 5x normal, and contain variably-sized, ba-

sophilic – ground glass inclusions. Reac-

tive(gemistocytic) astrocytes are markedly 

pleomorphic, bizarrely shaped, bi- or trinucle-

ated and contain large, basophilic - ground 

glass inclusions. Similar astrocytes are present 

in the superficial cortex. Numerous vessels 

with markedly hypertrophic endothelial cells 

extend from the meninges and are present 

around and within the areas of cavitation. Few 

neutrophils and lymphocytes are present 

around some vessels. In the meninges, few 

lymphocytes, plasma cells and macrophages 

are present.  
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PCR: SV40 was not detected on formalin 

fixed brain. 

 

EM: Within the nucleus of oligodendrocytes, 

there are numerous, tightly packed, 40-45 nm 

viral particles arranged in paracrystalline ar-

rays. 

 

Contributor’s Morphologic Diagnosis:  

Cerebrum: Leukoencephalomalacia, severe 

with oligodendrocytic and astrocytic intranu-

clear inclusions and marked vascular hyper-

plasia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Condition: Progressive multifocal leu-

koencephalopathy 

 

Contributor’s Comment:  

SV40, Simian vacuolating virus 40, is a non-

enveloped, 40 - 45nm, double stranded, circu-

lar, DNA virus of the polyomavirus fam-

ily.6,9,11 Transcription of the early regions of 

the viral genome produces large tumor antigen 

(LTag) and small tumor antigen (STag) pro-

teins. Transcription of the late regions pro-

duces capsid proteins VP1, VP2, and VP3 and 

agnoprotein.5,9,10  

 

Figure 4-4.  Cerebrum, rhesus macaque. High magnification of gemistocytic astrocytes in areas of 

gliosis. (HE, 122X) 
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Viral infection begins with VP1, VP2 and VP3 

receptor mediated endocytosis.9 Once in the 

nucleus, viral LTag stimulates host cell DNA 

synthesis and induces the cell to enter into S-

phase and begin DNA synthesis. Small tumor 

antigen (STag) is not necessary for viral repli-

cation, but it enhances efficiency of viral rep-

lication by stimulating cells to move from 

G0/G1 to S phase.10 Agnoprotein regulates vi-

ral proliferation.5  

 

In addition to its capacity to cause lytic infec-

tion, SV40 LTag can cause malignant trans-

formation by binding to and inactivating tu-

mor suppressor proteins, retinoblastoma 

(pRb), p53, p107 and p130.10  SV40 can cause 

tumors in vitro, or when the virus is injected 

into rodents or non-native hosts.6,10,11 

 

SV40 is endemic in Rhesus macaques and is 

spread by exposure to bodily fluids such as 

urine or respiratory droplets. SV40 infection 

causes inapparent infection or mild respiratory 

disease or cystitis. After a period of viremia 

and viruria, the virus then settles in the kid-

neys and remains latent in immunocompetent 

animals.6,11 In SIV (+) animals, virus may be 

found in kidney, brain, lungs and mononuclear 

cells.6 Clinical disease occurs after immuno-

suppression due to SIV/SHIV infection, treat-

ments with immunomodulatory medications 

or antirejection drugs given after experimental 

organ transplantation.11-13 Clinical signs may 

be nonspecific, or due to other opportunistic 

infections, and include anorexia, diarrhea, 

anemia, and tissue wasting. Neurologic signs 

may include head tilt, ataxia, and blindness.8 

At necropsy, multifocal malacia may be visi-

ble at the junction of grey and white matter 

and subependymal grey matter of the cere-

brum.13 

 

In the CNS, two types of lesions may be 

found. The first resembles the changes seen in 

progressive multifocal leukoencephalopathy 

(PML) in humans. Demyelination due to in-

fection and destruction of oligodendrocytes 

are found multifocally in white matter, espe-

cially at the junction with gray matter. 

Changes also may be found in subependymal 

grey matter.6,11 Around foci of demyelination, 

remaining oligodendrocytes are enlarged and 

may contain basophilic – ground glass intra-

nuclear inclusions. Gemistocytic astrocytes 

have a bizarre appearance and also may have 

inclusions. Numerous Gitter cells contain my-

elin debris.6,11,13 The second type of lesion is 

meningoencephalitis of the superficial grey 

matter with little demyelination. In this form, 

inflammation expands the meninges and ex-

tends along vessels into the grey matter. More 

astrocytes than oligodendrocytes are affected 

although both cell types can have intranuclear 

inclusions. Vessels in affected areas have hy-

pertrophic endothelial cells.11,13 Both PML le-

sions and meningoencephalitis may be present 

in the same animal.11 

 

In addition to the microscopic lesions in the 

CNS, there may be changes in the kidneys and 

lungs. In the kidneys, often at the corticome-

dullary junction, enlarged and vacuolated tub-

ular or necrotic epithelial cells containing in-

tranuclear inclusions along with tubulointer-

stitial nephritis may be present. In the lungs, 

there may be interstitial pneumonia with intra-

nuclear inclusions in hypertrophic type 2 

pneumocytes.6,11-13 On electron microscopy, 

45nm particles are arranged in paracrystalline 

arrays within the nucleus.6 

 

Macaques, African green monkeys, baboons, 

chimpanzees, marmosets and squirrel mon-

keys, can be infected by polyoma virus.11,13 

Polyomaviruses in other species include: 
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Raccoons: Racoon polyomavirus: malignant 

peripheral nerve sheath tumors and olfactory 

sarcomas.4 

 

Cattle: BoPy-V1, or Epsilon Polyomavirus 

bovis: severe tubulointerstitial nephritis with 

tubular epithelial cell necrosis has been re-

ported in a fetus. However, infection in older 

cattle and humans has not been found to cause 

clinical disease.5 

 

Budgerigars: Avian polyomavirus: Budgeri-

gar fledgling disease, presents with hepatitis, 

ascites, and hydropericardium.7 

 

Geese: Goose hemorrhagic polyoma virus: 

Hemorrhagic nephritis and enteritis disease, 

goslings die acutely with hemorrhagic nephri-

tis and subcutaneous edema.7 

 

In man, BK and JC polyomaviruses are widely 

spread and have a 70%-75% homology with  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SV40.9,11 Most people are infected with BK 

and/or JC viruses in childhood and 70-90% of 

people are seropositive by the time they reach 

adulthood.6,9,11,12 Reactivation of either virus 

by HIV infection, treatment with immuno-

modulatory drugs or immunosuppression fol-

lowing kidney/organ/bone marrow transplan-

tation can lead to CNS or renal disease.6,9 Re-

activation of BK polyomavirus in kidney 

transplant recipients leads to nephropathy/ne-

phritis, hemorrhagic cystitis and urethral ste-

nosis and may lead to graft failure.9,11,12 Reac-

tivation of JC polyomavirus leads to progres-

sive multifocal leukoencephalopathy charac-

terized by demyelination with intranuclear in-

clusions in the oligodendrocytes. Effective 

treatment of HIV by antiviral medications has 

led to a drop of PML seen in individuals with 

AIDS.9 

 

 

 

Figure 4-5.  Cerebrum, rhesus macaque. Glial cells contain large amphophilic intranuclear viral in-

clusions (arrows). (HE, 715X)   
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Figure 4-6.  Cerebrum, rhesus macaque. Elec-
tron micrograph of a viral intranuclear inclu-
sion in an oligodendroglial cell. (TEM, 3000X) 
(Photo courtesy of:  National Institutes of 
Health, 9000 Rockville Pike, Bethesda, MD 
20892) 

 

Laboratory diagnosis, except for urine cytol-

ogy, is based on detecting SV40 LTag, to in-

clude via PCR in CSF, urine, or sera.3,9 Im-

munohistochemistry or in situ hybridization 

using an anti-SV40 LTag antibody can detect 

polyoma virus in renal or brain biopsies.9 In 

urine samples, decoy cells, epithelial cells 

with intranuclear inclusions, and cytoplasmic 

fragmentation, may be used as a screening tool 

but inclusions due to CMV and adenovirus 

may look similar.3 Progression of PML can be 

monitored by MRI.1 

 

Polio vaccines that had been grown on rhesus 

kidney cell cultures and given to people from 

1955 to 1963 were found to have been con-

taminated by SV40.11 Due to the capacity of 

SV40 virus to induce malignant transfor-

mation in cell culture and cause tumors in ro-

dents, there has been controversy over 

whether there has been an increased rate of 

cancer in people who received the contami-

nated vaccine. Studies have had conflicting re-

sults due to different methodologies, cross re-

activity with BK and JC viruses and common 

seropositivity for SV40.10,11 

 

Twelve new human polyoma viruses have 

been identified since 2007. Of the 12 new vi-

ruses, integrated BK virus has been found 

rarely in urological cancers. In addition, 80% 

of Merkel cell carcinomas, an aggressive form 

of skin cancer, have integrated Merkel cell 

polyomavirus. It may be that with newer, more 

sophisticated gene sequencing techniques, the 

association of polyomavirus and cancer may 

become clearer.10 

 

Contributing Institution: 

Matthew Starost, DVM, PhD. 

National Institutes of Health 

9000 Rockville Pike 

Building 28A 

Room 111 

Bethesda, MD 20892 

starostm@ors.od.nih.gov 

 

JPC Diagnosis: 

Cerebrum: Leukoencephalomalacia, multifo-

cal to coalescing, with marked gliosis, gemis-

tocytic astrocytosis, and glial intranuclear vi-

ral inclusions. 

 

Cerebrum: Meningioangiomatosis, focally ex-

tensive, severe.  

 

JPC Comment:   

The contributor provides a detailed summary 

of SV40 that accompanies an equally impres-

sive slide submission for this final case. We 

have covered SV40 leukoencephalomalacia in 

a rhesus macaque before (Conference 13, Case 

3, 2015-2016) though this case presents out-

standing histologic changes. The degree of 

loss of white matter (cavitation), the vascular 

changes, and the increased cellularity (baso-

philia) of the neuropil make this case almost 

diagnostic at subgross magnification (Figure 

4-1). As the contributor notes, both oli-

godendro 
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Figure 4-7. Cerebrum, rhesus macaque. Elec-
tron micrograph of a viral intranuclear inclu-
sion in an oligodendroglial cells which 
demonstrates numerous icosahedral virions 
in paracrystalline array.  (TEM, 30,000X) 
(Photo courtesy of:  National Institutes of 
Health, 9000 Rockville Pike, Bethesda, MD 
20892) 

 

cytes and astrocytes contain characteristic in-

tranuclear inclusions (Figure 4-5) that explain 

the pathogenesis of this lesion. A Luxol fast 

blue and modified Bielschowsky silver stain 

highlighted the severe loss of myelinated ax-

ons in this case. Though not particularly re-

quired at this point in lesion development, 

these stains may be helpful for less dramatic 

cases.  

 

Conference participants were intrigued about 

the profound vascular changes within the cor-

tical gray matter overlying the cavitated areas. 

We consulted with Dr. Andrew Miller (Cor-

nell University) about this atypical meningo-

vascular proliferation and ultimately decided 

to add a second morphologic diagnosis for this 

case. We excerpt his excellent commentary in 

part below: 

 

“…There are 3 primary considerations for the 

vascular changes noted in this case. Foremost, 

the vasoproliferative lesion emanates from the 

meninges and invades into the neuroparen-

chyma around penetrating blood vessels and 

there are clearly two different cell populations 

present. There is one that is more spindled and 

likely derived from meningothelial cells and 

the other is blood vessels lined by reactive en-

dothelial cells. This pattern is typical for men-

ingioangiomatosis, though it is unlikely to be 

directly related to SV40 infection but instead 

a consequence of the profound necrosis of the 

underlying neuroparenchyma.  

 

Additionally, the animal in this case was 

SHIV(+) and proliferative arteriopathy re-

mains an uncommon concurrent lesion that 

can also been seen in SIV infection.2 This pro-

liferative arteriopathy can occur in a variety of 

organs including kidney, lung, and meningeal 

blood vessels where it can be associated with 

CNS infarction. The pathogenesis of this ret-

roviral-associated arteriopathy is poorly un-

derstood; however, it is an important finding 

in a minority of SIV- and SHIV-infected ma-

caques. That stated, these lesions are never as 

large or plaque-like as the area of interest in 

this case and typically present with single to 

small groups of vessels with asymmetric me-

dial thickening, luminal narrowing, and varia-

ble thrombosis and mononuclear inflamma-

tion.2  

 

Lastly, vasculitis and proliferative vascular le-

sions can also be associated with cytomegalo-

virus in immunosuppressed macaques though 

the large, intranuclear inclusions typical of 

those cases were absent in this case.14 The le-

sions of this macaque do not fit the expected 

presentation of either retroviral-associated ar-

teriopathy or cytomegalovirus-associated vas-

culitis.”   
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CASE I:  

Signalment: 

12.5 month old R672C heterozygous rat 

(Sprague-Dawley background) 

 

History:  

This R672C heterozygous rat was reported for 

bilateral hindlimb weakness. On exam, the rat 

was bright, alert, responsive, groomed, and 

had a BCS of 4/5. He was active and able to 

move around the cage using the fore limbs but 

dragged the hind limbs, which had severe pro-

prioceptive deficits (right more severe than 

left). The withdrawal reflex was present but 

diminished in both hind limbs. The tail was 

also limp, and the rat was unable to freely 

move its tail (the tail dropped after picking it 

up and letting it go). There is no experimental 

history for this rat. The phenotype may in-

clude limb contracture, although the research 

group has not observed this phenotype.  

 

Gross Pathology:  

The rat is in fair postmortem condition and has 

a body condition score of 5/5 with substantial 

subcutaneous and visceral adipose stores. 

Within the abdomen, the spleen is markedly 

enlarged. There is a 5 mm x 1 mm green area 

on the serosal surface of the spleen that does 

not extend into the parenchyma. The kidneys 

have bilateral multifocal to coalescing green-

tan foci, ranging in size from ~1mm to 5mm. 

Some of the foci are slightly raised; on cut sec-

tion, they extend into the renal cortex and are 

semi-firm. The left and right renal cortex and 

medulla are moderately diffusely dark red in  

 
Figure 1-1. Kidney, rat. The kidneys have bilat-
eral slightly raised tan to green  nodules ex-
tending into the cortex. (Photo courtesy of: 
University of Washington Veterinary Diagnos-
tic Lab and Comparative Pathology Program, 
Department of Comparative Medicine, The 
Comparative Pathology Program (CPP) | De-
partment of Comparative Medicine (washing-
ton.edu) 

 

color with minimal corticomedullary distinc-

tion. The liver is mildly increased in size and 

is mottled red pink. There is a 1.5 cm x 1 cm 

green tubular soft tissue structure at the level 

of the ventral left lateral liver lobe. There is 

mild segmental reddening of the small intes-

tine. Upon removal of the gastrointestinal 

tract, there are multiple 3-5 mm green soft tis-

sue semi-firm structures within the visceral 

adipose tissue.  

 

The vertebral column is removed from the 

level of the third lumbar vertebrae to the third 

sacral vertebrae. On cross section, within the 

vertebral canal, there is brown-green caseous 

material surrounding the spinal cord. Within  
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Figure 1-2. Kidney, adrenal gland, rat. The 
adrenal gland is diffusely effaced, and the 
renal cortex is multifocally infiltrated by a 
round cell neoplasm. (HE, 4X) 

 

the bone marrow of the femur, there is green 

caseous material that exudes on cut section.  

 

The lungs are mottled light red to pink. The 

heart is mildly enlarged. Within the mediasti-

num, there are multiple, 5mm-7mm green soft 

tissue structures. Within the ventral neck, 

structures of the same appearance are ob-

served, approximately at the level of the cer-

vical lymph nodes. There are no other signifi-

cant findings.  

 

Laboratory Results: 

Mediastinal mass culture: No growth on initial 

plate media. Leuconostoc pseudomesen-

teroides from enrichment broth only – pre-

sume contaminant. 

 

Microscopic Description: 

Kidney: Expanding the interstitium and sepa-

rating the tubules, there is an unencapsulated 

and infiltrative neoplasm characterized by 

sheets of round cells with mild to moderate cy-

toplasm in a scant preexisting fibrovascular 

stroma. Nuclei are circular to ovoid and occa-

sionally reniform, with a single distinct nucle-

olus. In some cells, there is an eccentric nu-

cleus with eosinophilic cytoplasm. Cell bor-

ders are generally distinct. There is moderate 

anisocytosis and anisokaryosis. Mitoses are 

frequent. Many tubular epithelial cells contain 

intracytoplasmic eosinophilic droplets of var-

ying size, up to 20 microns in diameter. The 

adrenal gland is effaced by similar neoplastic 

cells. 

 

The round cell neoplasm also affects the fol-

lowing organs: bone marrow, head (Harderian 

gland, nasal cavity, salivary gland), meninges, 

lung, liver, kidney, lymph node, pancreas, 

spleen, submucosa of the bladder, fat, epaxial 

skeletal muscle, and nerve roots 

 

Contributor’s Morphologic Diagnoses: 

1. Multiorgan hematopoietic neoplasm. 

2. Renal tubular epithelium: Intracytoplas-

mic hyaline droplets. 

 

Contributor’s Comment:  

The neoplasm in this rat is most consistent 

with a hematopoietic neoplasm.  Hematopoi-

etic neoplasms reported in rats include lym-

phoma, granulocytic leukemia (myeloid sar-

coma), and histiocytic sarcoma.2 Hematopoi-

etic neoplasms in general are much less com-

mon in the rat compared to the mouse.2 In one 

report, lymphoma had an approximately 1.5% 

incidence in the Sprague Dawley rat, of which 

large granular lymphocyte lymphoma (or 

mononuclear leukemia) was most common, 

and granulocytic leukemia had a 0.1-0.3% in-

cidence.2  Granulocytic leukemia more often 

involves in the kidney in the rat in addition to 

other organs such as the liver, spleen and bone 

marrow, and cells with ring shaped nuclei or 

large, blastic cells may be seen. 2,3 Histiocytic 

sarcoma is the most common nonlymphoid 

hematopoietic neoplasm reported in the rat 

and is recognized as an age related neoplasm 

in the Sprague Dawley and other strains of 

rat.2, 5 This neoplasm has been reported to 

have an incidence of approximately 1% in 

Sprague Dawley rats, usually affects rats over 

12 months of age, and most commonly affects 

the lung and liver.2,3 Other authors have  
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described the neoplasm affecting hematopoi-

etic organs including bone marrow, spleen and 

lymph nodes in the rat.5 Histiocytic sarcoma 

arises from histiocytes although the exact 

origin of the histiocytic cells remains uncer-

tain.3 These cells arise from the mononuclear-

phagocyte system lineage, and include pro-

monocytes, monocytes, tissue histiocytes, and 

macrophages.3 Histologically, the neoplasm 

may have a granulomatous or sarcomatous ap-

pearance or present as sheets of round cells, 

and multinucleated giant cells are frequently 

observed.4 This neoplasm does not have a 

granulomatous or sarcomatous appearance, 

and multinucleated giant cells are not ob-

served in the present case. 

 

In the rodent, histiocytic sarcoma and occa-

sionally other hematopoietic neoplasms may 

be associated with intracytoplasmic round eo-

sinophilic droplets containing lysozyme in the 

tubular epithelial cells.3 In one study, 74 of 77 

Sprague Dawley rats with  

histiocytic sarcoma had renal hyaline droplet 

accumulation.3 The presence of this feature in  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

rodents with histiocytic sarcoma appears to 

correlate with tumor burden and is likely asso-

ciated with overproduction of endogenous 

protein by the neoplastic cells.3 Other differ-

entials for eosinophilic droplets within the 

proximal tubular epithelium of the rat include 

α-2u globulin nephropathy.3 In the mouse and 

rat, chronic progressive nephropathy and other 

neoplasms may also be associated with hya-

line droplet formation.1  

 

Immunohistochemistry is helpful to confirm 

the diagnosis of hematopoietic neoplasms. 

Macrophages may require a panel of antibod-

ies for diagnosis due to varying phenotypes in 

different tissue environments.6 Common anti-

bodies used in the diagnosis of histiocytic sar-

coma in the rat include CD68 (ED-1) and ly-

sozyme, among others.5,6 Lysozyme is also re-

ported in the diagnosis of granulocytic leuke-

mia, in addition to myeloperoxidase (MPO).6 

Antibodies useful in the diagnosis of lym-

phoma in the rat have also been reported.6 

None of these antibodies,  

 

Figure 1-3. Adrenal gland, rat. Neoplastic rounds cells have a round to indented nucleus and there 

is a high mitotic count. (HE, 900X) 
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Figure 1-4. Kidney, rat. Similar neoplastic cells 
infiltrate the renal cortex.  (HE, 190X)  

 

unfortunately, are optimized in our laboratory 

for the rat. 

 

Contributing Institution: 

University of Washington Veterinary Diag-

nostic Lab and Comparative Pathology Pro-

gram  

 

Department of Comparative Medicine 

 

The Comparative Pathology Program (CPP) | 

Department of Comparative Medicine (wash-

ington.edu) 

 

JPC Diagnoses:  

1. Kidney and lymph node: Hematopoietic 

sarcoma. 

2. Renal tubular epithelium: Intracytoplas-

mic hyaline droplets.  

 

JPC Comment: 

This week’s moderator was Dr. Michael Eck-

haus from the National Institutes of Health 

who provided a lab-animal centric conference 

for participants.  

 

In this first case, conference participants de-

bated the exact origin of neoplastic cells, as 

the reniform nuclei may be seen in neoplasms 

of both histiocytic and granulocytic origin.  To 

better characterize these neoplastic cells, we 

ran typical round cell immmunomarkers 

(IBA1, CD3, CD20, PAX5, MUM1, and lyso-

zyme), all of which were negative.  Unfortu-

nately CD34 and myeloperoxidase, markers 

that should stain cells of myeloid origin were 

immunonegative as well. The gross descrip-

tion of the greenish nodules (figure 1-1) hints 

at a granulocytic (myeloid) leukemia origin, 

but we were unable to confirm their identity 

with more objective means.  Based on the HE 

appearance, we ultimately agreed with the 

contributor on the morphologic diagnosis. 

 

This case is also a nice example of hyaline 

droplets in the kidney of a rat (figure 1-5). 

While most participants recognized the hya-

line droplets and associated them with a diag-

nosis of histiocytic sarcoma in this case, the 

droplets (and neoplastic cells) did not stain for 

lysozyme.   Alpha-2u globulin nephropathy is 

another consideration for these droplets, 

though this animal did not have any history of 

chemical exposure. In Alpha-2u globulin 

nephropathy, hyaline droplets represent sec-

ondary lysosomes containing alpha-2u-globu-

lin bound to a variety of chemicals and/or their 

metabolites with the complex being resistant 

to proteolytic degradation which promotes ac-

cumulation within the cytoplasm.7 Hyaline 

droplets are also a normal finding in male rats, 

albeit at a low background level far less than 

that seen in this case.  

 

 
Figure 1-5. Kidney, rat. Proximal convoluted 
tubular epithelium contains numerous intra-
cytoplasmic protein droplets.  (HE, 900X)  
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CASE II:  

Signalment:  

12-week-old male ABCA4 -/- mouse. 

 

 

 

 

 
Figure 2-1. Caudal abdominal mass, mouse. 
Multiple sections of a caudal abdominal mass 
adjacent to the seminal vesicles is submitted 
for examination. (HE, 5X) 

 

History:  

A 12-week-old male ABCA4 -/- mouse was 

presented for routine necropsy; no associated 

clinical signs were reported.  

 

All procedures performed on animals were in 

accordance with regulations and established 

guidelines and were reviewed and approved 

by an Institutional Animal Care and Use Com-

mittee or through an ethical review process. 

 

Gross Pathology: 

Expanding the abdominal cavity and displac-

ing abdominal organs were multiple variably 

sized irregular masses. The masses were pale 

tan and smooth. 

 

Microscopic Description: 

Mass: Loosely associated with the seminal 

vesicle is a well-demarcated, unencapsulated, 

multinodular neoplastic mass. The densely 

cellular to cystic neoplasm is composed of 

variably differentiated neoplastic cells from 

three, depending on the section, germ cell lay-

ers and multiple tissue types. Ectodermal tis-

sue includes neural tissue, including neurons 

and glial cells, surrounded by neuropil, and 

multifocal nests and cysts of squamous epithe-

lium with variable keratinization. In addition, 

fusiform cells arranged in rosettes, suggestive 

of neuroendocrine origin, are scattered  
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Figure 2-2. Caudal abdominal mass, mouse. 
Scattered throughout the mass is a population 
of poorly differentiated pluripotent cells.   (HE, 
350X) 

 

throughout the mass. Endodermal tissue in-

cludes multifocal variably sized tubules lined 

by cuboidal to columnar epithelial cells. Co-

lumnar epithelial cells are often pseudostrati-

fied and have apical cilia (respiratory epithe-

lium); goblet cells are interspersed. Mesoder-

mal tissue includes multifocal bundles of 

smooth muscle, multifocal foci of osteocytes 

embedded in eosinophilic osteoid and depend-

ing on the section, foci of calcified bone, adi-

pose tissue, and rare aggregates of chondro-

cytes embedded in chondroid matrix (con-

sistent with cartilage). On average, there are 

less than 1 mitotic figures per high power 

field.  

 

Contributor’s Morphologic Diagnosis: 

Abdominal mass, teratoma. 

 

Contributor’s Comment: 

Although uncommon in domestic animals, ter-

atomas have been reported in a wide variety of 

veterinary species. In domestic animals terato-

mas of the testis have been occasionally re-

ported in foals7, while in laboratory animals, 

teratomas have been reported in mice, rats, 

ferrets, and non-human primates.3,4,8,13 In cer-

tain inbred mouse strains, notably 129 mice 

and its substrains, teratomas have been recog-

nized in the veterinary literature as spontane-

ous neoplasms since 1954.4,12 In the 129-

mouse strain, a ter mutation is responsible for 

the increase in teratoma incidence.4 

Thought to arise from multipotent germ cells, 

teratomas have been reported in multiple tis-

sues including brain, adrenal glands, gonads, 

uterus.2,4,10,13 In the nervous system, supra-

sellar germ cell tumors, like teratomas are 

most commonly identified on midline.2 The 

presence of tissue derived from more than one 

germinal layer, ectoderm, endoderm, and/or 

mesoderm, is a requirement for a teratoma di-

agnosis.1,7,11 The presence of two or more ger-

minal layers is a result of the initial somatic 

differentiation of germ cells, giving rise to a 

variety of tissues that can be present in these 

tumors.11 In females, ovarian teratomas are 

considered parthenogenic tumors, as they are 

thought to arise from a single germ cell, which 

has undergone an initial round of meiotic divi-

sion, but not a second.11  

 

Macroscopically, teratomas can be solid 

and/or cystic, and occasionally contain obvi-

ous hair, bone, or teeth.7,11 Histologically, nu-

merous tissue types have been reported to be 

components of teratomas, and these various 

tissue elements can be either mature or imma-

ture.6 In this case, nervous tissues, squamous 

epithelium, respiratory epithelium, adipose  

 

 
Figure 2-3. Caudal abdominal mass, mouse. 
Ectodermal tissue in this field includes well-
differentiated neuropil  with abundant glia, 
cysts of keratinizing epithelial cells, and cysts 
lined by ependymal cells. Mesenchymal tis-
sues include well-differentiated cartilage, and 
several cysts lined by ciliated respiratory epi-
thelium. (HE, 90X). 
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Figure 2-4. Caudal abdominal mass, mouse. 
Endodermal tissue in this field includes nu-
merous cysts lined by enterocytes and goblet 
cells adjacent to disorganized bundles of 
smooth muscle (mesodermal). (HE, 90X) 

 

tissue, smooth muscle, bone, and cartilage 

were all present. Nervous tissue, adipose tis-

sue, and respiratory epithelium are commonly 

found in teratomas.7 

 

Benign teratomas are characterized by well 

differentiated tissue, with no significant hem-

orrhage or necrosis.5 Benign teratomas do not 

invade surrounding tissue and do not metasta-

size, while malignant teratomas have evidence 

of local invasion and/or metastasize.4,5 At 

gross necropsy of this ABCA4-/- mouse, mul-

tiple masses were scattered throughout the ab-

domen, consistent with carcinomatosis and 

malignant behavior. Although standard histo-

logic evaluation of teratomas is likely suffi-

cient for diagnosis, immunohistochemistry 

can be employed to highlight the different tis-

sue types.  

 

Contributing Institution: 

Pfizer Research and Development 

455 Eastern Point Rd.,  

Groton, CT 06340 

www.pfizer.com  

 

JPC Diagnosis: 

Caudal abdominal mass: Teratoma 

 

JPC Comment: 

Teratomas are a regular submission to the 

WSC (Conference 1, Case 4, 2023-2024 and 

Conference 16, Case 2, 2020-2021). Case 2 is 

a classic teratoma with a wide array of recog-

nizable tissues from multiple germ cell layers  

(figures 2-3 through 2-5. Although not needed 

for this case, histo- and immunohistochemical 

stains can assist in the recognition of certain 

tissues. In this case, cartilage is nicely outlined 

by an Alcian blue pH 1.0 while PAS highlights 

mucus within goblet cells and basement mem-

branes adjacent to epithelial tissues. Confer-

ence participants noted ancillary features such 

as an inflammatory exudate (sans bacteria) 

within the cysts lined by respiratory epithe-

lium (however, we refrained from diagnosis 

any type of pneumonia in this case). There was 

brief discussion of the potential behavior of 

this teratoma based on its morphology; partic-

ipants agreed that the morphology appeared 

more “benign” than the history provided by 

the contributor. Other recent WSC submis-

sions have featured more clear examples of  

malignant behavior with invasion of adjacent 

issues  

 

Case reports of teratomas have recently been 

published in cats and in birds.9,14 Extragonadal 

teratomas are unusual in domestic animals;  

two recent feline cases dealt with oropharyn-

geal teratomas.14 Similar to human congenital 

oropharyngeal teratomas, affected cats were 

young and had masses near the sphenoid bone 

consistent with an origin from Rathke’s  

 

 
Figure 2-5. Caudal abdominal mass, mouse: 
Mesodermal tissue in this field includes bone 
and fat.   (HE, 90X). 
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pouch. In contrast, a coelomic teratoma was 

described in a 26 year-old eclectus parrot. 9  

Despite the mass being well-differentiated, the 

large size was sufficient to induce increased 

respiratory effort, lethargy, regurgitation, and 

adhesions to multiple organs. Although the 

mass was successfully resected, the bird de-

compensated and died after surgery.9 This is 

an effective reminder that benign neoplasms 

can still have significant effects on morbidity 

and mortality. 

 

References:  

1. Agnew DW, MacLachlan NJ. Tumors of 

the Genital Systems. In: Meuten DJ, ed. 

Tumors in Domestic Animals, 5th ed. 2017; 

Ames, IA, John Wiley & Sons, Inc., p. 

689-722. 

2. Cantile C, Youssef S. Nervous System, In: 

Maxie MG, ed. Jubb Kennedy and 

Palmer’s Pathology of Domestic Animals, 

6th ed. 2016; St. Louis MO, Elsevier Press, 

vol 1, p. 404. 

3. Cline JM, Wood CE, Vidal JD, et al. Se-

lected Background Findings in Interpreta-

tion of Common Lesions in the Female 

Reproductive System in Macaques. J Tox-

icol Pathol 2008; 142S-163S. 

4. Creasy D, Bube A, de Rijk E, et al. Prolif-

erative and Nonproliferative Lesions of 

the Rat and Mouse Male Reproductive 

System, J Toxicol Pathol 2012; 40: 40S-

121S. 

5. Dixon D, Alison R, Bac U, et al. Nonpro-

liferative and Proliferative Lesions of the 

Rat and Mouse Female Reproductive Sys-

tem. J Toxicol Pathol 2014; 27 (3 & 4 Sup-

plemental):1S-107S. 

6. Epstein JI, Lotan TL. The Lower Urinary 

Tract and Male Genital System. In: Kumar 

V et al. ed. Robbins and Cotran Patho-

logic Basis of Disease. 9th ed. 2015; Phila-

delphia, PA, Elsevier Saunders. p. 959-

990. 

7. Foster RA. Male Genital System, In: 

Maxie MG, ed. Jubb Kennedy and 

Palmer’s Pathology of Domestic Animals, 

6th ed. 2016; St. Louis MO, Elsevier Press, 

vol 3, p. 465-510. 

8. Kirejczyk S, Pinelli C, Gonzalez O, et al. 

Urogenital Lesions in Nonhuman Primates 

at Two National Primate Research Cen-

ters. Vet Pathol. 2021 January; 58(1): 147-

160. 

9. Mayer CC, Richard JN, Lin CM, Conrado 

FO, Hahn S, Graham JE, Bercier M. In-

tracoelomic Teratoma in an Eclectus Par-

rot (Eclectus roratus). J Avian Med Surg. 

2021 Jul;35(2):217-226. 

10. Ogata K, Masahiko K, Miyata K et al. 

Well-Differentiated Teratoma in a Mouse 

Uterus. J Toxicol Pathol 2011; 39: 901-

904. 

11. Schlafer DH and Foster RA. Female Gen-

ital System, In: Maxie MG, ed. Jubb Ken-

nedy and Palmer’s Pathology of Domestic 

Animals, 6th ed. 2016; St. Louis MO, Else-

vier Press, vol 3, p. 359-464. 

12. Stevens LC and Little CC. Spontaneous 

Testicular Teratomas in and Inbred Strain 

of Mice. Proc Natl Acad Sci USA. 1954 

Nov; 40(11): 1080-1087.  

13. Williams BH, Yantis LD, Craig SL, et al. 

Adrenal Teratoma in Four Domestic Fer-

rets (Mustela purorius furo). Vet Pathol 

2001; 38: 328-331. 

14. Yuzbasioglu-Ozturk G, Gulcubuk A, 

Ozturk-Gurgen H, Demirutku A, Akcasiz 

ZN, Ozkul S. An unusual case of oropha-

ryngeal mature teratoma in a kitten. Iran J 

Vet Res. 2023;24(4):365-368. 

 

CASE III: 

Signalment:  

23.5 year old female rhesus macaque (Macaca 

mulatta).  

 

History:  

This monkey had acute, bilateral hind limb pa-

ralysis with intact patellar reflexes and an oth-

erwise normal neurologic exam and was eu-

thanized due to welfare concerns. Two years  
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Figure 3-1. Ovaries and uterus, rhesus ma-
caque. The left ovary (top) is expanded by a 
4.5 x 4 x 4 cm mottled tan to red encapsulated 
mass. The uterus (middle), and right ovary 
(bottom).  (Photo courtesy of: Wake Forest 
School of Medicine, Department of Pathology, 
Section on Comparative Medi-
cine,www.wakehealth.edu). 

 

prior to euthanasia an adenocarcinoma was 

excised from the cecum. 

 

Gross Pathology:  

A 4.5 x 4 x 4 cm, 34.68 g tan to red firm mass 

and effaced the left ovary. On sectioned sur-

face the neoplasm was mottled tan to pink 

with small, scattered areas of central hemor-

rhage and necrosis. The L1-L2 intervertebral 

disc had small hemorrhages and was friable. 

 

Microscopic Description: 

(The submitted slide includes portions of the 

ovarian tumor, oviduct, uterus, and ventral 

segment of the vertebral body.) Left ovary: An 

encapsulated epithelial neoplasm expands and 

effaces the entire ovary.  The neoplastic cells 

are arranged in streams, nests and acini on a 

dense, highly cellular fibrovascular stroma. 

The cells are closely-spaced, and vary from 

columnar where forming acini, to spindle-

shaped when in streams and along the capsule 

margin. They have eosinophilic cytoplasm 

and central nuclei with finely-stippled chro-

matin and single prominent nucleoli. Many 

cells are multinucleated, with up to four nu-

clei. Mitotic figures average 1 per 40x field, 

with rare bizarre forms. The capsule is in-

vaded by neoplastic cells forming single-file 

rows. Central necrosis is prominent, and many 

neutrophils and lymphocytes are scattered 

throughout. Small rafts of neoplastic cells are 

present within the adhered myometrium, and 

in the lumina of uterine vessels. 

 

Vertebra – L2: (ventral aspect of the vertebral 

body): Approximately 70% of the marrow 

cavity is effaced by neoplastic cells similar to 

those described for the ovary, interspersed 

with pale eosinophilic necrotic cellular debris 

and blood. Neoplastic acini invade into and 

through the vetebral cortical bone. The neo- 

 

 
Figure 3-2. Ovary, rhesus macaque. On sec-
tioned surface, the left ovarian neoplasm is 
mottled tan to red with small scattered areas 
of central necrosis and hemorrhage, and is 
contained by a thin fibrous capsule Photo 
courtesy of: Wake Forest School of Medicine, 
Department of Pathology, Section on Compar-
ative Medicine,www.wakehealth.edu). 
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Figure 3-3. Ovary, uterus, vertebra, rhesus ma-
caque. Sections of three organs are submitted 
for examination.  The normal ovarian architec-
ture (bottom left) is effaced by a neoplasm.  
(HE 4X) 

 

plastic stroma is less pronounced than that in 

the ovarian lesion. The remaining bony trabec-

ulae have empty lacunae and are unattended 

by osteoclasts or osteoblasts (necrosis). 

 

Contributor’s Morphologic Diagnosis:  

Ovarian carcinoma with vertebral and uterine 

metastases.  

 

Contributor’s Comment:  

In this case, subsequent histopathologic exam 

revealed a similar smaller neoplasm to that de-

scribed above in the contralateral ovary. Ovar-

ian carcinoma is a rarely reported neoplasm in 

this species,7 and domestic animals in gen-

eral.5 In humans, metastases from the ovary to 

bone is rare, and in one survey of 1,481 cases 

of stage IV ovarian carcinoma, only 32 (3.2%) 

had bone metastases.1 Bilateral carcinomas  

 

 

 

 

 

 

 

 

 

are reported in approximately 25% of humans 

with ovarian cancer,6 and are relatively com-

mon in dogs as well.5 The dense mesenchymal 

component of the primary tumor in this case 

was striking and the morphology did not fit 

into the common subtypes of ovarian carcino-

mas described in domestic animals and hu-

mans, IE: papillary, cystic, serous, endometri-

oid, clear cell or mucinous.5  

 

In humans, differentiating primary ovarian 

carcinoma from metastatic intestinal carci-

noma often proves challenging, as the ovaries 

are common metastatic sites. Metastatic intes-

tinal carcinomas often histologically mimic 

ovarian carcinomas in humans, and while 

identifying the typical features of metastatic 

neoplasms may prove useful, none are consid-

ered highly specific.3 Considering the history 

of intestinal adenocarcinoma in this animal, 

ruling-out intestinal adenocarcinoma was sali-

ent in this case. At necropsy, the entire intesti-

nal tract was closely examined for evidence of 

recurrence but no gross or histologic intestinal 

neoplastic lesions were discovered. 

 

Historically, the immunohistochemical (IHC) 

panel used to differentiate primary ovarian 

carcinoma from metastatic intestinal carci-

noma included cytokeratin-7, cytokeratin-20, 

carcinoembryonic antigen (CEA) and cancer  

antigen-125, summarized in Table 1.3 How-

ever, more recent studies have shown that tu-

mors with a mucinous subtype further compli-

cate diagnostics.4 The contributors determined  
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Figure 3-4. Ovary, rhesus macaque. Ovarian 
architecture is effaced by an epithelial neo-
plasm in which the neoplastic cells form well-
defined tubules and acini on a moderately 
dense fibrous stroma. (HE, 110X) 

 

that this his particular neoplasm was not mu-

cinous. 

 

Unfortunately the COVID-19 global pan-

demic precluded the completion of an IHC 

panel for this case prior to the Wednesday 

Slide Conference submission deadline, but 

will be performed at some stage and the results 

will be submitted.   

 

Contributing Institution: 

Wake Forest School of Medicine 

Department of Pathology, Section on Compar-

ative Medicine 

Medical Center Boulevard, Winston-Salem, 

NC 27157 

www.wakehealth.edu 

 

JPC Diagnoses:  

1. Ovary, uterus: Adenocarcinoma. 

2. Vertebral body: Metastatic adenocarci-

noma.  

 

JPC Comment:  

Dr. Eckhaus noted that in his experience, pri-

mary ovarian neoplasms are very rare in non-

human primates – in his review of nearly 

20,000 cases across almost 40 years at the 

NIH, he noted 4 total cases of ovarian neo-

plasia that were all benign (three adenomas 

and one granulosa cell tumor). 

 

Tissue identification proved to be a bit of a 

problem for participants, as no normal ovarian 

tissue was present on the slide, and the orien-

tation of the uterus is somewhat problematic. 

Intestinal adenocarcinoma, a very common 

malignancy in rhesus macaques, was favored 

by many participants given the formation of 

tubules and acini within the mass.  This proved 

to be an important rule out for this case given 

this animal’s previous history (which partici-

pants were not privy to before the case discus-

sion). We completed the immunohistochemi-

cal panel suggested by the contributor in Table 

1 with the exception of CA 125 which was not 

available in our lab. Neoplastic cells demon-

strate strong cytoplasmic immunopositivity 

for AE1/AE3, consistent with an epithelial ne-

oplasm. CEA, CK 7, and CK 20 were all im-

munonegative, which likely excludes a meta-

static intestinal carcinoma. Other potential dif-

ferentials that we considered are a fimbrial 

(oviductal) adenocarcinoma and uterine ade-

nocarcinoma given the proximity of these ne-

oplastic cells to the uterus (figure 3-6). Ulti-

mately, as ovary cannot be identified as a pri-

mary site on the submitted HE, we prefer a 

morphologic diagnosis of carcinoma within 

the ovary to ovarian carcinoma in this case.  

(We do believe that the contributors correctly 

identified ovary at necropsy; it is simply the 

difficult of making this identification on the  

 

 
Figure 3-5.  Ovary, rhesus macaque. High mag-
nification of neoplastic cells.  (HE, 292X) 

 

 

 

115



12 
 

 
Figure 3-6. Uterus, rhesus macaque. Neo-
plastic cells infiltrated the mural smooth mus-
cle of the uterus.  (HE, 110X) 

 

submitted HE slides which makes us reticent 

to go “all-in” on this histologic diagnosis as 

well. Conference participants found the dra-

matic vertebral changes easier to interpret for 

this case (figure 3-7).  

 

Although ovarian epithelial neoplasms are 

rare in NHPs, they are common in human fe-

males.8 Metastases to bone are rarely reported 

in humans, with a prevalence of approxi-

mately 1% in a large cohort study of over 

32,000 ovarian carcinoma patients.8 The fre-

quency of ovarian neoplasms is companion 

animals is likely adversely impacted by the 

common practice of ovariohysterectomy, alt-

hough malignant epithelial tumors do occur in 

female dogs. In a recent retrospective, 4 out of 

18 dogs with malignant ovarian tumors had 

metastasis to regional lymph nodes, the lung, 

and/or the brain – bone is not a common site 

for metastasis in the dog, either.2  

 

References:  

1. Deng K, Yang C, Tan Q, et al. Sites of dis-

tant metastases and overall survival in 

ovarian cancer: A study of 1481 patients. 

Gynecol Oncol. 2018;150: 460-465. 

2. Goto S, Iwasaki R, Sakai H, Mori T. A ret-

rospective analysis on the outcome of 18 

dogs with malignant ovarian tumours. Vet 

Comp Oncol. 2021; 19: 442–450. 

3. Kir G, Gurbuz A, Karateke A, Kir M. 

Clinicopathologic and immunohistochem-

ical profile of ovarian metastases from col-

orectal carcinoma. World J Gastrointest 

Surg. 2010;2: 109-116. 

4. Lin X, Lindner JL, Silverman JF, Liu Y. 

Intestinal type and endocervical-like ovar-

ian mucinous neoplasms are immunophe-

notypically distinct entities. Appl Immuno-

histochem Mol Morphol. 2008;16: 453-

458. 

5. Meuten DJ. Tumors in domestic animals, 

Fifth edition. ed. pp. viii, 989 pages. 

Ames, Iowa: Wiley/Blackwell; 2017. 

6. Micci F, Haugom L, Ahlquist T, et al. Tu-

mor spreading to the contralateral ovary in 

bilateral ovarian carcinoma is a late event 

in clonal evolution. J Oncol. 2010;2010: 

646340. 

7. Simmons HA, Mattison JA. The incidence 

of spontaneous neoplasia in two popula-

tions of captive rhesus macaques (Macaca 

mulatta). Antioxid Redox Signal. 2011;14: 

221-227. 

8. Zhang C, Guo X, Peltzer K, et al. The 

prevalence, associated factors for bone 

metastases development and prognosis in 

newly diagnosed ovarian cancer: a large 

population based real-world study. J Can-

cer. 2019 Jun 2;10(14):3133-3139. 

 

 
Figure 3-7.  Vertebra, rhesus macaque.  There 
is a metastatic focus within the vertebral 
body, resulting in loss of both trabecular and 
lamellar bone and resulting in a focus of peri-
osteal new bone growth over the neoplasm.  
(HE, 27X) 
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CASE IV: 

Signalment:  

Adult, male African Green monkey 

(Chlorocebus sabeus). 

 

History: 

An adult male African green monkey had been 

wild caught on St. Kitts and arrived in quaran-

tine in Maryland in November 2023 with lim-

ited clinical history prior available to Septem-

ber 2023. 

 

He had four physical exams during September 

and October 2023 at the holding/shipping fa-

cility on St. Kitts which were unremarkable. 

He had received four doses of ivermectin and 

two doses of Drontal plus at the holding facil-

ity. 

 

During the initial quarantine examination in 

November, he was noted to have mild brady-

cardia and a superficial injury on his distal tail. 

His appetite was reduced for biscuits, but he 

was interested in some fruit. On the technician 

recheck several days later he was noted to fall 

off his perch when stimulated.  During the vet-

erinary cage-side exam, he was bright, alert, 

and responsive. His head consistently tilted to 

the right during the exam. When gently stim-

ulated he readily got off the perch and imme-

diately circled to the right 1-2 times. This cir-

cling was repeatable and consistent to the 

right. No ataxia or nystagmus was appreci-

ated. He was started on cerenia and appetite 

monitoring. A behavior consult was unre-

markable. His reduced appetite continued 

through weekend. He was noted to have a pos-

sible right sided-tongue deviation on Decem-

ber 2nd but otherwise clinical signs remained 

relatively static (R sided head tilt w/right sided 

circling). Endoparasitology was positive for 

Schistosoma mansoni ova by fecal floatation 

exam on December 4th. Euthanasia was 

elected due to poor prognosis, and he was sub-

mitted for necropsy two days later.  

 

 
Figure 4-1. Cerebrum, African green monkey.  
One section of cerebrum is submitted for ex-
amination.  at subgross magnification, there is 
multifocal hypercellularity within the menin-
ges and Virchow-Robin’s spaces. (HE, 5X) 

 

Gross Pathology: 

A male African Green monkey was submitted 

following euthanasia with a history of a posi-

tive finding of Schistosoma mansoni on recent 

fecal endoparasite examination. The monkey 

was well-hydrated, well-muscled and con-

tained adequate body fat.  On examination of 

the chest cavity, there were mild adhesions be-

tween the left caudal lung lobe and the tho-

racic wall.  The lung lobes were congested 

with no evidence of pneumonia and these 

lobes floated in formalin.  The heart, kidneys, 

liver, gallbladder, spleen, pancreas and lymph 

nodes appeared normal.  The stomach con-

tained a moderate amount of ingesta and 

formed content was present in the colon.  No 

abnormalities were noted involving the mes-

entery or mesenteric lymph nodes.  The uri-

nary bladder and testes appeared normal.  The 

brain appeared grossly normal. 

 

Laboratory Results: 

Endoparasitology was performed and was 

positive for Schistosoma mansoni ova and En-

tamoeba sp. 
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Microscopic Description:  

Histopathology revealed multiple small gran-

ulomas throughout the hepatic  parenchyma 

containing Schistosoma ova. A solitary gran-

uloma containing a Schistosoma ova was 

noted in one of several lung sections. Mild 

nonuppurative pulmonary perivasculitis was 

present. Examination of sections of cerebrum, 

cerebellum, medulla and spinal cord revealed 

meningoencephalitis with multiple granulo-

mas containing Schistosoma ova in the cere-

brum, cerebellum and medulla. Sections of the 

middle/inner ears appeared normal. No other 

histologic lesions were noted.  

 

Contributor’s Morphologic Diagnosis: 

Cerebrum: encephalitis, granulomatous, mul-

tifocal containing Schistosoma mansoni ova.  

 

 

 

 

 

 

Contributor’s Comment: 

Schistosomiasis (also known as bilharziasis) 

is named after Theodor Bilharz, a German sur-

geon who discovered S. haematobium in 1851.   

 

Schistosomiasis is a major problem world-

wide with over 230 million people infected 

and approximately 200,000 deaths annually.  

It has been reported in over 52 countries pri-

marily affecting the Eastern Mediterranean, 

South American, Africa, and the Caribbean.11 

The cause is a blood borne trematode, Schis-

tosoma sp. with three primary species – S. 

mansoni, S. japonicum and S. haematobium. 

Laboratory identification commonly relies on 

identification of parasitic eggs in fecal mate-

rial. The morphology of the eggs is character-

istic for each species with S. mansoni having 

a distinct lateral spine.  

 

The life cycle of Schistosoma mansoni is com-

plex and indirect, requiring infection of an in-

termediate freshwater Biomphalaria snail. 

Figure 4-2. Cerebrum, African green monkey.  Meninges and Virchow-Robins spaces are expanded 

by numerous macrophages, lymphocytes and plasma cells as well as hemorrhage.  Within the pa-

renchyma, there are scattered microgranulomas which are centered on schistosome eggs.  (HE, 

83X) 
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Cercariae are released after 4-6 weeks from in-

fected snails and may survive up to 72 hours.  

 

Cercariae attach to the skin of definitive hosts 

and penetrate the skin to enter dermal vessels,  

ultimately reaching the pulmonary and hepatic 

vasculature with maturation to adults in mes-

enteric veins. Male and female adults maintain 

a copulatory union in the mesenteric vessels. 

Ova travel to the lumen of the intestinal tract, 

are shed in feces, and hatch to free swimming 

cercariae which can survive up to 3 weeks be-

fore infecting appropriate snails to complete 

the life cycle.11 

 

Schistosomiasis is a significant zoonotic dis-

ease. While humans are the definitive host, 

other vertebrate animals may play a signifi-

cant role with the ability to transmit the agent 

within the environment. Wild rodents, domes-

ticated animals, and nonhuman primates can 

serve as additional hosts for this infection.2  

Nonhuman primates including African green 

monkeys, patas monkeys, chimpanzees, and 

baboons have become infected with Schisto-

soma mansoni in a number of different Afri-

can and Caribbean countries.5 In 2019, an Af-

rican green monkey from St. Kitts tested pos-

itive on fecal examination for S. mansoni. This 

was the first positive report in an African 

green monkey on St. Kitts after the island was 

declared negative for the presence of S. man-

soni during the preceding 50 years.6 

 

Figure 4-3. Cerebrum, African green monkey. Higher magnification of microgranulomas containing 

schistosome eggs.  Eggs are surrounded by a yellow-brine hyaline shell and often contain a miracid-

ium. (HE, 151X) 
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Diagnosis of Schistosoma mansoni relies pri-

marily on endoparasitologic examination of  

fecal matter for shed ova. Due to possible dis-

continuous and insufficient shedding of ova  

 

fecal examination should be conducted ana-

lyzing several samples collected on alternate 

days. PCR analyses for Schistosoma ITS-2 

DNA sequence can be employed and indirect 

serologic assays are also available. Clinical 

findings may include fever, hepatosplenomeg-

aly, eosinophilia and possibly CNS  

 

signs.8 The treatment of choice for schistoso-

miasis is praziquantel which targets adult par-

asites.  The drug induces paralysis of the adult 

parasites which detach from vessel walls al-

lowing the ability of host’s immune responses 

to target the parasites. Additional drug thera-

pies and several vaccines are currently in de-

velopment.8 

 

Morbidity is primarily due to the significant 

antigenicity of the circulating ova which may 

reach a variety of organs/tissues including the 

liver, spleen, lung, intestinal tract, testes, epi-

didymis, prostate, uterus, eye, brain and spinal 

cord.4 The inflammatory cell reaction in schis-

tosomiasis is principally due to the intense 

granulomatous reaction to the dispersed ova. 

Ova become surrounded by T and B lympho-

cytes, epithelioid macrophages, foreign body  

type giant cells, eosinophils, and limited num-

bers of neutrophils. Chronic infection results 

in the development of fibrosis with collagen 

deposition (1). Numbers of studies of the gran-

ulomas have identified various lymphocytic 

subsets including B cells, Th17 cells and Treg 

cells, as well as various cytokines, chemo-

kines and vascular endothelial factor.3 

 

Neurologic involvement of Schistosoma man-

soni infection can affect both the brain and 

spinal cord. The development of CNS signs 

depends on the relative numbers of ova within 

the brain and spinal cord and the severity of 

the accompanying inflammatory cell reaction. 

Clinical signs may include ataxia, nystagmus, 

visual impairment, and seizures. Vascular em-

bolization of individual eggs is the most com-

mon mode for CNS involvement.7 

Figure 4-4.  Cerebrum, African green monkey. High magnification of schistosome eggs.  A lateral 

spine is present on one (arrow).   
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Contributing Institution:  

Diagnostic and Research Services Branch, Di-

vision of Veterinary Resources, National In-

stitutes of Health, Bethesda, Maryland 

 

 

JPC Diagnosis:  

Cerebrum: Meningoencephalitis, granuloma-

tous and eosinophilic, multifocal to coalesc-

ing, moderate with perivascular schistosome 

eggs.  

 

JPC Comment:  

The final case of this conference features a 

short description and an interesting backstory. 

Dr. Eckhaus actually submitted this case and 

was intently interested in the development of 

this lesion given the lack of overt pathology at 

necropsy. From subgross (figure 4-1), peri-

vascular basophilia is indicative of the inflam-

matory response elicited by circulating schis-

tosome ova within and extending from blood 

vessels (figure 4-2). Recognizing that these 

granulomas are centered on blood vessels and 

the lack of other life stages in section (larva or 

adult) is helpful for ruling out other metazoan 

parasites as the cause of the meningoencepha-

litis in this case. We were able to speciate the 

schistosome as S. mansoni by the distinct lat-

eral spine (figure 4-4, arrow) which S. japoni-

cum and S. haematobium lack. Conference 

participants briefly reviewed other sections of 

this case provided by Dr. Eckhaus, but were 

unable to identify adult schistosomes in sec-

tion. As this animal was dewormed with pra-

ziquantel multiple times before developing 

overt clinical disease, it is likely that  deworm-

ing likely removed adult trematodes from the 

vessels, but had no effect on the eggs already 

present within the bloodstream or perivascular 

tissues. 

 

Finally, we elaborate further on the connection 

between granulomas and the life cycle of 

Schistosoma.9,10 The ova of S. mansoni are 

metabolically active and highly antigenic, a 

combination that allows them to recruit in-

flammatory cells as a means to migrate from 

blood vessels into the lumen of the gut for ex-

cretion.9,10 The ova secretes factors to potenti-

ate attachment to the endothelium as well as 

bias the immune response of the host towards 

a Type 2 (Th2) response with marked in-

creases in IL-4, -5, and -13.9,10 Interestingly, 

these same proteins can also upregulate cellu-

lar adhesion molecules such as ICAM-1 on en-

dothelial cells and increase recruitment of in-

flammatory cells to the nascent granuloma. 

The exact mechanism of movement through 

the extracellular milieu is unclear, though the 

role of M2 macrophages and matrix metallo-

protease activity is likely.9 Fibrosis induced by 

the M2 phenotype may also partially protect 

ova from eosinophils and basophils.10 In addi-

tion, ova also have the ability to increase plas-

minogen activation which serves to clear fi-

brin and fibronectin alike. Likewise, how ex-

actly the ova ‘eggs-its’9 out of this granuloma 

to enter the gut lumen has not been described, 

though interactions between the ova, gut mi-

crobiome, and macrophages are a possibility. 

Interestingly, humans and mice models with 

T-cell deficiencies shed fewer ova in their fe-

ces, highlighting the role of Th2 polarity in the 

life cycle of this parasite.  

 

Finally, the timing of this immune relationship 

is key as immature ova do not recruit inflam-

matory cells and evade (initially) granuloma 

formation.10 Additionally, schistosome ova 

only undergo development within the host. 

Together, this may be adaptive in that it en-

sures viable, developed miracidia are ready to 

be released to continue the life cycle. 
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CASE I:   

 

Signalment:  

8-year-old, male castrated, 20.3 kilograms 

crossbreed dog (Canis lupus familiaris)  

 

History:  

The dog was rescued by a local animal shel-

ter and presented to Ross University Veteri-

nary Clinic for panting. All vitals and hema-

tologic and serum chemical analysis results 

were within the reference range. Two weeks 

later, the dog was presented again for evalua-

tion of difficulty breathing, non-productive 

cough, and inappetence. On physical exami-

nation of the most recent consultation, the 

dog was depressed with a lowered head car-

riage and showed signs of dyspnea and ab-

dominal breathing. Auscultation revealed 

muffled heart sounds. The veterinarian dis-

cussed the possibility of a late-stage tumor 

and suggested euthanasia if the condition de-

teriorated due to quality-of-life concerns. The 

patient presented again five days later with 

worsened respiratory distress and recurrence 

of pleural effusion. Euthanasia was elected. 

 

Gross Pathology:  

Abdominal ultrasonography revealed spleno-

megaly with abnormal echogenicity. Thoracic 

radiographs showed pleural effusion, loss of 

silhouette sign, and nodular interstitial pattern 

of the lungs. Thoracocentesis drained out ap-

proximately 1.15 litters of serosanguineous 

fluid from each side. On thoracic radiographs, 

after thoracocentesis, a persistent opacity was  

 
Figure 1-1. Survey radiographs, dog. Thoracic 
radiographs showed pleural effusion, loss of 
silhouette sign, and nodular interstitial pat-
tern of the lungs.  Thickening and deformity 
of long bones with periosteal new bone for-
mation was noted on bones of the appendic-
ular skeletal, including the humerus (arrows).  
(Photo courtesy of:  Ross University School of 
Veterinary Medicine, St. Kitts, West Indies 
www.veterinary.rossu.edu). 

 

noted in the left caudal lung field. On skeleton 

radiographs, marked thickening and deformity 

of long bones with periosteal new bone for-

mation was noted on distal bones of both front 

and hindlimbs, including the humerus, radius, 

carpus, tibia, ulna, metatarsal, and metacarpal 

bones. 

On autopsy, approximately 90% of the left 

caudal lung lobe was infiltrated by a raised, 

moderately firm, irregularly shaped tan-white 

mass, 10-cm in largest diameter, with areas of 

hemorrhage, necrosis, and mucus on cross-

sections. The rest of the lung lobes contained 

multifocal white raised nodules up to 1 cm in  
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Figure 1-2. Lung, dog.  A) Approximately 90% 
of the left caudal lung lobe is infiltrated by a 
raised, moderately firm, irregularly shaped 
tan-white mass, 10-cm in largest diameter. 
The rest of the lung lobes contained multifo-
cal white raised nodules up to 1 cm in diame-
ter.  B) Cytologic demonstrates numerous 
pleomorphic polygonal cells admixed with 
fewer neutrophils.  (Photo courtesy of:  Ross 
University School of Veterinary Medicine, St. 
Kitts, West Indies, www.veteri-
nary.rossu.edu). 

 

diameter. The costal, mediastinal, and dia-

phragmatic pleura contained foci of white fi-

brotic plaques and adhesions to the pericar-

dium. The pericardium was diffusely thick-

ened with multiple coalescing white raised 

nodules. The distal esophagus near the cardia 

was thickened and had a 7-cm-diameter cystic 

lesion containing yellow viscous fluid. The 

spleen was attached to the omentum and con-

tained a 2.5 cm round nodule near the attach-

ment site. The caudal pole of the left kidney 

contained multiple raised grey to brown nod-

ules extending to the renal cortex and ap-

peared to be cystic on cross sections. 

 

Laboratory Results: 

In the past four months before the last consul-

tation, serial hematologic and serum chemis-

try analysis during routine checkups showed a 

combination of mild mature neutrophilia 

(13.44 X 103 neutrophils/μL; reference inter-

val, 3.00 X 103 to 12.00 X 103 neutrophils/μL), 

mild non-regenerative anemia, and mild hy-

perglobulinemia (5.6 g/dL; reference interval, 

2.3 to 5.2 g/dL). On serologic qualitative test 

(Snap 4Dx Plus test, IDEXX laboratories Inc), 

the dog tested negative for heartworm disease, 

ehrlichiosis, Lyme disease, and anaplasmosis. 

 
Table 1: Immunochemistry panel (lungs) 

Marker Results 

Cytokeratin 80-90% positivity 

Thyroid transcription 

factor 1 

60-75% positivity 

Napsin A 40% positivity 

 

Microscopic Description:  

Lungs: focally and extensively effacing the 

pulmonary parenchyma is a nonencapsulated, 

non-demarcated infiltrative neoplasm forming 

islands, tubules, and acinar structures and loss 

of polarity with intraluminal  papillary projec-

tions, supported by a prominent fibrovascular 

stroma, admixed with areas of necrosis and in-

flammation characterized by a moderate to 

high number of viable and degenerate neutro-

phils, lymphocytes and plasma cells with the  

 

 
Figure 1-3. Lung, dog.  Two sections of lung 
are submitted for examination.  Effacing ap-
proximately 66% of the pulmonary architec-
ture is vaguely nodular, unencapsulated, 
poorly demarcated neoplasm. (HE, 4X) 
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odd apoptotic cell. The neoplastic cells are 

pleomorphic (columnar to polyhedral) and 

lined the remnant of pulmonary airways with  

round to oval and basal nuclei. Moderate to 

high anisocytosis, anisokaryosis, often kary-

omegaly, and multinucleation with up to three 

nuclei are noted in the cell population. The cy-

toplasm of these cells is eosinophilic, finely 

granular to vacuolated. Mitotic count is 14 per 

2.37 mm2 with atypical mitotic figures. Satel-

lite neoplastic cell clusters are seen in the air-

ways (mostly bronchioles), and lymphovascu-

lar invasion is also present. Adjacent to the ne-

oplasm, inside alveolar spaces, there are many 

foamy macrophages.  Diffusely the pleura is 

expanded by a moderate amount of fibrovas-

cular tissue.  

 

Contributor’s Morphologic Diagnosis:  

Pulmonary adenocarcinoma, acinar and papil-

lary type. 
 

Contributor’s Comment: 

Respiratory distress in dogs can be associated 

with a variety of conditions, including conges-

tive heart failure, upper airway obstruction,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and pulmonary tumors. A multimodal ap-

proach is often required to investigate the 

cause of a dyspneic dog. Besides clinical his-

tory and physical examination, thoracic radio-

graphs are considered the most important di-

agnostic test for pets with lung disease be-

cause imaging studies can provide a wealth of 

information on the presence, location, and in-

tensity of the abnormality to guide differential 

diagnosis and diagnostic plans.1 Though fine-

needle aspiration of the pulmonary paren-

chyma can be viewed as a relatively invasive 

technique, it is inexpensive and safe and its re-

sult turnaround period is fast and should be 

considered when evaluating animals with a 

nodular lung pattern noted on imaging studies. 

 

Primary lung tumors are relatively uncommon 

in domestic animals. However, pulmonary ad-

enocarcinoma is the most commonly diag-

nosed primary pulmonary tumor in dogs.4,6 

The most frequent clinical sign associated 

with pulmonary carcinoma in dogs was 

coughing (52%), followed by dyspnea (24%), 

lethargy (18%), and weight loss (12%).5 How 

 

Figure 1-4. Lung, dog. Alveoli, bronchioles, and vessels contain neoplastic cells. (HE, 58X) 
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ever, in the same survey, 25% of the pulmo-

nary carcinoma cases were incidental findings 

with no evident clinical signs of respiratory 

disease before diagnosis. 

 

The lung is also a frequent site for tumor me-

tastasis, and it can sometimes be difficult to 

differentiate primary pulmonary neoplasms 

from metastatic neoplasms originating from 

another location. Immunohistochemistry on 

thyroid transcription factor-1 (TTF-1) and 

Napsin A are recommended to confirm the di-

agnosis of primary pulmonary neoplasia.7 In 

the present case, within the lungs, the pulmo-

nary adenocarcinoma had spread through 

bronchial invasion and re‐aspiration with in-

tra‐airway seeding in other lobes and lympho-

vascular invasion The neoplasm also dissemi-

nated to the pericardium and esophageal se-

rosa, most likely through direct extension. The 

fibrous pleuritis was thought to be from the 

rubbing effects of the neoplasm between the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

pulmonary and parietal pleura. The hyper-

trophic osteopathy demonstrated by the thick-

ening of cortical bones is a common parane-

oplastic syndrome associated with thoracic 

space-occupying lesions,6 of which the exact 

mechanism is still unknown. The combination 

of hyperglycemia and mild mature neutro-

philia supports that the patient was under 

stress and, in combination with the mild non-

regenerative anemia, likely represented a re-

sult of chronic disease, such as cancer. 

 

Contributing Institution:  

Department of Biomedical Sciences   

Ross University School of Veterinary   

Medicine, St. Kitts, West Indies   

www.veterinary.rossu.edu   

 

JPC Diagnosis: 

Lung: Pulmonary adenocarcinoma.  

 

 

Figure 1-5. Lung, dog. Alveoli and airways are lined by pleomorphic columnar epithelial cells which 

form papillary projections.  There are numerous viable and degenerate neutrophils admixed with 

cellular debris within some airway lumina that contain neoplastic cells, and numerous lympho-

cytes and plasma cells within the fibrotic stroma of the neoplasm. (HE, 222X) 
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Figure 1-6. Lung, dog.  High magnification of 
pleomorphic neoplastic cells. (HE, 554X) 

 

JPC Comment:   

This week’s moderator was Dr. Taryn Do-

novan who is the head of Anatomic Pathol-

ogy at the Animal Medical Center (AMC) in 

New York City. The conference cases had a 

decidedly cardiopulmonary emphasis with 

the first case being an opportunity to revisit 

the nomenclature of pulmonary neoplasms. 

Conference participants noted that the exact 

pattern of this adenocarcinoma was difficult 

to pin down with examples of papillary, aci-

nar, and lepidic patterns all within the same 

neoplasm though this distribution was hardly 

uniform (figures 1-4 and 1-5). Dr. Donovan 

emphasized that morphology has diagnostic 

significance in the human literature3 though 

data (and relative importance) is still being 

weighed in domestic animals. In particular, 

lepidic patterns (growth along a pre-existing 

alveolus) may be important if it is the only or 

predominant pattern as the lack of disruption 

of the existing pulmonary architecture may 

include some benign diagnoses such as bron-

chioalveolar hyperplasia and less aggressive 

neoplasms (in situ and minimally invasive 

carcinomas) that carry a better prognosis.3  

Conversely, patterns that disrupt existing pul-

monary architecture (e.g. papillary) are far 

more likely to be associated with an invasive 

neoplasm and poorer prognosis. Although not 

conducted for this case, a Verhoeff-Van Gie-

son stain for elastic fibers may help to illus-

trate this concept as papillary patterns will 

lack elastin fibers. Conference participants 

also discussed micropapillary patterns which 

are noted to confer the worst prognosis 

though this nomenclature has not caught on 

in the veterinary literature. Dr. Donovan de-

scribed this pattern as ‘florettes’ with cluster-

ing of small numbers of neoplastic cells 

within alveolar spaces that lacked the more 

robust stalk of supporting stroma of a true pa-

pillary pattern (figure 1-6). Participants also 

noted evidence of lymphovascular invasion 

in section with neoplastic cells within a lym-

phoid vessel, though distinguishing this from 

an acinar pattern with surrounding myofibro-

blastic stroma (and an adjacent micropapil-

lary focus) prompted some careful second 

looks among the group. Dr. Donovan noted 

50% of canine and 38% of feline cases in a 

recent literature meta-review noted a papil-

lary pattern as the predominant morphology 

of primary pulmonary tumors among the arti-

cles4 reviewed. 

As the contributor notes, delineating the 

origin of pulmonary masses requires consid-

eration of both primary and metastatic neo-

plasia. We ran IHCs for AE1/3, TTF-1, CK7, 

Napsin A, vimentin, and P40. Our results 

mirrored the contributor’s (figure 1-7). Neo-

plastic cells were also modestly immunoreac-

tive for CK7, but not for P40 (marker for 

squamous differentiation). Altogether, these 

findings confirm the diagnosis of a primary 

lung adenocarcinoma. One interesting feature 

of this case was that select neoplastic cells 

also expressed vimentin, consistent perhaps 

with a change in phenotype i.e.  epithelial to 

mesenchymal transition (EMT)2, though this 

can also be a feature of poorly differentiated 

carcinomas as well. EMT of type II pneumo-

cytes is coordinated via cytokines in response 

to disruption of normal lung architecture – in 

neoplasia, this also is associated with in-

creased ability of transitioning cells to in-

vade.2 

Lastly, this case features ancillary diagnostics 

that are worth a quick look. The contributor  
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provides a solid example of hypertrophic os-

teopathy (figure 1-1) and representative cy-

tology of a lung aspirate (figure 1-2) that tie 

this case together. 
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CASE II:  

 

Signalment:  

4-month-old, intact male mixed breed dog 

(Canis lupus familiaris). 

 

History:  

This animal had severe upper respiratory 

signs with green nasal discharge, severe con-

junctivitis, lethargy, loss of appetite and de-

hydration.  

 

Gross Pathology:  

Examined is a 5.75 kg, juvenile (4-months-

old) intact male mixed breed dog in good 

postmortem condition. A moderate amount of 

thin red-tinged transparent fluid exudes from 

the nasal and oral cavities. There is some 

mild frond-like proliferation of the skin on 

the dorsal nasal planum. The nasal turbinates 

are mostly reddened. There is negative pres-

sure and approximately 125 mL of semi- 

Figure 1-7. Lung, dog.   Neoplastic cells demonstrate strong immunopositivity for cytokeratin, and 

scattered immunopositivity for thyroid transcription factor-1 and napsin A.  (Photo courtesy of:  

Ross University School of Veterinary  Medicine, St. Kitts, West Indies, www.veterinary.rossu.edu)  
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Figure 2-1. Lung, dog. The lungs fail to col-
lapse, are diffusely dark red to purple, firm 
and contain innumerable pinpoint white nod-
ules.  (Photo courtesy of:  University of Illinois 
at Urbana-Champaign, Veterinary Diagnostic 
Laboratory, http://vetmed.illinois.edu/vet-
resources/veterinary-diagnostic-laboratory/) 

 

translucent to slightly cloudy, thin, red-tinged 

fluid within the pleural cavity. The lungs fail 

to collapse, are diffusely dark red to purple, 

firm and contain innumerable pinpoint, firm, 

white nodules scattered throughout all lung 

lobes. A few sections float in formalin while 

a few sections sink. The tracheobronchial 

lymph nodes are subjectively enlarged and 

are diffusely dark red. The stomach contains 

a small amount of watery, tan fluid and the 

rugal folds are prominent. The intestinal tract 

contains a scant amount of tan watery in-

gesta. The colon is empty. The serosal sur-

faces of the intestinal tract have a subtle 

ground glass appearance.  

 

Laboratory Results:  

1. Aerobic culture (lungs): Escherichia coli 

(moderate growth), Staphylococcus 

pseudintermedius (moderate growth) 

2. Canine Adenovirus (CAdV) 1 and 2 PCR 

(lung): Negative 

3. Canine Distemper Virus (CDV) PCR 

(lung): Positive  

4. Canine Herpesvirus 1 PCR (lung): Nega-

tive 

5. Influenza A PCR (lung): Negative  

 

Microscopic Description: 

Lung: Multifocally and randomly scattered 

throughout the parenchyma are numerous 

loosely nodular aggregates of amorphous to 

granular eosinophilic debris (necrosis) that 

replaces the normal architecture. Areas of ne-

crosis are characterized by accumulations of 

small basophilic granules (karyorrhectic de-

bris), eosinophilic ghosts of necrotic round 

cells, extravasated erythrocytes (hemor-

rhage), abundant hypereosinophilic granular 

to fibrillar material (fibrin), and low numbers 

of degenerate macrophages. The adjacent al-

veolar spaces are often filled by plump and 

foamy macrophages, low numbers of neutro-

phils, and occasional sloughed degenerate ep-

ithelial cells mixed with hemorrhage, eosino-

philic wispy material (edema) and fibrin. 

Scattered throughout examined sections and 

distending the cytoplasm of macrophages, al-

veolar epithelial cells or occasionally free 

within the tissues adjacent to disrupted mac-

rophages are occasional to few, variably 

sized dense clusters of protozoal organisms. 

Organisms are round to fusiform, 2-4 µm in 

diameter and contain a small, central baso-

philic nuclear body. Rarely, viable and 

sloughed alveolar and bronchiolar epithelial  

 

 
Figure 2-2. Lung, dog. A single section of lung 
is submitted for examination.  Airways and 
alveoli are diffusely filled with a cellular exu-
date.  (HE, 4X) 
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Figure 2-3. Lung, dog.  The exudate filling all 
air spaces is primarily macrophages with 
fewer neutrophils, abundant polymerized fi-
brin, and cellular debris.  (HE, 187X) 

 

cells contain small, eosinophilic intranuclear 

or intracytoplasmic viral inclusion bodies. 

Few bronchioles contain variable numbers of 

degenerate neutrophils and macrophages 

mixed with necrotic debris. The respiratory 

epithelium lining these bronchioles is often 

hypocellular and remaining epithelial cells 

are flattened (attenuated) or angular with 

moth-eaten cytoplasm and pyknotic nuclei 

(necrosis).  

 

Immunohistochemical (IHC) staining of or-

ganisms in the lungs with an antibody target-

ing Toxoplasma spp. is performed. Numerous 

intracytoplasmic discrete clusters and scat-

tered individual 2-4 µm diameter protozoal 

organisms exhibit positive immunostaining.  

 

Other histopathology findings that are not in-

cluded in the provided slide include:  

• Hyperkeratosis of the nasal planum 

• Lymphoplasmacytic conjunctivitis with 

rare viral inclusion bodies 

• Toxoplasma organisms in the bone mar-

row, thyroid gland, and spleen 

• Splenic lymphocytolysis  

• Viral inclusions in mononuclear cells of 

mesenteric lymph node 

 

Contributor’s Morphologic Diagnosis: 

Lungs: Severe, multifocal to coalescing, ne-

crotizing bronchointerstitial pneumonia with 

intranuclear and intracytoplasmic viral inclu-

sion bodies and intracytoplasmic protozoal 

organisms consistent with Toxoplasma spp. 

 

Contributor’s Comment:  

Canine distemper virus (CDV) is caused by a 

Morbillivirus (family Paramyxoviridae)2 and 

has been shown to infect a wide variety of 

carnivores, including members of Canidae 

(domestic and wild dogs), Mustelidae (fer-

rets, mink), wild members of Felidae, rac-

coons6 and skunks.1 In addition to many ter-

restrial carnivores, some species of seals are 

also susceptible,2 including Caspian seals.8 In 

dogs, virus is transmitted through infected 

bodily tissues,12 particularly respiratory se-

cretions.2 Within the upper respiratory tract, 

virus is phagocytosed by mucosal lympho-

cytes and macrophages, which travel to the 

tonsils and local lymph nodes. Here, the virus 

continues to replicate, infecting more lym-

phocytes and macrophages which then spread 

systemically.12 Within 2-5 days of exposure, 

the virus has spread throughout the body and 

can be found in various lymphoid tissues in-

cluding bone marrow, thymus, and intestinal 

lymphoid tissues.2 Once within lymphoid tis-

sues, the virus can then spread to and infect 

epithelial and mesenchymal (pantropic) cells 

throughout the body, particularly within the 

respiratory, nervous and alimentary sys-

tems.12  

 
Figure 2-4. Lung, dog.  High magnification of 
alveolar septa and lumina demonstrating the 
luminal exudate and the expansion of alveo-
lar septa by inflammatory cells, edema, and 
hyperplastic type II pneumocytes.  (HE, 554X) 

 

130



9 
 

 
Figure 2-5. Lung, dog.  Numerous cell types, 
including airway epithelium, alveolar macro-
phages, and Type II pneumocytes contain a 
large cytoplasmic cyst with numerous 2-3um 
round zoites consistent with Toxoplasma 
gondii (arrows).  (HE, 554X) 

 

Within the respiratory tract, viral infection 

leads to death of pneumocytes, bronchiolar 

epithelium and macrophages, leading to im-

paired oxygen exchange, removal of debris 

and potential infectious organisms and de-

creased phagocytic and antigen-presenting 

ability by macrophages.12 Grossly, lesions of 

the respiratory tract include mucopurulent ex-

udate within the nasopharynx as well as bron-

chointerstitial pneumonia characterized by 

patchy to diffuse red-tan, rubbery lesions,2 

both of which are seen in this case. Histologi-

cally, mild suppurative inflammation within 

bronchioles as well as necrosis, attenuation of 

bronchiolar epithelium and intracytoplasmic 

(rarely, intranuclear outside of the nervous 

system) inclusion bodies may be observed.2  

An important potential consequence of CDV 

infection is immune suppression and in-

creased susceptibility to co-infections.2 Infec-

tion of and consequential cell death of lym-

phocytes and macrophages leads to lymphoid 

depletion of the thymus, lymph nodes, tonsils 

and various mucosal-associated lymphoid tis-

sues. Various secondary infections have been 

documented in dogs including bacterial (Bor-

detella, Rhodococcus equi), viral (adenovi-

rus), fungal (Pneumocystis, Cryptosporid-

ium), and protozoal (Toxoplasma, Sarco-

cystis, Neospora).2,4,9,10 Immune suppression 

and secondary infections also play an im-

portant role in CDV infections in many other 

species with co-infections of Sarcocystis and 

Toxoplasma reported in raccoons and 

skunks,1,5,7 and Toxoplasma in mink, ferrets, 

and gray foxes.7 

Toxoplasma gondii is an obligate intracellular 

coccidian protozoal organism9 that utilizes 

felid species as its definitive hosts but can 

likely cause disease in any mammal.11 Sexual 

reproduction only occurs within the feline 

gastrointestinal tract and infectious oocysts 

are released into the environment in feces. 

Transmission to other species occurs through 

ingestion of infected feces within the envi-

ronment.11 In most immunocompetent hosts, 

Toxoplasma does not cause clinical disease, 

but with immune suppression particularly in 

young hosts, can lead to systemic toxoplas-

mosis. Dissemination of infectious tachyzo-

ites occurs in various immune cells (lympho-

cytes, macrophages, granulocytes) or freely 

within the blood.11 Within the lungs, Toxo-

plasma infection is typically characterized 

grossly by small, white foci scattered 

throughout the parenchyma.2 Histologically, 

multifocal necrotizing interstitial pneumonia 

with histiocytic and neutrophilic infiltrates 

and Type II pneumocyte hyperplasia may be 

observed.6 

 

Contributing Institution:  

University of Illinois at Urbana-Champaign, 

Veterinary Diagnostic Laboratory 

http://vetmed.illinois.edu/vet-resources/veter-

inary-diagnostic-laboratory/ 

 

JPC Diagnosis: 

Lungs: Pneumonia, bronchointerstitial, fibri-

nonecrotizing and histiocytic, chronic, dif-

fuse, severe with intranuclear and intracyto-

plasmic viral inclusions, and intracellular and 

extracellular protozoa. 
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Figure 2-6.  Lung, dog.  Rarely, remnant air-
way epithelial cells (arrow) and alveolar mac-
rophages contain one or more small 2-4um ir-
regularly round eosinophilic cytoplasmic in-
clusions.  (HE, 713X) 

 

JPC Comment:  

This second case is a wonderful example of 

an interstitial pneumonia that is generous 

enough to have two separate entities present 

at the same time (figures 2-3 and 2-4)! We 

performed modified Gram stains (Brown-

Brenn, Brown-Hopps) that confirmed the 

bacterial culture results for this case, particu-

larly within the larger airways that contained 

necrotic debris and neutrophilic inflamma-

tion. Though this was a minor feature for this 

case, it fits with the overall immunosuppres-

sion related to canine morbillivirus that the 

contributor nicely outlines. Both Giemsa and 

PAS stains highlighted intrahistiocytic and 

intraalveolar cysts of Toxoplasma, though 

these were also readily apparent on H&E 

alone (figure 2-5). The presence of viral par-

ticles within select alveolar and bronchiolar 

epithelial cells was subtle (figure 2-6), 

though conference participants noted con-

vincing intranuclear and intracytoplasmic in-

clusions. Conference participants also dis-

cussed whether there were viral syncytial 

cells present but were not confident that these 

could be distinguished from multinucleated 

giant cell macrophages. One takeaway from 

this case is that necrotizing pneumonias 

where Toxoplasma is suspected should 

prompt a careful search for an inciting cause 

for immunosuppression with canine morbilli-

virus having recognizable features in section. 

There are several major risk factors for ca-

nine toxoplasmosis. As the contributor notes, 

primary disease is associated with immuno-

suppression.3 Seroprevalence estimates from 

around the world vary, though national esti-

mates vary from 7.9% to 42.8% of dogs.3 Co-

habitation of dogs with cats (the definitive 

host) is associated with greater seropreva-

lence as is outdoor housing of dogs and cop-

rophagy habits. With these data in mind, ex-

posure of dogs to Toxoplasma is a likely 

event in many environments though immuno-

competent animals are typically subclinically 

infected and do not exhibit signs. The role of 

vaccination and the possibility of diminished 

maternal immunoglobulins from poor trans-

fer or lack thereof is worth noting for this 

case, though the history for this animal is 

sparse. 
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Figure 3-1.  Heart, dog.  Coronary blood 
vessels visible on the epicardium are 
thickened and yellow.  (Photo courtesy of: 
Department of Biomedical Sciences and 
Pathobiology, Virginia Maryland College of 
Veterinary Medicine, 
https://vetmed.vt.edu/departments/biomedi
cal-sciences-and-pathobiology.html) 

 

CASE III:  

Signalment:       

A 13-year-old, neutered male, German Shep-

herd dog (canis familiaris) 

 

History:  

The patient had a history of hip dysplasia 

clinically diagnosed when the animal was 7-

years-old and a fully excised mast cell tumor 

when this dog was 10-years-old. This animal 

always had good body condition. Animal was 

found dead without premonitory signs.  

 

Gross Pathology:  

The body had good post mortem preservation 

and good nutritional status, with ample de-

posits of adipose tissue in the subcutis and 

body cavities. There were large amounts of 

fibrin and alimentary contents in the ab-

dominal cavity. In the gastric wall, a focal 

perforated transmural ulcer was identified in 

the fundic area. The lungs were red and wet. 

The myocardium was slightly pale and the  
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Figure 3-2. Heart, dog.  Sections from the 
right (top) and left ventricles are submitted 
for examination.  In both sections, the walls 
of coronary arteries and smaller arterioles 
are markedly thickened.  (HE, 5X) 

 

coronary blood vessels visible on the epicar-

dium were thickened with a yellow, irregular 

plaque-like lesions. No significant findings in 

other internal organs.  

 

Microscopic Description:  

Heart, right and left ventricle: The most sig-

nificant findings were identified in large and 

medium size arteries located in all layers of 

the heart. They all exhibit severe atheromato-

sis, characterized by the presence of numer-

ous cholesterol clefts and foamy macro-

phages within the sub intima and/or in the ad-

ventitia of the vessels. In these areas, there 

are variable amounts of fibrin within the sub 

intima (fibrinoid necrosis) and also attached 

to the endothelial surface (thrombosis), and 

extensive hemorrhages and numerous hemo-

siderin laden macrophages. Some vessels are 

completely occluded with this inflammatory 

reaction. In the myocardium, multifocal areas 

of interstitial fibrosis are noted. In the sample 

collected from the right ventricle, there are 

numerous adipocytes tracking along the ves-

sels in the myocardium (likely as a reflection 

of body condition).  

 

 

Contributor’s Morphologic Diagnosis: 

Heart: Atherosclerosis, severe, multifocal, 

with foamy macrophages, cholesterol clefts 

and multifocal mild myocardial fibrosis. 

 

Contributor’s Comment:  

Multiple vessels in different organs (includ-

ing the stomach, kidney, brain, lung, liver 

and small intestine) displayed atherosclerosis. 

This vascular lesion probably predisposed to 

an area of gastric ischemia/hypoxia, with 

consequent necrosis and rupture of the stom-

ach. The cause for atherosclerosis in this pa-

tient could not be elucidated, due to the ab-

sence of antemortem blood studies. No sig-

nificant gross or histologic findings were 

identified in the thyroid gland, adrenal gland, 

or pancreas. 

Atherosclerosis is defined as a focal or multi-

focal thickening of the arterial walls due to 

the deposition of lipids, forming plaques.6,7 

This condition has been associated with hy-

perlipidemia, which is defined as an elevation 

of plasma concentration of triglycerides 

and/or cholesterol. Hyperlipidemia can be 

physiologic or pathologic. Physiologic hyper-

lipidemia is frequently observed after meals 

(post prandial). Pathologic hyperlipidemia is 

associated with cholestasis, high fat diets, 

drug administration, nephrotic syndrome,  

 
Figure 3-3. Heart, dog.  There is marked inti-
mal hyperplasia and the tunica media is mark-
edly expanded by acicular cholesterol clefts 
admixed with large numbers of foamy macro-
phages, hemorrhage, and mineral.   (HE, 34X) 
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Figure 3-4. Heart, dog.  Higher magnification of 
the arterial wall.   (HE, 103X) 

 

lymphoma or endocrinopathies, such as hy-

pothyroidism, hyperadrenocorticism and dia-

betes mellitus.5,9,11 

In domestic species, rabbits, chickens and 

pigs ae considered “atherosensitive”, whereas 

dogs, cats, ruminants and rats are considered 

“atheroresistant”.9 In dogs, atherosclerosis is 

almost always present in association with hy-

pothyroidism or diabetes mellitus, although 

canine hypertension and obesity has also 

been associated with this condition.  Sponta-

neous atherosclerosis has also been described 

but is considered extremely rare.5  

The pathogenesis of atherosclerosis is not 

completely nor well understood.2 Dogs with 

hypothyroidism have increased very low-

density lipoproteins (VLDL), low density lip-

oproteins (LDL) and high-density lipopro-

teins (HDL).  Dogs with diabetes mellitus 

have increased VLDL and HDL, and dogs 

with hyperadrenocorticism have increased 

LDL.1 As a result of hyperlipidemia, endo-

thelial injury/dysfunction may occur.9 Endo-

thelial cell dysfunction is defined as non-

adaptive alteration in functional phenotype, 

which are fundamental in the regulation of 

hemostasis and thrombosis, local vascular 

tone, redox balance and inflammatory reac-

tion. This dysfunction allows focal permeat-

ing, trapping and physicochemical modifica-

tions of circulating lipoprotein particles in the 

subendothelial space.10 This sequence of 

events leads to platelet adhesion, monocyte 

adhesion and infiltration, and insudation of li-

pid, as extracellular lipid or as intracellular li-

pid in “foam cells”. In addition, multiple 

growth factors and chemokines are generated 

by activated macrophages and endothelial 

cells, which activate smooth muscle cells and 

their precursors to promote their proliferation 

and synthesis of extracellular matrix in the 

intimal compartment. In one individual, nu-

merous atherosclerotic plaques can coexist, 

and each has their own pathobiological evo-

lution.4,9 

The histopathologic lesion of atherosclerosis 

in dogs differs from the human counterpart, 

as the lesion in dogs has been described to 

begin in the middle and outer layers of the 

media and is much more frequent in small 

muscular arteries. The deposition of lipids in 

the internal layers of the media can promote 

disruption of the internal elastic lamina and 

involvement of the intima. In humans, ather-

osclerosis is primarily present in the intima 

and may extend to the tunica media and ad-

ventitia.9 Veins are not affected. Reports of 

immunohistochemical analysis of the ather-

omatous plaques in dogs conclude that lipids 

in the lesions contained low density lipopro-

teins, so they have similar features to human 

atherosclerotic lesions.6  

 
Figure 3-5.  Heart, dog.  In some vessels, the 
lumen is seriously compromised by aggregates 
of cholesterol clefts and macrophages.   (HE, 
103X) 
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Grossly, the lesions are identified as multifo-

cal, sometimes confluent, yellow brown nod-

ules in arterial walls in different organs. The 

heart, kidney and brain are usually more se-

verely involved.9 Miniature Schnauzers (par-

ticularly females) and Shetland sheepdogs are 

predisposed to primary hyperlipidemia and 

are considered to be breeds with high risk for 

developing atherosclerosis.8 

Atherosclerosis can be confirmed by histo-

pathology. Nevertheless, because of invasive-

ness of sampling, the use of diagnostic imag-

ing (CT scanner) may be used to assess the 

antemortem presence of calcified atheroma-

tous plaques and degree of damage. This 

technique is useful in animals without evi-

dence of metastatic calcification or endocri-

nopathy.7 

 

Contributing Institution:  

Department of Biomedical Sciences and 

Pathobiology 

Virginia Maryland College of Veterinary 

Medicine 

205 Duck Pond Drive 

Blacksburg, VA 24061. 

https://vetmed.vt.edu/departments/biomedi-

cal-sciences-and-pathobiology.html 

 

JPC Diagnosis: 

Heart: Atherosclerosis, chronic, diffuse, se-

vere with multifocal cardiomyocyte loss and 

fibrosis. 

 

JPC Comment:   

The contributor provides a detailed look at 

atherosclerosis that accompanies a great 

gross photo (figure 3-1) and a nice histology 

slide as well. The changes within muscular 

arteries are superb and are conveniently laid 

out both in cross-section and longitudinal 

section with a constellation of changes to ap-

preciate (figures 3-2, 3-3, 3-4). Conference 

participants were also interested in the infil 

 

 
Figure 3-6. Heart, dog.  There are scattered ar-
eas of myofiber loss, atrophy, and replace-
ment fibrosis. 

 

tration of adipocytes within the right ventri-

cle and discussed the ultimate genesis. While 

arrhythmogenic right ventricular cardiomyo-

pathy (ARVC) is a good differential for this 

case due to the concurrent fibrous and fatty 

appearance of this section, myocytes lack ac-

tive degeneration/necrosis that would be ex-

pected with ARVC. Instead, another potential 

explanation for these changes is ischemic in-

jury to myocytes with loss and fibrosis – the 

infiltration of adipocytes in a generously ap-

portioned (syn: extremely well-fed) reflects a 

race to see which entity will fill the empty 

space up first. 

We ran Movat’s and Masson’s chromatic 

stains to characterize vascular and perivascu-

lar changes in this case. There is narrowing to 

complete occlusion of the vascular lumina 

(figure 3-5) with marked disruption of the tu-

nica intima to include a focal area with fibrin 

and hemorrhage that may represent a true 

rupture of the coronary artery. Recently, a 

similar case of atherosclerosis was reported 

in a dog that lacked a history of endocrinopa-

thy with distribution of lesions centered 

solely on the abdominal aorta and renal vas-

culature.3 The only clinical signs attributable 

in that presentation however were a history of 

hindlimb paresis and elevated renal values; 

primary cardiac lesions were absent grossly 

and histologically. Lastly, the distribution of 

lesions in this case (primarily subintimal) 

should be contrasted with atherosclerosis in 

136



15 
 

birds where the lesions occur primarily 

within the intima as stiff plaques. For an ex-

ample of recent WSC, refer to Conference 6, 

Case 1, 2023-2024 for a contrasting case in a 

saker falcon. 
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CASE IV:  

Signalment:  

1-year-old, spayed female, domestic shorthair 

cat (Felis catus) 

 

History: 

This patient presented to the Cardiology Ser-

vice for evaluation of a heart murmur. An an-

giogram diagnosed a large, bidirectional pa-

tent ductus arteriosus (PDA). On subsequent 

recheck echocardiograms, shunting transi-

tioned between left-to-right and bidirectional, 

as well as showed progressive right ventricu-

lar hypertrophy. Abdominal ultrasound 

showed development of mild ascites. At final 

presentation, this patient developed marked 

abdominal effusion and abdominocenteses 

with fluid analysis revealed a high-protein, 

exudative effusion. Euthanasia was elected 

due to progressive vomiting and anorexia.  

 

Gross Pathology:  

Examination of the lungs is after formalin 

fixation. The visceral pleura is multifocally 

expanded by dozens of sharply demarcated, 

pinpoint to 0.4 cm in diameter, hemispheric, 

white-tan nodules. On section, the lungs con-

tain dozens of poorly demarcated, firm, tan 

areas. Lung lobes sections float in formalin. 
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Figure 4-1.  Abdominal viscera, cat.   There 
are numerous tan-yellow nodules over the 
abdominal surfaces which range from pin-
point to 1 cm x 0.6 cm x 0.6 cm. (Photo cour-
tesy of:  Schwarzman Animal Medical Center, 
http://www.amcny.org/) 

 

Extrapulmonary lesions include myriads of 

multifocal to coalescing, hemispheric, tan-yel-

low nodules over the peritoneum, omentum, 

serosa, splenic capsule, hepatic surface, renal 

capsules, and renal cortices, which range from 

pinpoint to 1 cm x 0.6 cm x 0.6 cm. Nodules 

often track along mesenteric and renal subcap-

sular veins. The mesenteric, hepatic, pancre-

aticoduodenal, and colonic lymph nodes are 

moderately to severely enlarged and the cut 

surfaces contain dozens of coalescing, poorly 

demarcated, tan-yellow regions. Within the 

abdominal cavity is approximately 80 mL of a 

viscous, mildly turbid, yellow fluid mixed 

with dozens of gelatinous, semi-translucent, 

yellow strands that are loosely adhered to the 

viscera (fibrin). The serosae are rough and dull 

and hepatic and splenic capsules are multifo-

cally cloudy and dull. 

 

Laboratory Results: 

Albumin: 1.9 g/dL (reference 2.6 - 3.9 g/dL) 

Globulin: 6.2 g/dL (reference 3.0 - 5.9 g/dL) 

Albumin: Globulin Ratio: 0.3   

Abdominal effusion: Fluid analysis: high-

protein (greater than 4.0 g/dL), exudative ef-

fusion 

Abdominal Fluid - Feline Coronavirus Real-

PCR: Positive (Biotype FECV) 

Microscopic Description:  

Lungs: The submitted sections of lung show 

multiple overlapping pathologic processes. 

The pleura is multifocally elevated and ex-

panded by an acellular, fibrillar, eosinophilic 

material (fibrin) mixed with karyorrhectic de-

bris (necrosis) and moderate to large numbers 

of lymphocytes, plasma cells, macrophages, 

and neutrophils. Inflammation infiltrates and 

expands the subjacent alveolar septa, which 

are frequently lined by hyperplastic type II 

pneumocytes. Expanding and infiltrating the 

remaining alveolar septa are moderate num-

bers of macrophages, lymphocytes, plasma 

cells, and neutrophils with rare type II pneu-

mocyte hyperplasia. Filling the alveolar 

spaces is variable pale eosinophilic (seropro-

teinaceous) fluid, extracellular bacteria 

(mixed morphologies), increased intra-alveo-

lar macrophages, and intra-alveolar protein. 

Small to medium-sized pulmonary arter-

ies/arterioles display multiple pathologic 

changes. The tunica intima and subintima are 

partially to circumferentially expanded by a 

homogenous, eosinophilic matrix (fibrosis). 

The tunica media is multifocally expanded by 

fibrosis and/or increased numbers of hyper-

trophied smooth muscles cells (muscular hy-

pertrophy) that cause compression/oblitera-

tion of the vascular lumens. Vascular lumens 

are commonly bridged and filled by plexi-

form lesions characterized by sieve-like 

masses comprised of a core of an extracellu-

lar matrix, smooth muscle cells, and stromal 

cells lined by quiescent and hypertrophied 

endothelial cells. When longitudinally sec-

tioned, plexiform lesions are prominent at 

branch points. Variable expansion of the tu-

nica adventitia is by either concentric dense 

or loose onion-skin fibrosis. Multiple blood 

vessels are moderately to severely distended 

by sac-like dilations (highlighted by Mas-

son’s Trichrome stain). Intermittent blood 

vessels are cuffed by mild to moderate num-

bers of lymphocytes, plasma cells, macro- 
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Figure 4-2. Kidney, cat: Nodules track along 
the renal subcapsular vein. (Photo courtesy 
of:  Schwarzman Animal Medical Center, 
http://www.amcny.org/) 

 

phages, and neutrophils. Separating the peri-

vascular adventitia and tissues are clear 

spaces and an acellular, pale eosinophilic 

fluid (edema). There is multifocal, mild to 

moderate vascular congestion. Occasional 

macrophages contain morphologically sepa-

rate intrahistiocytic pigments and foreign ma-

terial (carbon, silica, hemosiderin, and/or 

lipofuscin).  

 

Immunohistochemical stain for FIPV (Ani-

mal Health Diagnostic Center/Cornell Uni-

versity) revealed strong cytoplasmic immu-

noreactivity of macrophages within pleural 

granulomas.  

 

Contributor’s Morphologic Diagnosis:  

Lungs: 

1) Pulmonary arteriopathy, chronic, multifo-

cal, severe with multifocal, mild to mod-

erate, intimal, subintimal, medial, and ad-

ventitial fibrosis; moderate to marked me-

dial hypertrophy; multifocal plexiform le-

sions; and multifocal, moderate to 

marked vascular dilation  

2) Pleuritis and interstitial pneumonia, fibri-

nonecrotizing, histiocytic, lympho-

plasmacytic, neutrophilic, chronic, multi-

focal to coalescing, moderate with re-

gional type II pneumocyte hyperplasia  

3) Interstitial pneumonia, histiocytic, lym-

phoplasmacytic, neutrophilic, chronic, 

diffuse, moderate with multifocal type II 

pneumocyte hyperplasia, alveolar histio-

cytosis, and minimal intra-alveolar pro-

tein  

4) Edema, diffuse, mild to moderate  

 

Contributor’s Comment:  

Microscopic examination in this case re-

vealed two distinct pathologic processes con-

sistent with concurrent feline infectious peri-

tonitis virus (FIPV) infection and plexogenic 

pulmonary arteriopathy. Additional findings 

consistent with FIPV infection included high-

protein abdominal effusion, multiorgan and 

body cavity inflammatory nodules, fibrinone-

crotizing phlebitis, and pleocellular lymphad-

enitis. Immunohistochemistry confirmed 

FIPV within lesions. In this patient, systemic-

to-pulmonary shunting through the PDA re-

sulted in the prominent plexiform arteriopa-

thy.  

Coronaviruses infect a wide-range of wild 

and domestic species, where they are associ-

ated with respiratory, reproductive, gastroin-

testinal, and systemic diseases.1,7,8,11-14,17 Vi-

rions are enveloped and contain large (80-

220 nm), positive-sense, single-stranded 

RNA genome.7,8,11,14,17 Viral proteins include 

3-4 structural proteins (spike glycoprotein 

(S), transmembrane glycoproteins (M and E), 

nucleoprotein (N), and inconstant hemagglu-

tinin (HE)) and non-structural accessory pro-

teins.7,8,11,17 Club-shaped spike glycoproteins 

(S) form a characteristic radiating crown-ap-

pearance on ultrastructure. 7,8,11 These spike 

proteins mediate receptor binding and fusion 

at the plasma membrane or endosomes facili-

tating viral entry.7,8,11,14 Thus, the host range 

and cell tropism is predominantly determined 

by the spike (S) protein.7,8,11,14 In addition, 

spike proteins participate in induction anti-

body and cell-mediated responses.8 Corona-

viruses exhibit a high mutation rate due to  
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Figure 4-3. Lung, cat. Inflammation infiltrates 
and expands the subjacent alveolar septa, 
which are frequently lined by hyperplastic 
type II pneumocytes. (HE, 200X) (Photo cour-
tesy of:  Schwarzman Animal Medical Center, 
http://www.amcny.org/) 

 

RNA-polymerase transcription errors and ge-

netic recombination between related corona-

virus during coinfections.8,11,13,14 Feline coro-

naviruses (FCoVs) belongs to the family 

Coronaviridae within the alphacoronavirus 

genus.7,8,11,17 Other important alphacorona-

viruses in veterinary medicine include canine 

coronavirus, TGE virus of swine, porcine ep-

idemic diarrhea virus (PEDV), porcine res-

piratory coronavirus, alpaca respiratory coro-

navirus, and ferret and mink corona-

viruses.7,11 There are two main circulating 

serotypes of feline coronaviruses (FCoVs): 

the predominant serotype I and rare serotype 

II.7,8,11,13,14,17 Infection with serotype II is ini-

tiated through binding of the host aminopep-

tidase N receptor but the receptor for sero-

type I remains unknown.7,8,11,13,17 A potential 

other host receptor, dendritic cell-specific 

ICAM (DC-ICAM), has been suggested for 

both serotypes.7,8,13  

 

Feline coronaviruses (FCoV) include two 

separate biotypes: feline enteric coronavirus 

(FECV) and feline infectious peritonitis virus 

(FIPV).1,7,8,11,12 FECV infects and replicates 

in the intestinal epithelium and is generally 

associated with a self-limiting, mild gastroen-

teritis.1,8,11-13 A severe catarrhal and hemor-

rhagic enteritis can be seen in juveniles.7,8 

The main mode of transmission for FECV is 

fecal-oral but transmission can occur via di-

rect contact (saliva, grooming behavior), res-

piratory droplets, and maternal shed-

ding.1,8,11,17,18 Meanwhile, FIPV infects and 

replicates in monocytes/macrophages and is 

associated with a severe, multisystemic im-

munoinflammatory disease.1,7,8,11,13 The 

amount of replicating virus shed in FIPV-

positive cats is extremely low with dimin-

ished replication in the enterocytes, therefore 

capacity for horizontal transmission is un-

likely.8,14 Feline infectious peritonitis (FIP) is 

an invariably fatal disease of both domestic 

and wild felids.1,6-8,11-13,15,16 Outbreaks are re-

lated to environmental (crowding, concurrent 

infections, long-term exposure to shedders), 

virus, and host (individual immune response) 

factors.8,13The prevailing thought is that 

FIPV results from a mutated feline enteric 

coronavirus (in vivo mutation transition/in-

ternal mutation theory). 1,6-8,10-18 A single mu-

tation has not been identified, rather multiple 

mutations associated with the 3C accessory 

gene and fusion and binding domains of the 

spike (S) protein are common in virulent bio-

types.1,7,8,11,13,14,17 Significant mutations in the 

FECV genome facilitates switching to FIPV 

by imparting tropism for macrophages, as 

well as productive and sustained replication 

in macrophages.1,6-8,10-18 Acquired virulence 

factors allow for dissemination via leukocyte 

trafficking.1,7,8,12-14,17 An alternative, less 

prominent theory states that FIP infections 

are due to distinct circulating avirulent and 

virulent strains, which may be the case in rare 

outbreaks.8,14,16 FIP typically occurs in young 

or geriatric cats, with multi-cat environments, 

stress, and immunosuppression known risk 

factors.7, 8,11,12,16 Increased incidence is re-

ported in Abyssinians, Bengals, Birmans, 

Himalayans, Ragdolls, and Rex breeds.7,8,11  
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Figure 4-4. Lung, cat. Vascular lumens are 
commonly filled by plexiform lesions charac-
terized by sieve-like masses comprised of a 
core of an extracellular matrix, smooth mus-
cle cells, and stromal cells lined by quiescent 
and hypertrophied endothelial cells (HE, 
100X) (Photo courtesy of:  Schwarzman Ani-
mal Medical Center,http://www.amcny.org/) 

 

Individual immune-responses play an essen-

tial role in FIPV disease progression.7,8,13,14 

Protective immunity is considered cell-medi-

ated.8,14 Severe disease is linked to a strong 

humeral response that is ineffective in virus 

elimination and simultaneous weak cell-me-

diated response.1,7,8,11-14,17 Depletion and re-

duced cytotoxicity of NK cells coupled with 

decreased regulatory T-cells (Tregs) are seen 

in FIP cats.8,14  In FIP infections a robust anti-

body response increases the severity of the 

disease, a phenomenon known as antibody 

dependent enhancement. 7,8,12-14,17,18 Classic 

FIP manifestations are “wet”/effusive and 

“dry”/pyogranulomatous forms, but a combi-

nation of the two is common.1,7,8,11-14,16 The 

individual animal’s immune response is 

thought to direct the spectrum of pathol-

ogy.1,7,8,11-14,16 With a vigorous cell-mediated 

response FIP lesions do not develop, while in 

patients who lack a cell-mediated response 

and have a strong humoral response the 

“wet”/effusion form develops.1,8,12-14,17 The 

“dry”/pyogranulomatous form is associated 

with an intermediate response. 1,7,8,14,17 Typi-

cal gross pathology seen in the “wet” form is 

a fibrinous polyserositis with a viscous, high-

protein, yellow exudative effusion with varia-

ble parenchymal involvement.1,7,8,11,12, 14,16,17 

With the “dry” form distinct granulo-

mas/pyogranulomas throughout the body 

cavities and viscera are seen, which classi-

cally track along blood vessels and are not 

accompanied by effusion.1,7,8,11,12,14,16,17 Com-

monly affected organs include the omentum, 

serosa, peritoneum, kidney, brain, and 

eye.7,8,18 With brain involvement, meningeal 

plaques, intraventricular protein and fibrin-

rich exudate, hydrocephalus, and cerebellar 

herniation can be seen. 7,12 Ocular manifesta-

tions include conjunctivitis, high-protein 

fluid in the anterior and posterior chambers, 

keratic precipitates, and retinal detach-

ment.7,10 Microscopic changes include char-

acteristic vasculocentric, pyogranulomatous 

to pleocellular inflammation with overt phle-

bitis and variable vascular necrosis that pref-

erentially involves small to medium size 

veins.1,7,8,11,12,14,16,17 A similar progressive 

multisystemic inflammatory disease has been 

described in ferrets with coronavirus infec-

tion, which has been denoted as ferret sys-

temic coronavirus.6,7,11,12,15, 18  

 

 
Figure 4-5.  Lung, cat. Higher magnification of 
plexiform lesions. (HE, 400X) (Photo courtesy 
of:  Schwarzman Animal Medical Center, 
http://www.amcny.org/) 
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Activation of FIP viral-infected macrophages 

contribute to the characteristic histopatho-

logic changes, perivascular lesion distribu-

tion, and vascular damage with resulting vas-

cular leakage.7,8,11,16,17 Activated tissue mac-

rophages secrete proinflammatory cytokines 

(TNFα, IL1β, IL6, IFNγ, GM-CSF and G-

CSF), matrix enzymes (MMP9), and leuko-

cyte adhesion molecules, as well as upregula-

tion of surface integrins (CD18, CD11a, and 

CD49d) that lead to leukocyte chemotaxis, 

induce differentiation and proliferation of ad-

ditional monocytes and neutrophils, intensify 

the inflammatory reaction, increase vascular 

permeability, and exacerbate tissue damage.7,  

8,11,13,14,16,17 Compliment activation acceler-

ates chemotaxis and leukocyte adhesion.16,17 

Increased VEGF transcription and levels in 

infected cats further increase vascular 

permiability.8,14 Both immune-mediated type 

III and type IV hypersensitivity reactions are 

hypothesized to play a role in the vascular le-

sions and perivascular inflammation.7, 14 An-

tigen-antibody immune complexes and anti-

body-complement complexes deposit in ves-

sel walls and  perivascular tissues where they 

initiate tissue damage and recruit inflamma-

tory cells.7,8,12-14,16,17 Hyperstimulation of T-

cells and macrophages, via type IV delayed 

hypersensitivity, cause perivascular tissues. 

7,12,17  

 

Clinical signs associated with FIPV tend to 

be vague, non-specific, and depends on vary-

ing organ involvement. 1,7,11,12,16  FECV and 

FIPV cannot be distinguished serologically or 

morphologically making antemortem diagno-

sis of FIP challenging and therefore clinical 

signs and antemortem diagnostics need to be 

evaluated in concert using a diagnostic algo-

rithm.8,14 Bloodwork changes associated with 

FIP include lymphopenia, regenerative ane-

mia, hypoproteinemia due to hypergammag-

lobulinemia, and biochemical changes associ-

ated with specific organ involvement.8 FIP  

 

 
Figure 4-6. Lung, cat. When longitudinally 
sectioned, plexiform lesions are prominent at 
branch points. (HE,400X) (Photo courtesy of:  
Schwarzman Animal Medical Center, 
http://www.amcny.org/) 

 

effusions typically have a high protein con-

tent (> 35g/L) with concurrent low cellularity 

(< 3500 nucleated cells/ml).8 A serum albu-

min: globulin (A:G) ratio <0.8 is highly sug-

gestive of FIP infection; meanwhile, an effu-

sion A:G ratio <0.4 has a high positive pre-

dictive value for FIP.8 Acute phase proteins, 

including alpha1 acid glycoprotein (AGP), 

are elevated with FIP.8 Higher titers 

(≥1:1600) for FCoV-specific antibodies in 

the blood and effusion are more indicative of 

FIP.8 RT-PCR can detect virus in feces, 

blood, and effusions but cannot differentiate 

between the two biotypes.8 Immunohisto-

chemistry allows for confirmation of corona-

virus antigen within lesions on biopsy or 

postmortem samples, as in this case.11  

 

The prominent vascular changes in this pa-

tient are characteristic for plexogenic pulmo-

nary arteriopathy, a set of morphologic 

changes associated with pulmonary arterial 

hypertension (PAH). Causes of pulmonary 

hypertension include idiopathic (primary) 

PAH, systemic-to-pulmonary vascular shunts 

(including patent ductus arteriosus), chronic 

pulmonary thromboembolic disease, disor-
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ders of pulmonary blood vessels (e.g., heart-

worm disease, pulmonary veno-occlusive dis-

ease, pulmonary vasculitis), hypoxic vaso-

constriction, chronic interstitial lung disease, 

or pulmonary venous hypertension due to 

left-sided heart failure.3 In the submitted 

case, PAH-associated lesions were associated 

with a known risk factor or condition (i.e., re-

ported PDA).3,19 Altered vascular tone is be-

lieved to be the result of imbalanced vasodi-

latory (e.g., prostacyclin, NO and cGMP) and 

vasoconstricting (e.g., endothelin, thrombox-

ane A2, and serotonin) molecules.3 Other im-

plicated vasoactive molecules include TGFβ, 

BMP-2, FGF, and platelet-derived growth 

factor.3 PAH results in endothelial injury/de-

generation, vasculitis, fibrinoid vascular ne-

crosis, smooth muscle proliferation, and “on-

ion skin” perivascular fibrosis.3,5,19 Thus, the 

vascular remodeling seen with PAH is con-

sidered the result rather than cause of hyper-

tension; however, narrowed vascular lumens 

can exacerbate pulmonary hypertension.3,5,19 

Right ventricular pressure overload second-

ary to increased vascular resistance leads to 

right ventricular eccentric hypertrophy and 

ultimately right-sided congestive heart fail-

ure.2,19  

 

PAH-associated histopathology represents a 

spectrum of both constrictive (medial and in-

timal remodeling) and complex (plexiform 

and dilative); these include endothelial hyper-

trophy, intimal, medial, and adventitial fibro-

sis, muscularization of small arterioles, vas-

culitis, thrombosis, plexiform lesions, and ad-

ventitial edema.2-4,19 In humans, lesions are 

separated into grade I (muscular hypertro-

phy), grade 2 (intimal proliferation), grade 3 

(concentric laminar intimal fibrosis), grade 4 

(necrotizing vasculitis), grade 5 (plexiform 

lesions), and grade 6 (dilation and angioma-

toid lesions) changes.4 Higher grade lesions 

are typically associated with higher pulmo-

nary artery pressures, although they do not 

represent a sequential disease progression  

 
Figure 4-7. Lung, cat. Multiple blood vessels 
are moderately to severely distended by sac-
like dilations (highlighted by Masson’s tri-
chrome stain) (Masson’s trichrome, 400X) 
(Photo courtesy of:  Schwarzman Animal 
Medical Center, http://www.amcny.org/) 

 

and all grades can develop independently or 

concurrently.4, 19 As in this case, characteris-

tic plexiform lesions are characterized by 

vascular lumens filled by web-like prolifera-

tions formed by a core of smooth muscle 

cells and/or collagenous stroma lined by en-

dothelial cells, which eventually lead to irre-

versible obliteration of the arterial lumens.2-

5,19 Lesion distribution is to the small muscu-

lar arteries and arterioles particularly at the 

branching points.2-5,19 Dilation and angioma-

toid lesions tend to occur at the artery/arteri-

ole distal to the lesion suggesting impaired 

blood flow in their development.2-5 Second-

ary pulmonary hemorrhages can be seen.4 

Plexiform lesions are dynamic structures in-

volving the cross-talk between quiescent en-

dothelial cells, apoptosis-resistant myofibro-

blasts, smooth muscle cells, and undifferenti-

ated cells at the lesion’s core.2,5 Jet lesions at 

mouth of branch vessel and necrotizing arte-

ritis may contribute to lesions.5 Plexiform le-

sions are thought to be chronic attempts to re-

pair injured vessels and likely represent cel-

lular, recanalized thrombi secondary to vas-

cular damage.3-5 
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Figure 4-8.  Lung, cat. Macrophages within 
the pleural granulomas stain strongly for fe-
line coronavirus antigen.  (anti-FIPV,400X) 
(Photo courtesy of:  Schwarzman Animal 
Medical Center, http://www.amcny.org/) 

 

Contributing Institution: 

Schwarzman Animal Medical Center 

510 E. 62nd Street 

New York, NY 10065 

http://www.amcny.org/ 

 

JPC Diagnosis: 

1. Lung:  Pneumonia, interstitial, lymphohisti-

ocytic and neutrophilic, chronic, diffuse, mod-

erate, with multifocal fibrinonecrotizing pleu-

ritis. 

2.  Lung, small arterioles: Plexiform (plex-

ogenic) arteriopathy, chronic, multifocal, se-

vere with marked intimal hyperplasia and me-

dial hypertrophy, fibrinoid necrosis, throm-

bosis, and recanalization. 

 

JPC Comment:   

The final case of this conference is quite 

complex with a plethora of features to put to-

gether to arrive at a final understanding of the 

case. Conference participants did not have 

access to the gross photos from this case (fig-

ures 4-1 and 4-2) beforehand, though they are 

highly suggestive of FIP and assist with inter-

pretation of microscopic changes. The inter-

stitial pneumonia and pleuritis are expected 

microscopic correlates (figures 4-3 and 4-4), 

though the vascular features are initially puz-

zling as the pulmonary veins lack overt phle-

bitis in the sections available while smaller 

pulmonary arteries have features reflecting 

hypertension (figures 4-5 and 4-6) which is 

not associated with FIP. Conference partici-

pants struggled to nail down how to best cap-

ture this feature as the arterial response to hy-

pertension (plexiform) is not as commonly 

described perivascular concentric lamellated 

fibrosis (‘onion skin’). Readers that are inter-

ested in exploring the genesis of this lesion in 

detail would greatly benefit from reviewing 

the excellent summary by Carman et al.2  

Briefly, plexiform-type vascular changes 

arise from nonspecific medial and adventitial 

thickening of the pulmonary artery with ex-

tension of smooth muscle to small non-mus-

cular arteries.2 Subsequent complex remodel-

ing driven by dysfunctional,5 hyperprolifera-

tive, and apoptosis-resistant pulmonary endo-

thelial cells leads to aberrant signaling be-

tween smooth muscle cells and fibroblasts 

with the result being progressive obliteration 

of the lumen of the vessel by laminar, stalk-

like, or complete aneurysm-like projections 

of endothelial cells overlying a core of 

smooth muscle and/or collagenous stroma.2 

HIF-2α and VEGF signaling likely play a 

role and models of disease have focused on 

hypoxia as an inciting event in the develop-

ment of this lesion though other concurrent 

factors are likely needed to induced complex 

lesions.2,5 Interestingly, animals with experi-

mentally treated with inhibition of VEGFR 

and hypoxic conditions that were later re-

turned to normoxia developed large-scale 

plexiform pulmonary lesions. The interplay 

of ineffective endothelial apoptosis, strong 

impetus for angiogenesis, and aberrant cyto-

kines and growth factors derived from a ‘mis-

guided’ endothelial cell ringleader5 is a solid 

hypothesis though this phenomenon remains 

incompletely understood. 
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CASE I:   

 

Signalment:  

8-month-old, intact female, Pembroke Welsh 

Corgi, Canis lupus familiaris, canine. 

 

History:  

This patient presented with non-pruritic, ery-

thematous, ulcerated, crusty skin lesions af-

fecting the nose, muzzle, periocular tissue 

OU, ear pinna AU, and multiple nail beds of 

all four feet. Lesions started a month ago.  

 

Gross Pathology:  

Three punch biopsies of haired skin from 

multiple anatomic locations (forehead, muz-

zle, digit 4 of right hindfoot) were submitted 

for evaluation, with no overt gross findings. 

 

Laboratory Results: 

Aerobic bacterial culture – trace numbers of 

Bacillus cereus, Staphylococcus equorum, 

Rummeliibacillus sp., and Cellululosimicro-

bium cellulans  

Fungal culture – absence of growth 

 

Microscopic Description:  

Haired skin (forehead, muzzle, digit 4 of 

right hindfoot): Multiple sections of haired 

skin are examined in which similar features 

are observed in all samples. Extending from 

the mid to deep dermis, and sharply demar-

cated from adjacent normal tissue in some  

 
Figure 1-1. Haired skin, dog. Multiple sections 
of haired skin are submitted for examination. 
(HE, 4X) 

 

sections, collagen fibers are regionally disor-

ganized and pale to hypereosinophilic with 

variable loss of distinct bundle architecture. 

Medium to small caliber dermal vessels are 

distorted, characterized by pale, hyalinized 

eosinophilic tunics with loss of distinct sepa-

ration of layers. Affecting other vessels, are 

circumferential perivascular cuffs of lympho-

cytes and plasma cells with fewer neutrophils 

and macrophages, which extend into the adja-

cent dermal stroma. Remaining pericytes 

and/or smooth muscle nuclei are frequently 

enlarged and prominent. Occasional aggre-

gates of lymphocytes and histocytes are em-

bedded in the dermis. Occasional clusters of 

lymphocytes and macrophages are also ob-

served in the skeletal muscle layer, with sep-

aration, attenuation, and atrophy of affected 

fibers. Dermal nerve fibers have shrunken ax 
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Figure 1-2. Haired skin, dog.  In the right half 
of the section, beneath the hyperplastic epi-
thelium, follicles are atrophic, and dermal 
collagen is poorly staining. There are cellular 
infiltrates surrounding deep dermal vessels 
and infiltrating the panniculus carnosus.  (HE, 
21X) 

 

ons in decreased quantity, and rare lympho-

cytes and macrophages are embedded within 

affected fibers. Superficial to the affected 

dermis, multiple hair follicles are atrophied 

with a prominent fibrous root sheath. The 

overlying epidermis is hyperplastic, covered 

by segments of compact orthokeratotic to 

parakeratotic keratin that sometimes distend 

follicular ostia. Occasional serocellular crusts 

are also present.  

 

Contributor’s Morphologic Diagnosis:  

Haired skin (forehead, muzzle, digit 4 of 

right hindfoot): Vasculitis with ischemic der-

matopathy, regionally extensive, severe 

 

Contributor’s Comment: 

Based on the clinical history, signalment, and 

histopathologic findings, a diagnosis of is-

chemic dermatopathy was warranted in this 

case. Ischemic dermatopathies (ID) refer to a 

group of cutaneous diseases that involve in-

flammation of the skin, vessels, and some-

times muscle or subcutaneous tissue, derived 

from a variety of causes. These conditions 

have been reported in humans7 and 

dogs.1,4,6,7,9,10 There are 5 main subtypes re-

ported in dogs which include: 1) familial der-

matomyositis (DM), 2) juvenile onset is-

chemic dermatopathy (dermatomyositis-like 

disease), 3) localized post-rabies vaccine 

panniculitis, 4) generalized vaccine-induced 

ischemic dermatopathy, and 5) generalized 

idiopathic ischemic dermatopathy.4,6,10 Alt-

hough the pathogenesis is incompletely eluci-

dated for these diseases, the generally ac-

cepted premise is that of a cell-poor vascu-

litis, leading to decreased oxygen perfusion 

of the tissue, and subsequent ischemic 

change.1,4,9 

Across the various subgroups of ischemic 

dermatopathies, clinical, gross, and histopath-

ologic features are often similar. Clinically 

overall, anatomic locations most susceptible 

for mechanical trauma (i.e., bony protuber-

ances), or distal extremities (i.e., phalanges) 

are preferentially affected.4 Gross lesions in-

clude alopecia, scab formation, variation in 

pigmentation (hyper- or hypo-), and thinning 

of the skin.4,8 Histopathologic lesions consist 

of follicular atrophy, hyperkeratosis, smudgy 

and indistinct collagen fibers, interface der-

matitis and/or clefting at the epidermal base-

ment membrane.6,8 Diagnosing a specific 

subtype can sometimes be challenging, which 

requires a thorough clinical history and sig-

nalment, coupled with gross and histopatho-

logic features. The use of electromyography 

or muscle physiology studies have also been 

useful in some cases.1,3 

 

Familial Dermatomyositis (FDM) and juve-

nile onset ischemic dermatopathy (derma-

tomyositis-like or DM-like) have several 

identical clinicopathological features. They 

both occur in young dogs. Most commonly, 

lesions originate on the muzzle, periorbital 

and perioral tissues, dorsum of the distal pha-

langes and sometimes footpads,4,8 but addi-

tionally the tips and folds of the pinnae, tip of 

the tail, and claw folds can also be affected.4 

Muscle changes and clinical abnormalities  
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can be subtle but are often detected with his-

topathologic evaluation and/or electromyo-

graphic studies.3 When present, atrophy can 

be most apparent affecting the temporal and 

masseter muscles.4 Megaesophagus, growth 

retardation, and infertility are also reported 

findings.4 FDM was first described in Col-

lies,5 with later reports in Shetland sheep-

dogs, Portuguese water dogs, and Belgian 

Tervuren dogs3,4,6,10 whereas DM-like disease 

occurs sporadically in breeds without a scien-

tifically proved genetic or familial compo-

nent.2,10  

 

Localized post-rabies panniculitis typically 

occurs 1 to 3 months after vaccine admin-

istration,6 and initially, there is focal alopecia 

at the affected site that can progress to hyper-

pigmentation.6 The neck and shoulder region 

in the vicinity of the scapulae, are primarily 

affected.4. Deposition of rabies viral antigens 

into the wall of vessels is suspected as the in-

citing stimulus.4 Breeds predisposed to this 

condition include Toy and Miniature Poodles 

and Bichon Frises,4,6 but there are reports  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

also involving Yorkshire terriers and Chihua-

huas.8 The most characteristic histopatho-

logic findings are lymphocytic perivascular 

inflammation and vasculitis,11 coupled with 

other previously described features of ID. 

This condition can become more widespread 

and severe in some adult dogs, with the de-

velopment of fever, lethargy, depression, 

and/or elevation in liver enzymes (general-

ized vaccine-induced ischemic dermat-

opathy).4,6  

 

Generalized vaccine or idiopathic ischemic 

dermatopathy are identical clinicopathologi-

cally, and the presence of alopecia over a pre-

vious rabies vaccination site can assist in dif-

ferentiating the two subtypes.9 Generalized 

idiopathic ischemic dermatopathy is a diag-

nosis of exclusion.  

 

For this case, the top three subtype differen-

tials included: dermatomyositis-like disease, 

generalized idiopathic ischemic dermat-

opathy, and generalized vaccine-induced der-

matopathy. 

Figure 1-3. Haired skin, dog.  Hair follicles are atrophic and surrounded by smudgy, diminished 

collagen fibers.   
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Figure 1-4. Haired skin, dog:  In the deep der-
mis, vessel walls are thickened and vessels 
are surrounded by low to moderate numbers 
of lymphocytes, histiocytes and plasma cells.  
Vessels walls lack detail and are brightly eo-
sinophilic (vasculitis).  (HE, 158X) 

 

Contributing Institution:  

250 McElroy Hall 

Department of Veterinary Pathobiology 

College of Veterinary Medicine 

Oklahoma State University 

Stillwater, OK 74078 USA  

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

biology/index.html 

 

JPC Diagnosis: 

Haired skin, dermis: Vasculitis, lymphohistio-

cytic, multifocal, moderate with regionally ex-

tensive adnexal atrophy, rare thrombi, and cell 

poor interface dermatitis.  

 

JPC Comment:   

This week’s moderator was Dr. Charles 

Bradley, Associate Professor of Anatomic 

Pathology at the University of Pennsylvania. 

A perennial visitor to the WSC, Dr. Bradley 

emphasized cutaneous patterns of skin dis-

ease with participants. The first case is a 

good example of an interface dermatitis, al-

beit a cell-poor one. Case features are best 

observed first from low magnification with 

disruption of dermal collagen, loss of adnexal 

structures, and vasocentric lesions being 

helpful pickups that point at the underlying 

pathogenesis. Key histologic features on high 

magnification include disruption of the der-

mal-epidermal basement membrane, rare 

thrombi, and mild vasculitis. Although not 

strictly necessary for this case, PAS high-

lighted the basement membrane nicely and 

Movat’s pentachrome highlighted select ves-

sels. 

Dr. Bradley also covered ancillary changes in 

section with conference participants. These 

included vacuolation of basal keratinocytes 

(likely a mild processing artifact) and focal 

parakeratosis which was attributable to tissue 

response to injury. In the superficial dermis, 

there was also granulation tissue present sug-

gestive of previous ulceration and re-epitheli-

zation of the epidermis, perhaps from a previ-

ous episode of diminished blood flow. Like-

wise, the mild myositis in this case is likely a 

bystander lesion rather than a primary derma-

tomyositis – in Dr. Bradley’s experience, 

muscle changes are rare to absent in histo-

logic section in dermatomyositis (DM). Fi-

nally, it is also important to rule out other 

processes in the skin with ischemic changes 

such as reactive histiocytosis. 

 

 
Figure 1-5. Haired skin, dog.  Higher 
magnification of an affected vessel.  Dermal 
collagen fibers are often markedly decreased 
in diameter, giving it a “smudgy” appearance  
(HE, 275X) 
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Figure 1-6. Haired skin, dog.  The panniculus 
carnosus is occasionally infiltrated by inflam-
matory cells and in these areas, muscle fibers 
demonstrate evidence of degeneration and 
atrophy. (HE, 240X) 

 

The clinical history of a young animal is 

helpful in this case and is suggestive of a vac-

cine-associated event. Histologically how-

ever, this is not distinguishable from DM. In 

addition, the location of the hyperpigmented 

alopecic skin (‘poodle patch’) may or may 

not be close to the site of vaccination, reflect-

ing the systemic nature of this vasculitis. 

Deeper punch biopsies that sample the vac-

cine site may identify lymphohistiocytic ag-

gregates within the subcutis that may contain 

vaccine adjuvant though. Dr. Bradley also 

touched on the role of anti-IL-31 therapy in 

dermatology cases, to include the use of 

oclacitinib and lokivetmab in modulating im-

mune-related conditions. Apoquel, Cyto-

point, and similar emerging therapies have 

been tried for a variety of canine skin condi-

tions with reasonable success as an adjunct to 

more conventional drugs such as glucocorti-

coids.8 
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CASE II:  

 

Signalment:  

5 month old, intact female, Shar Pei, Canis 

familiaris, Dog. 

History:  

Limited history available. Alopecia and der-

matitis, has been on cephalexin. epresentative 

samples submitted from face and legs. 
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Figure 2-1. Haired skin, dog: Six punch biopsies 
are submitted for examination.  (HE, 5X) 

 

Gross Pathology:  

3 haired skin punch biopsy specimens, 5-

6mm diameter, ranging from 3-4mm deep 

 

Microscopic Description: 

Haired skin: All 3 punch biopsy samples are 

similar.  

Diffusely, hair follicle lumina are moderately 

distended and filled with multiple longitudi-

nal, transverse, and tangential sections of ar-

thropods. These arthropods are elongate, up 

to 40µm diameter and 200µm in length; have 

a thin, eosinophilic, chitinous exoskeleton; 

short, jointed appendages; a hemocoel; stri-

ated musculature; digestive tract; and male or 

female reproductive tracts. There is minimal 

perifollicular as well as perivascular inflam-

mation consisting of low numbers of lympho-

cytes, plasma cells, and eosinophils.  

Dermal collagen fibers are diffusely frag-

mented and widely separated by abundant 

clear space and wispy, fibrillar, beaded, baso-

philic to amphophilic mucin. There are low 

numbers of histiocytes and lymphocytes scat-

tered within the mucinous matrix. 

There is clumping of melanin pigment within 

the follicular bulb matrix epithelium and to a 

lesser extent within the non-matrical follicu-

lar epithelium and follicular lumina. 

Contributor’s Morphologic Diagnosis: 

1. Haired skin: Follicular ectasia, moderate, 

diffuse, with mild lymphoplasmacytic and 

eosinophilic perifolliculitis and numerous 

follicular intraluminal Demodex canis mites 

2. Haired skin: Dermal mucinosis, diffuse, 

marked 

3. Haired skin, hair follicles: Matrical epithe-

lial, follicular epithelial, and intraluminal 

melanin clumping 

 

Contributor’s Comment:  

This case represents three entities: juvenile-

onset demodicosis, dermal mucinosis (a fea-

ture of “normal” skin in Shar Pei dogs), and 

color dilution. 

Canine demodectic mange, also termed fol-

licular mange or red mange, is one of the 

most common skin diseases of dogs.6-10 It is a 

noncontagious disease that occurs when com-

mensal Demodex mites are allowed to prolif-

erate resulting in overpopulation.1,5,6,9 Canine 

demodicosis is most commonly caused by D. 

canis, but D. injai can also cause dis-

ease.1,5,8,9 D. canis is approximately 300µm 

in length, while D. injai, the “long-bodied 

mite”, is 334-368µm in length.8  Predisposing 

factors to Demodex overpopulation in its host 

include multiple causes of host immunosup-

pression.1,6,8,9 Canine demodicosis can be ei-

ther localized or generalized.1,5,8,9 Localized 

disease is mild and typically self-limiting 

with spontaneous resolution, whereas gener-

alized disease may spontaneously resolve but 

can continue into adulthood if inadequately 

treated, and may be fatal.5,8 Canine demod-

icosis can also be either juvenile-onset or 

adult-onset.1,5,8  Disease is considered adult-

onset if disease onset occurs at 4 years of age 

or older,8 although differentiation between 

these may be difficult.1  Generalized demod-

icosis is typically a juvenile-onset disease.4,8  

Juvenile-onset demodicosis is thought to be 
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due to a genetically mediated immunodefi-

ciency resulting in decreased T-cell func-

tion.4,6,8,9 A recent study into the molecular 

pathogenesis of canine demodicosis found 

evidence that disease is associated with De-

modex-induced host immune tolerance.6 

Studies into this immune tolerance identified 

host cellular endoplasmic reticulum stress 

which in turn results in the accumulation of 

unfolded proteins (i.e., unfolded protein re-

sponse) which regulates signaling pathways 

involved in Toll-like receptors (especially 

TLR2) and promotion of M2-phenotype im-

munosuppressive macrophages.7 Disease re-

lapse, recurrence, or persistence is uncom-

mon.1 

 

Excessive accumulation of dermal mucin is 

termed cutaneous mucinosis.2,5,8,10 This con-

dition is abnormal and rare in most dogs.5,8 In 

shar pei dogs, however, cutaneous mucinosis 

is due to a genetic mutation and is considered 

a normal feature which leads to their distinc-

tive thick, wrinkled skin.5,8,9 The mucinous 

material in the shar pei dermis has been iden-

tified as hyaluronan (or hyaluronic acid 

[HA]).2,10 A study found that HA is produced 

in shar pei dermal fibroblasts in greater quan-

tities than in control cells.10 Shar pei cutane-

ous mucinosis has further been linked to in-

creased mRNA expression of the HAS2 iso-

form of hyaluronan synthase (HAS), result-

ing in increased transcription of HAS2 by 

dermal fibroblasts.2,9,10 The authors of that 

study suggest using the term “hereditary cu-

taneous hyaluronosis (HCH)” for the shar pei 

specific version of cutaneous mucinosis.2 

Diffuse canine cutaneous mucinosis has also 

been associated with hypothyroidism; this is 

rarely reported but clinically and histologi-

cally striking.5,8,9 Cutaneous mucinosis is 

termed “myxedema” when associated with 

hypothyroidism.5,8,9 Increased focal areas of 

dermal mucin have been reported in associa-

tion with numerous inflammatory and neo- 

 

 
Figure 2-2. Haired skin, dog.  Hair follicles are 
markedly expanded by numerous mites.  Col-
lagen fibers are diffusely and widely sepa-
rated by abundant mucin.  The overlying epi-
dermis is mildly hyperplastic. (HE, 44X) 

 

plastic processes, such as mast cell tumor, se-

vere pyoderma, and eosinophilic diseases.5,8,9 

A specific example of a cause of focal mu-

cinosis in dogs is infection with the trombidi-

oid mite Stralensia cynotis which causes 

characteristic mucinosis of the perifollicular 

dermis and pseudoepitheliomatous hyper-

plasia of the follicular epithelium (see WSC 

Conference 2, Case 4, 2018-2019).8,9 

 

Color dilution has been reported in many spe-

cies as well as in many breeds of dogs.3,8,9 

The condition in dogs is inherited as an auto-

somal recessive trait and is due to abnormali-

ties in melanin transfer and storage.3,5,8,9 In 

affected dogs, the coat color is pale, mani-

festing as blue, fawn, etc. This dilute color 

appearance is due to clumping of large mela-

nin granules within hair follicles and charac-

teristically within the epidermis.5,8,9 There is 

preliminary evidence that the genetic cause 

of color dilution in dogs is an autosomal re-

cessive mutation in the melanophilin gene 

(MLPH).3,9 In dogs, the condition of color di-

lution may be associated with alopecia (i.e., 

color dilution alopecia), but is not always as-

sociated with alopecia.5,8,9 Color dilution alo-

pecia should only be diagnosed if histologic 

findings of both color dilution (clumped mel-

anin) and follicular dysplasia/distortion are 

present.5,9 
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Contributing Institution:  

Tri-Service Research Laboratory 

4141 Petroleum Dr 

San Antonio, TX 78234 

 

JPC Diagnosis: 

1. Haired skin: Follicular ectasia, moderate, 

diffuse, with mild lymphoplasmacytic and 

eosinophilic perifolliculitis and numerous 

follicular intraluminal adult Demodex mites.  

2. Haired skin, dermis: Mucinosis, diffuse, 

moderate.  

 

JPC Comment:  

Case 2 has several entities for participants to 

consider. Demodex mites and dermal mu-

cinosis are abundantly present in these sec-

tions. These findings together are interesting 

and should prompt consideration of immuno-

suppression such as Cushing’s disease or se-

vere hypothyroidism (myxedema) though the 

breed of this dog (Shar Pei) is an important 

detail as the contributor notes. Though these  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

look similar histologically, the clinical 

presentation sorts these two camps out 

quickly. Other considerations for mite pres-

ence include long-term immunomodulatory 

drugs for control of allergic skin disease.  In 

section, there are multiple examples of 

jointed appendages (figure #) and skeletal 

muscle that help to distinguish that hair folli-

cle lumina are distended with many Demodex 

that the contributor nicely describes. Alt-

hough not needed to distinguish the myxoma-

tous dermis in this case, an Alcian blue pH 

2.5 does highlight mucin nicely. One feature 

not present in this case is epidermal hyper-

plasia which is a secondary change due to the 

animal scratching (owing to mural folliculi-

tis, rupture, and periadnexal mite fragments). 

Conference participants compared Demodex 

species across dogs and cats with D. cati be-

ing similarly follicularly-focused like D. ca-

nis while D. gatoi is found in the stratum 

corneum and is directly transferable between 

cats. The profound sebaceous hyperplasia in-

duced by D. injai residing within sebaceous  

Figure 2-3. Haired skin, dog. Higher magnification of mite-laden hair follicles and adjacent mucin-

ous dermis.  Mites have chitinous exoskeletons, jointed appendages, striated muscles, a hemocoel, 

and nervous and reproductive tracts.  (HE, 248X) 
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and ducts while lacking other epidermal 

changes explains the markedly greasy pheno-

type noted clinically. 

 

The color dilution noted by the contributor 

prompted an interesting discussion among the 

group. Notably, many of the approved Shar 

Pei breed standard coats include dilute vari-

ants. As such, this could be a normal obser-

vation. We did not observe melanin clumping 

within epidermal melanocytes or the hair 

shaft in large quantity, though the hair bulb 

clumping is evident and worth describing. 

Though not in these section, distortion and 

fracture of the hair shaft is a helpful corrobo-

rating feature for color dilution alopecia. 

Finally, Dr. Bradley touched on the role of 

inflammation in demodicosis. Although De-

modex may be an incidental finding during 

routine skin biopsy, this case is clearly in ex-

cess of a single mite within a single follicle. 

Nonetheless, conference participants noted  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the overall muted inflammatory response in 

this case. Demodex is thought to play a role 

in the development of human rosacea in a 

two-fold manner. Foremost, proliferation of 

the mite activates TLR2 on inflammatory 

cells which upregulates production of catheli-

cidin (LL-37 peptide) which has both antimi-

crobial and proangiogenic effects.4 Activa-

tion of endothelial cells by LL-37 increases 

in conjunction with UVB damage from sun-

light, which then promotes increased produc-

tion of VEGF which has both proangiogenic 

and immunosuppressive effects on immune 

cells.4 In excess, VEGF binding causes loss 

of lymphocyte function and essential T cell 

exhaustion.4 Secondly, Demodex also ex-

press a surface glycan Thomsen-Nouveau 

Antigen (Tn Ag) which is recognized by the 

dendritic cell galactose-type lectin receptor. 

Once bound to this receptor, Tn Ag induces 

production of IL-10 and recruitment of regu-

latory T-cells that further tamp down inflam-

mation and allow Demodex to evade a com-

mitted host response and proliferate further.4 

These factors together hint at the interplay of 

Figure 2-4. Haired skin, dog. Adjacent to ectatic follicles, there are variable amounts of mixed in-

flammation, including numerous lymphocytes, histiocytes, plasma cells, and eosinophils.  (HE, 

248X) 
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VEGF, LL-37, and IL-10 in a complex feed-

back loop for which the flushed face, pap-

ules, and telangiectasia are only a hint of the 

sinister scheme occurring at the molecular 

level. 
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CASE III:  

Signalment:       

Horse (Equus caballus), Iceland pony, adult, 

male neutered. 

 

History:  

The horse has had penile lesions with multi-

focal mucosal thickenings and swelling for 

years.  

 

Gross Pathology:  

The penis was severely reddened and oedem-

atous, the mucosa exhibited multifocal nodu-

lar thickenings and superficial yellow depos-

its. At the apex of the caecum, the mesentery 

of the large intestine and in the omentum 

there were multiple solid beige nodules about 

1 to 3 cm in diameter.  

Microscopic Description:  

Penis/prepuce: The subepithelial connective 

tissue (submucosa) is severely expanded by a 

multifocal to coalescent, variable densely cel-

lular inflammatory infiltrate consisting of 

high numbers of macrophages and lympho-

cytes, fewer numbers of plasma cells, and 

multinucleated giant cells (predominantly 

Langhans type). Lymphocytes often accom-

pany the mucosa or surround deeper blood  
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Figure 3-1.  Penis and prepuce, pony.  The 
penis was reddened and edematous, the 
mucosa exhibited multifocal nodular 
thickenings and superficial yellow deposits 
(left and center).  Similar changes were seen 
in the prepuce (right).   (Photo courtesy of: 
Department of Veterinary Pathology, Freie 
Universität Berlin, http://www.vetmed.fu-
berlin.de/en/einrichtungen/institute/we12/i
ndex.html).  

 

vessels (perivascular cuffing). Cells fre-

quently form merging granulomas character-

ized by nodules with abundant central par-

tially epithelioid macrophages and few de-

generate neutrophils, surrounded by lympho-

cytes, plasma cells, and multiple multinucle-

ated giant cells admixed with plump, reactive 

fibroblasts and small amounts of loose colla-

genous connective tissue (fibrosis). The over-

lying mucosa is thickened, forming irregular 

rete ridges (hyperplasia) and infiltrated by 

neutrophils, partially forming serocellular 

crusts. In some areas, the mucosa is lost (ul-

ceration) and the submucosa expanded by in-

creased numbers of small caliber vessels, ac-

companied by activated fibroblasts admixed 

with loose collagenous connective tissue 

(granulation tissue).  

Additional special stains were used for histol-

ogy:  

Ziehl-Neelsen stain for acid fast bacteria: 

negative 

PAS reaction: negative 

Contributor’s Morphologic Diagnosis:  

Penis/prepuce: Balanoposthitis, severe, 

chronic-active, multifocal to coalescing, 

granulomatous with epithelial hyperplasia, 

partial ulceration, granulation tissue for-

mation, lymphocytic vasculitis and numerous 

multinucleated giant cells. 

Lymph node: Lymphadenitis, mild, multifo-

cal, chronic-active, granulomatous with nu-

merous multinucleated giant cells.  

 

Contributor’s Comment:  

The pathological findings are characterized 

by a systemic granulomatous inflammation 

without indications of a specific cause as no 

particular pathogen related lesions were pre-

sent. The picture is therefore consistent with 

Equine idiopathic systemic granulomatous 

disease (ISGD), also referred to as “Equine 

sarcoidosis”, “Equine generalized granulom-

atous disease”, “Equine systemic granuloma-

tous disease”, “Equine histiocytic disease” or 

“Equine histiocytic dermatitis.”7 

 

The etiology of ISGD is unknown, though it 

has similarities to human sarcoidosis which is 

presumed to be a multifactorial disease due to  

 

 
Figure 3-2. Cecum, pony.  The penis was red-
dened and edematous, the mucosa exhibited 
multifocal nodular thickenings and superficial 
yellow deposits (left and center).  Similar 
changes were seen in the prepuce (right).   
(Photo courtesy of: Department of Veterinary 
Pathology, Freie Universität Berlin, 
http://www.vetmed.fu-berlin.de/en/einrich-
tungen/institute/we12/index.html) 
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Figure 3-3. Penile mucosa and cecum, pony.  A 
section of penis and one of cecum (left) is sub-
mitted tor examination.The mucosal epithe-
lium is markedly hyperplastic, and there is a 
dense inflammatory infiltrate within the sub-
mucosa. (HE, 5X) 

 

an abnormal host response to antigens.5 Etio-

logical investigations failed to identify spe-

cific agents. Similar lesions were docu-

mented after ingestion of Vincia villosa 

('hairy vetch') by horses and more likely cat-

tle, but not all by ISGD affected horses had 

been exposed to it.9 

 

Clinical onset is variable. Cutaneous lesions 

in ISGD may present as an exfoliative derma-

titis or less commonly, as a nodular lesions.5,6 

Additionally, internal organs are often in-

volved in the course of a generalized disease 

with the lung, liver, gastrointestinal tract, 

spleen, kidney, bones, and central nervous 

system being affected in decreasing fre-

quency. Although lymph nodes are often in-

volved, a peripheral lymphadenopathy is 

mostly absent. In the case presented here, re-

gional lymph nodes were enlarged and histo-

pathology revealed multifocal sometimes 

nodular infiltrates by macrophages and giant 

cells were detectable. In generalized disease, 

most horses develop a wasting syndrome.6,7 

Diagnosis is primarily done by exclusion of 

infectious diseases (like dermatophilosis, der-

matophytosis), autoimmune diseases (like 

pemphigus foliaceus, systemic lupus erythe-

matosus), allergic reactions (like cutaneous 

adverse drug reaction, contact dermatitis), 

miscellaneous conditions (like seborrhea, 

multisystemic eosinophilic epitheliotropic 

disease), neoplasia (like epitheliotropic lym-

phoma), and toxins (like hairy vetch).5 Char-

acteristic pathohistological findings are so 

called sarcoidal granulomas affecting the skin 

or internal organs. Multinucleated histiocytic 

giant cells are typical and numerous. 

 

Contributing Institution:  

Department of Veterinary Pathology, Freie 

Universität Berlin 

http://www.vetmed.fu-berlin.de/en/einrich-

tungen/institute/we12/index.html 

 

 
Figure 3-4. Penile mucosa, pony. The submu-
cosa is expanded by coalescing, poorly 
formed granulomas.   (Photo courtesy of: De-
partment of Veterinary Pathology, Freie Uni-
versität Berlin, http://www.vetmed.fu-ber-
lin.de/en/einrichtungen/institute/we12/in-
dex.html) (HE, 100X) 
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Figure 3-5.  Penile mucosa, pony. Submucosal 
granulomas contain moderate foreign body 
and Langhans’s type multinucleated giant cell 
macrophages admixed with numerous epithe-
lioid macrophages and fewer lymphocytes and 
plasma cells.  (Photo courtesy of: Department 
of Veterinary Pathology, Freie Universität Ber-
lin, http://www.vetmed.fu-berlin.de/en/ein-
richtungen/institute/we12/index.html) (HE, 
400X) 

 

JPC Diagnosis: 

Mucous membrane, penis: Balanoposthitis, 

lymphohistiocytic, chronic, diffuse, moderate 

with marked epidermal hyperplasia and ulcer-

ation and lymphocytic perivasculitis.  

 

Fibrovascular tissue (presumed peritoneum): 

Peritonitis, granulomatous, chronic, diffuse, 

severe.  

 

JPC Comment:   

Case 3 was challenging for participants in 

that the exact location sampled is not obvious 

from the slide alone. The presence of large, 

multinucleated giant cell macrophages was a 

helpful feature that led participants to con-

sider equine sarcoidosis for this case. Be-

cause sarcoidosis is a diagnosis of exclusion, 

excluding other causes of granulomatous in-

flammation (e.g. fungal, mycobacterial, 

pythiosis, foreign body reaction, Actinobacil-

lus) must be performed. In addition to the 

acid-fast stain performed by the contributor, 

we performed modified Gram stains (Brown-

Brenn, Brown-Hopps), GMS, and PAS Light 

Green which were negative for organisms. 

IHC for IBA1, CD3, and CD20 were also 

helpful is establishing the distribution of 

these inflammatory cells and excluding T-cell 

rich B-cell lymphoma as a possibility as well. 

Previously, equid gammaherpesvirus 2 was 

implicated as a potential cause of this condi-

tion,3 which is a reasonable connection given 

that lymphohistiocytic inflammation is asso-

ciated with gammaherpesviruses across spe-

cies (e.g. malignant catarrhal fever). That 

stated, EHV-2 has not been a consistent find-

ing in all cases of sarcoidosis and it is possi-

ble that the development of granulomatous 

inflammation may be the result of any num-

ber of antigens.8 

Understanding of sarcoidosis is largely ex-

tended from human medicine, to include the 

entity name itself. Patients with sarcoidosis 

appear to have increased genetic susceptibil-

ity, to include variance in MHC class II 

genes1 such as HLA-DRB1 that is associated 

with acute sarcoidosis and Löfgren syn-

drome. M1 macrophages are activated by a 

highly polarized T helper 1 (Th1) cytokine 

milieu including IFN-γ and TNF-α which 

correlate with the Langhans multinucleated 

giant cells seen in our case. Interestingly, not 

all of these macrophages may be classically 

activated. Cytokine studies of sarcoidosis pa-

tients have identified macrophages with in-

creased IL-13 expression (i.e. M2 macro-

phages) that may play a role in later stages of 

the disease.2 Additionally, M2 macrophages 

also form multinucleated giant cells (foreign 

body type), which were also observed in the 

present case. 

As a final point, equine sarcoid should not be 

confused with sarcoidosis as they are entirely 

separate from one another. The term ‘sarcoid’ 

denotes a raised plaque or nodule in the skin 

(literally, sarcoma-like) which can be a fea-

ture of sarcoidosis, though other cutaneous 
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presentations can include crusting and scal-

ing.8 Equine sarcoids differ histologically 

from sarcoidosis in that they have increased 

density of dermal fibroblasts which form in-

terlacing bundles and whorls within the der-

mis.4 Bovine papillomavirus type 1 and type 

2 are associated with the development of eq-

uine sarcoids4 though the association of vi-

ruses in the development of sarcoidosis, if 

any, is uncertain.  

 

References:  

1. Chen ES, Moller DR. Sarcoidosis--scien-

tific progress and clinical challenges. Nat 

Rev Rheumatol. 2011 Jul 12;7(8):457-67. 

2. Locke LW, Crouser ED, White P, Julian 

MW, Caceres EG, Papp AC, Le VT, Sadee 

W, Schlesinger LS. IL-13-regulated Mac-

rophage Polarization during Granuloma 

Formation in an In Vitro Human Sarcoido-

sis Model. Am J Respir Cell Mol Biol. 

2019 Jan;60(1):84-95. 

3. Nolte LC, Rosiak M, Baechlein C, 

Baumgärtner W, Allnoch L. Equine Idio-

pathic Systemic Granulomatous Disease 

With Manifestation in the Cerebellum As-

sociated With Equid Gammaherpesvirus 

2. Journal of Equine Veterinary Science. 

2020; (94):103225. 

4. Ogłuszka M, Starzyński RR, Pierzchała 

M, Otrocka-Domagała I, Raś A. Equine 

Sarcoids—Causes, Molecular Changes, 

and Clinicopathologic Features: A Re-

view. Veterinary Pathology. 

2021;58(3):472-482. 

5. Scott DW, Miller WH: Chapter 15 - Mis-

cellaneous Skin Diseases. In: Equine Der-

matology, eds. Scott DW, Miller WH, pp. 

647-697. W.B. Saunders, Saint Louis, 

2003 

6. Stannard AA. Immunologic diseases. Vet-

erinary Dermatology 11: 163-178, 2000 

7. Van Oldruitenborgh-Oosterbaan MMS, 

Grinwis GCM: Equine sarcoidosis: clini-

cal signs, diagnosis, treatment and out-

come of 22 cases. Veterinary Dermatology 

24: 218-e248, 2013 

8. Wimmer-Scherr CM & Schwarz, B.C. 

(2024) A narrative literature review of eq-

uine sarcoidosis. Equine Veterinary Edu-

cation, 00, 1–8. 

9. Woods LW, Johnson B, Hietala SK, Galey 

FD, Gillen D: Systemic granulomatous-

disease in a horse grazing pasture contain-

ing Vetch (Vicia sp). Journal of Veteri-

nary Diagnostic Investigation 4: 356-360, 

1992 

 

CASE IV:  

Signalment:  

10-week-old, female, C57BL/6 mice (Mus 

musculus) 

 

History: 

Mice arrived from vendor with no abnormali-

ties observed upon entrance. Lab members 

shaved animals to prepare for subcutaneous 

tumor injection 2-week post-arrival and noted 

abnormal skin (bumpy, thick with patchy fur 

growth). No other health concerns. Lab stated 

this condition has only been observed with 

mice from this vendor. Three mice were sub-

mitted for skin histopathology. 

 

Gross Pathology:  

All mice from this cohort had skin lesions con-

sisting of patchy alopecia and irregular/bumpy 

skin foci in the dorsal flank area with exten-

sion to the limbs and (rarely) abdomen. 

 

Microscopic Description:  

Haired skin: Three skin sections from differ-

ent mice in the cohort are examined. In all 

sections, there are focal ulcers and erosions. 

Multifocally, longitudinal follicle sections 

show hair shafts with twist severely in the in-

fundibulum and/or disintegrating of hair in 

the superficial dermis and as it emerges on 

the surface.  Rarely, hair shafts can be seen  
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Figure 4-1.  Haired skin, mouse. There is a fo-
cal ulcer (black arrow), several intrafollicular 
twisted, bent, and fragmented hair shafts 
(blue arrow), and diffuse chronic dermatitis 
(stars) in this section. (HE,  100X) (Photo cour-
tesy of:  Division of Laboratory Animal Re-
sources, University of Pittsburgh, 
http://www.dlar.pitt.edu/) 

 

penetrating the follicle wall with fragments 

free in the dermis and hypodermal fat layer 

surrounded by a mixed inflammatory cell in-

filtrate consisting of neutrophils, macro-

phages, rare multinucleated giant cells, and 

occasional lymphocytes forming a foreign 

body granuloma (trichogranuloma). Other ar-

eas have a more diffuse chronic lympho-

plasmacytic infiltrate in the dermis and hypo-

dermal fat. The overlying epidermis exhibits 

mild to moderate acanthosis, hypergranulo-

sis, and orthokeratotic hyperkeratosis. Re-

solved ulcers often contain underlying super-

ficial dermal granulation tissue proliferation, 

fibroplasia, and increased connective tissue.   

 

Contributor’s Morphologic Diagnosis:  

Haired skin: Dermatitis, chronic, hyperplas-

tic, ulcerative, with hair shaft twisting, frag-

mentation, trichogranuloma formation, and 

superficial dermal scarring.  

 

 

 

Contributor’s Comment:  

Mice of the strain C57BL/6 and those on a 

C57BL/6 background develop ulcerative der-

matitis (UD), a disease of unknown etiology 

that leads to significant morbidity.4,10 In this 

entity, ulcerations present on the dorsal scap-

ulae, torso, shoulder, and face from pruritis-

induced self-trauma, and may be single or 

multifocal in distribution.1,4,10 A recent large-

scale studies in mice reveal that chronic ul-

cerative dermatitis is still the primary non-tu-

moral cause of euthanasia in both sexes 

(39.1% in males and 35.4% in females).2 In 

the case of these mice, the lesions did not fit 

the typical clinical, gross, or histopathology 

lesions characteristic of UD.  Specifically, no 

pruritis was noted in any of the cohort clini-

cally, and lesions were initially noted when 

fur was removed. Histopathologically, small 

ulcerations were noted, however, the changes 

to the hair follicles, shafts, and secondary in-

flammation of the dermis were the most char-

acteristic findings.   

 
Figure 4-2. Haired skin, mouse. Higher magni-
fication of the field in image 4-2 with  twisted 
hair shafts (blue arrows) with surrounding 
chronic dermal infiltrates and a surface ulcer 
(black arrow). (HE,  100X) (Photo courtesy of:  
Division of Laboratory Animal Resources, Uni-
versity of Pittsburgh, 
http://www.dlar.pitt.edu/) 
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Many of the scarring alopecias in humans 

and other species, are based on primary seba-

ceous gland pathological features.7 Although 

sebaceous gland loss can be seen in some ar-

eas with chronic scarring in these mice, the 

primary lesions are centered on the follicles. 

An entity was characterized in 2011 in 

C57BL/6J mouse substrains describing a pri-

mary follicular dystrophy (PFD) which leads 

to trichogranulomas, chronic scarring of the 

dermis, and alopecia.8 The changes in the pri-

mary follicles include fragmentation and 

twisting of the hair shaft as we saw in these 

mice. In 2017, a large scale screening study 

of knockout mice revealed sporadic 

trichogranulomas are common in mutant 

mice, however, these are not consistently 

seen in all mice of a specific line. PFD was 

noted at a much lower frequency.9 Although 

the etiology of PFD remains unclear, 

C57BL/6J mice were found to have defects in 

vitamin A metabolism.9 The skin takes up 

circulating retinol and can either store it in 

the form of retinyl esters or metabolize it to 

retinoic acid.5,8 Two enzymes are present in 

the skin that can oxidize retinol to retinal. 

These include the medium chain alcohol de-

hydrogenase type 4 (ADH4) and the short 

chain dehydrogenase/reductases epithelial 

retinol dehydrogenase (DHRS9).3,8 DHRS9 is 

microsomal and can oxidize both free and 

CRBP-bound retinol.3,8 Upregulation of 

DHRS9 in C57BL/6J and C57BL/6Tac but 

not C57BL/6NCr or C57BL/6Crl mice pro-

vides a potential explanation for why the first 

two strains have a much higher frequency of 

dorsal skin alopecia.8 

 

The histologic lesions seen in mice with pri-

mary follicular dystrophy resemble the hu-

man disease currently termed central centrif-

ugal cicatrical alopecia (CCCA).8 Premature 

desquamation of the inner root sheath occurs 

in CCCA leading to marked thinning of the 

outer root sheaths with reactive perifollicular 

inflammation, and eventually entry of the  

 
Figure 4-3.  Haired skin, mouse. Hair shafts 
are twisted, fragmented, and poorly formed.  
(HE, 255X) 

 

hair fiber into the dermis with resulting de-

structive chronic granulomatous inflamma-

tion.6,8,9 Although this entity does not have 

all features of CCCA in people, the degenera-

tive features of the inner root sheath in PFD 

mirror those changes in CCCA.8 

 

Contributing Institution: 

Division of Laboratory Animal Resources 

University of Pittsburgh 

S1040 Thomas E. Starzl Biomedical Science 

Tower 

200 Lothrop Street 

Pittsburgh, PA  15261 

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

 

JPC Diagnosis: 

Haired skin: Follicular dysplasia, multifocal, 

moderate with ulcerative dermatitis, 

trichogranulomas, and superficial fibrosis.  

 

JPC Comment:   

The final case of this conference proved 

tricky for participants. Although these sec-

tions of skin featured dermatitis that was ul-

cerative, the cause was follicular dysplasia 

with ulcerative dermatitis developing simi-

larly to the CCCA that the contributor de-

scribes. From low magnification, the twisting 

of hair shafts and abnormal orientation of 

hair follicles relative to the epidermis (figure 

#) are key details. Under higher magnifica-

tion, dystrophic hairs are hypereosinophilic  
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Figure 4-4. Haired skin, mouse. In addition to 
twisted and fragmented hair shafts (arrows), 
this section shows a large surface crust, un-
derlying epithelial hyperplasia, and superfi-
cial dermal fibrosis and fibroplasia (*)(HE,  
100X) (Photo courtesy of:  Division of Labora-
tory Animal Resources, University of Pitts-
burgh, http://www.dlar.pitt.edu/) 

 

due to poor cuticle maturation as well. Alt-

hough subtle, these sections of skin also have 

increased space (widening) between abnor-

mal hair follicles as well. In contrast, UD is 

characterized by marked lymphohistiocytic 

and neutrophilic inflammation of the dermis, 

epidermis, and deeper tissues (adipose, mus-

cle, nerves) that can progress to fibrosis in 

chronic cases.2 The overlying epidermis is 

also often hyperplastic. These features of UD 

are notably absent in this case however. 

Other causes of ulcerative skin disease and 

alopecia in mice include barbering, 

feeder/waterer-associated dermatitis, ectopar-

asites (e.g. Myobia musculi), self-trauma, 

fighting, and chemotherapy agents. Primary 

deficiencies of genes associated with hair de-

velopment as was likely in this case should 

also be considered. 

Lastly, conference participants discussed 

some of the unique features of mouse skin. 

Mice lack apocrine glands and rete ridge for-

mation. They also have synchronized hair cy-

cles such that growth occurs in waves (i.e. 

adjacent follicles in section are in the same 

phase) though overall mice tend to be 

anagen-heavy. In this case, there is disruption 

of this synchronization of hair development 

due to alopecia and inflammation. 
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CASE I:   
 
Signalment:  
7-year-old female black and white colobus 
monkey (Colobus guereza). 

History: 
The animal was housed at a UK zoo collec-
tion as part of a colobus/patas monkey ex-
hibit. It presented subdued and with reduced 
appetite; after a short period of clinical im-
provement the animal was found unable to 
move and was euthanized based on a poor 
prognosis. Previous appropriate fecal testing 
at a specialized laboratory was repeatedly 
positive for Entamoeba species for a period 
of 8 months prior to death. A male in the 
same group had also died in the past 5 
months. 

Gross Pathology:  
The animal presented in poor body condition 
with no subcutaneous fat and widespread se-
rous fat atrophy. Approximately 750ml of or-
ange-yellow fluid were present in the ab-
dominal cavity. The glandular portion of the 
stomach had a circular, 2cm diameter, 
slightly depressed, ulcer with a thin white 
and red halo (hyperemia). The liver showed a 
focal capsular adhesion to the gastric serosa. 
Cut surfaces displayed a diffusely enhanced 
lobular pattern and exhibited multifocal, dark 
yellow, 5mm to 5cm, nodular foci randomly 
distributed throughout the parenchyma. The 
right cranial lung lobe exhibited a focal, 4cm, 
mottled yellow-white and red nodule, with 
heterogeneously necrotic and mucopurulent  

 
Figure 1-1. Lung and liver, colobus monkey.  
Much, if not all, of the subgross architecture 
of the sections of lung (left) and liver (right) is 
effaced by extensive areas of necrosis, hem-
orrhage, and abundant, often lamellated cel-
lular debris. (HE, 4X) 

 

cut surfaces. The middle right lung lobe was 
mottled red to dark-red and firm (consoli-
dated). The left lung lobe had patchy areas of 
congestion. Remaining organs and body cavi-
ties were unremarkable on macroscopic ex-
amination. 

Laboratory Results:  
Clinical Pathology: 

Liver, impression smear: Accumulations of 
degenerate neutrophils and vacuolated mac-
rophages, including large central aggrega-
tions of densely cellular basophilic necrotic 
debris. Red blood cells and occasional multi-
nucleated cells were present around the pe-
riphery of aggregates. A few normal hepato-
cytes were seen, with blue cytoplasm con-
taining occasional dark blue/black granules  
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Figure 1-2. Liver, colobus monkey.  50% of the 
liver is effaced by large areas of necrosis.  At 
the periphery of the necrosis, there is promi-
nent fibrosis throughout the remainder of the 
section.   (HE, 7X) 

  

(presumed hemosiderin). Mixed populations 
of bacteria were present amongst the cellular 
debris. Some areas had more abundant popu-
lations of spindle cells (presumptive fibro-
blasts). 

Right lung, impression smear: Mixed popu-
lations of inflammatory cells including small 
numbers of degenerate neutrophils, abundant 
macrophages, and occasional multinucleated 
cells. Macrophages had vacuolated cyto-
plasm, sometimes with intracytoplasmic 
granular debris. Red blood cells were inter-
mingled with inflammatory populations. 

Immunohistochemistry: 

IHC for E. histolytica: Positive (carried out 
at the Institute for Veterinary Pathology, Uni-
versity of Liverpool, following standard op-
erating procedures).  

 
Microscopic Description:  
Liver: Randomly to bridging, approximately 
80% of the examined section is completely ef-
faced by multifocal to coalescent areas con-
taining abundant amphophilic and basophilic 
amorphous debris (lytic necrosis) admixed 
with cytoclastic inflammatory cells, small 

numbers of viable and non-viable neutrophils, 
and moderate numbers of circular to oval, 15-
20µm, unicellular protozoa with a pale eosin-
ophilic cytoplasm with large phagocytic vacu-
oles and a pale small amphophilic eccentric 
basophilic round to oval nucleus (amoebic 
trophozoites). Areas of necrosis are intermin-
gled and rimmed by numerous macrophages, 
neutrophils (viable and non-viable) and occa-
sional multinucleated giant cells (Foreign 
body giant cell type) admixed with moderate 
deposition of reactive fibroblasts and mature 
collagen fibers (fibrosis). Interlacing and in-
corporating between the immature granulation 
and fibrotic tissue, there are myriad of irregu-
lar proliferated biliary ductules (biliary hyper-
plasia or ductular reaction). The adjacent pa-
renchyma is composed of widely separated 
hepatic cords with small, irregular hepatocytes 
(atrophy). 

Lung: Multifocal to coalescing, affecting ap-
proximately 75% of the section, there is se-
vere pyogranulomatous and necrotizing in-
flammation accompanied by large empty ar- 

 

 
Figure 1-3. Liver, colobus monkey. There are 
numerous amebae within the areas of lytic 
necrosis.  Amebae are round with prominent 
nuclei and abundant eosinophilic granular cy-
toplasm.  (HE, 567X). 
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eas (cavitation of alveolar parenchyma) and 
dilated bronchi (bronchiectasis). Filling and 
expanding bronchi and bronchioles and effac-
ing the adjacent pulmonary parenchyma, 
there are large numbers of amphophilic kar-
yorrhectic and cellular debris (lytic necrosis), 
eosinophilic fibrillary beaded material (fi-
brin), viable and degenerated neutrophils, 
macrophages and extravasated erythrocytes 
(hemorrhage) admixed with orange/yellow 
hemoglobin breakdown pigments. Within the 
necrotic areas there are numerous circular or 
oval, 15-20µm, unicellular protozoa with a 
pale eosinophilic cytoplasm with large phag-
ocytic vacuoles and pale small amphophilic 
eccentric round to oval nucleus (amoebic 
trophozoites). The necrotic areas are sur-
rounded by abundant viable and degenerate 
neutrophils, macrophages (mostly epitheli-
oid) and multinucleated giant cells (Langhans 
and foreign body type). Focally, there is a 
large thrombus filling a pulmonary vessel 
which is attached to the necrotic endothelium 
and composed of neutrophils, necrotic debris 
and fibrin. Multifocally, surrounding areas of 
inflammation, alveolar septa are expanded or 
effaced by increased collagen (fibrosis) and 
hypertrophic fibroblasts with perpendicularly 
arranged small blood vessels (granulation tis-
sue). Adjacent septa are irregularly lined by 
cuboidal epithelium (pneumocyte type II hy-
perplasia). Less affected alveolar spaces are 
filled with a large amount of hemorrhage, oc-
casionally admixed with fibrin, inflammatory 
debris and necrotic material. Multifocally, 
there are few discrete areas of pulmonary 
over inflation.  

 
Contributor’s Morphologic Diagnosis:  
1. Hepatitis, necrotizing, pyogranulomatous, 
fibrosing, with abundant intralesional proto-
zoal (amoebic) trophozoites consistent with 
Entamoeba spp., and bile duct hyperplasia, 
severe, multifocal to coalescent, random to 
bridging), chronic-active; liver. 

 
Figure 1-4. Liver, colobus monkey.  A PAS 
stain demonstrates the amebae within areas 
of lytic necrosis.  (PAS w/ malachite green, 
200X) 

 

2. Pneumonia, necrotizing, pyogranuloma-
tous, with bronchiectasis, fibrin thrombus, 
and intralesional protozoal (amoebic) tropho-
zoites consistent with Entamoeba spp., se-
vere, multifocal to coalescent, chronic-active; 
lung. 

 
Contributor’s Comment: 
Lesions in this case were consistent with 
chronic-active hepatic and pulmonary amebi-
asis. Other concomitant lesions in this case 
included ulcerative amebic gastritis, ascites, 
and emaciation. Unicellular protozoal organ-
isms whose morphology were consistent with 
Entamoeba spp. were observed within the ne-
crotic areas in the liver, lung, and stomach. 
Immunohistochemistry for Entamoeba histo-
lytica was positive, further confirming the 
histopathological diagnosis.  

E. histolytica is a protozoan parasite reported 
worldwide to occur in humans and a wide 
range of New and Old World monkeys, as 
well as apes.8  Several species have been de-
scribed which differ in their location in the 
host and nonhuman primate (NHP) species 
affected including E. histolytica, E. dispar, E. 
moshkovskii, E. polecki, E. nutalli, E. chat-
toni, E. coli, E. hartmanni, E. ecuadoriensis 
and E. bangladeshi.8 In the United Kingdom, 
one study suggests a notable prevalence of  

167



4 
 

 
Figure 1-5. Lung, colobus monkey. There are 
numerous areas of lytic necrosis and alveolar 
exudate throughout the lung.  (HE, 87X) 

 

Entamoeba infection in NHPs with three 
main species circulating in the zoo’s environ-
ment, namely E. histolytica, E. dispar and E. 
polecki ST4.6  

Included under the E. histolytica species 
complex are E. histolytica, E. dispar and E. 
moshkovskii. They have different virulence 
capabilities, but are morphologically indistin-
guishable.7 E. histolytica is the most com-
monly recognized zoonotic agent and can 
cause both intra- and extraintestinal dis-
ease.1,8 There is a zoonotic risk for humans in 
close contact with primates.6 The pathogenic-
ity is determined by multiple virulence fac-
tors such as ubiquitin and adhesive surface 
lectins and is further depend on strain, host 
species, nutritional status, gastrointestinal 
(GI) microflora, environmental factors.1,2,8 
The essential steps leading to tissue damage 
are the adhesion of the organism to the hosts’ 
protective mucus by lectin followed by enzy-
matic mucus breakdown and lectin-mediated 
adherence to host epithelium. Damage to mu-
cosal epithelium is mediated by the release of 
cysteine proteases that attract inflammatory 
cells.  

Usually, clinical signs are unspecific and 
NHPs show lethargy, weakness apathy, dehy-
dration, anorexia, vomiting, rectal prolapse 
and severe catarrhal or hemorrhagic diar-
rhea.1,8  

Fatal amebiasis with abscess formation par-
ticularly in the liver and more infrequently in 
the lung and the brain is reported in humans, 
colobus monkeys (Colobus guereza; Colobus 
abyssinicus), douc langurs (Pygathrix 
nemaeus), dusky leaf monkeys (Presbytis ob-
scurus), chimpanzees (Pan troglodytes), ba-
boons (Papio spp.), orangutans (Pongo pyg-
maeus), and spider monkeys (Ateles 
spp.).1,6,8,9 Concurrent amebic gastritis is pre-
dominantly seen in leaf-eating primates (col-
obus monkey, silver-leafed monkey) and 
other gastric fermenting folivores such as 
langurs and proboscis and relates to higher 
stomach pH that is conducive to survival of 
ameba.1,9  

The encystment of the infective forms ap-
pears to take place in the small intestine and 
the infection is established in the lumen of 
the large intestine. Infections are often transi-
ent and self-limiting. Under certain circum-
stances however, E. histolytica may invade 
the intestinal wall and cause colitis and con-
secutive amebic hepatitis by spread via the 
portal vein.9 Hematogenous and/or lymphatic 
invasion of other organs (brain, lung) is rare 
and reported to be nearly always associated 
with liver abscesses.8  

 
Figure 1-6. Lung, colobus monkey.  Ameba 
are present within areas of necrosis.  There 
are scattered multinucleated foreign body 
type giant cells within the alveoli as well.  
(HE, 443X) 
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Microscopically, amebae are surrounded by a 
clear halo with extensive pseudopodia and 
possess a nucleus with a dark karyosome. 
The cytoplasm appears foamy and they fre-
quently phagocytize erythrocytes, which 
makes them difficult to distinguish from acti-
vated macrophages. The periodic acid-Schiff 
reaction highlights intracytoplasmic glycogen 
granules within amebae. Trichrome and 
Giemsa stains can also be utilized to empha-
size amoebic trophozoites. On direct smears, 
Lugol’s iodine can be used to aid the diagno-
sis of trophozoites, due to the presence of in-
tracytoplasmic glycogen (starch).  

 
Contributing Institution:  
International Zoo Veterinary Group, Station 
House, Parkwood Street, Keighley, BD21 
4NQ, UK. Website: www.izvg.co.uk 

 
JPC Diagnosis: 
1. Liver: Hepatitis, necrotizing, chronic-ac-

tive, multifocal to coalescing, severe, with 
numerous amebic trophozoites.  

2. Lung: Pneumonia, interstitial, necro-hem-
orrhagic, chronic-active, diffuse, severe, 
with pleural granulation tissue and numer-
ous amebic trophozoites.  
 

JPC Comment:   
This week’s moderator was Dr. Jeremy 
Bearss, previous chairman of the department 
and current research pathologist with the Na-
tional Institute of Allergy and Infectious Dis-
eases. This week’s cases were chosen as they 
are all excellent “descriptive cases”. 

The profoundly necrotizing nature of these 
lesions was evident from low magnification, 
although more careful observation was re-
quired to pick up evidence of chronicity in-
cluding type II pneumocyte hyperplasia, fi-
brosis, and subpleural granulation tissue 
within the lung and nodular regeneration and 
biliary hyperplasia within the liver. Although 
amebae were recognizable in large numbers  

 
Figure 1-7. Stomach, colobus monkey.  
Ameba within the gastric ulcer are positive 
for an immunostain for Entamoeba histolyt-
ica.  (anti Entamoeba histolytica, 400X) 
(Photo courtesy of: International Zoo Veteri-
nary Group, Station House, Parkwood Street, 
Keighley, BD21 4NQ, UK. Website: 
www.izvg.co.uk) 

 

on H&E, both PAS and GMS stains were 
helpful in highlighting them, and are con-
soiderations for cases in whichch their num-
bers are reduced.   

As the contributor notes, diet plays a role in 
the pathogenesis of this entity in leaf-eating 
primates. Colobine monkeys have a large 
simple stomach with four compartments, 
which provide dedicated space for increased 
fermentation.3 The relative increase in pH in 
this portion of the stomach is conducive to 
the survival of ameba. The gastric ulcers 
noted in the clinical history are the portal of 
entry of Entamoeba into the portal system 
with dissemination to liver and lungs. Dr. 
Kali Holder (Smithsonian conservation 
pathologist) was among conference attendees 
and noted that similar Entamoeba lesions can 
be seen in kangaroos and wallabies given 
their similar diet and compartmented stomach 
structure. 

Finally, the role of Entamoeba as both a zo-
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onosis and anthrozoonosis is worth consider-
ing. Transmission of Entamoeba from cap-
tive non-human primates to caretakers was 
previously described.5 E. nuttalli is patho-
genic in animals, though its role in human 
disease is unclear. Nonetheless, caretakers 
that did not care for NHPs lacked the pres-
ence of E. nuttalli in fecal specimens, con-
sistent with transmission of the agent within 
the zoo environment. Conversely, potential 
transmission of E. histolytica from humans to 
chimpanzees and baboons in the Gombe re-
gion of Tanzania has also been detailed.4  
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CASE II:  
 
Signalment:  
13 year old, castrated male, Yorkshire terrier, 
Canis familiaris, Dog 

 
History:  
History of inflammatory bowel disease 
treated with prednisone. Presented on 17 Jan-
uary 2024 for evaluation of dyspnea and 
hyporexia. Had multiple episodes of vomit-
ing without response to an increased predni-
sone dose. He was hospitalized on supple-
mental O2. Exam revealed a grade 4/6 heart  

 
Figure 2-1. Lung, dog. Two sections of lung 
are submitted for examination.  There are 
several foci of hypercellularity in subpleural 
areas..  (HE, 5X) 
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murmur, he was preemptively treated with 
Vetmedin/Lasix. Radiographs showed evi-
dence of pneumonia. Echocardiogram re-
vealed evidence of mitral and tricuspid valve 
degeneration with regurgitation, with no left 
atrial enlargement and no evidence of con-
gestive heart failure. Patient was transitioned 
to room air on 18 January 2024 and he did 
well. On the morning of 19 January 2024, pa-
tient acutely decompensated and CPR was 
performed. CPR was successful but patient 
was euthanized. 

 
Gross Pathology:  
Heavy body condition, BCS 7/9, and dis-
tended abdomen. Lungs were diffusely wet 
and heavy, red fluid in the thoracic cavity. 
The right ventricle was large and dilated, and 
there were nodular proliferations on the right 
and left AV valves. No significant findings in 
the abdominal cavity. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Microscopic Description: 
Lungs: Alveolar septa are diffusely thickened 
by variable combinations and concentrations 
of fibrin, histiocytes, fewer lymphocytes, 
edema, and congested alveolar capillaries. 
Multifocally affecting approximately 40% of 
the examined tissue, alveolar septa are lined 
by lamellae of polymerized eosinophilic hya-
line material (hyaline membranes), and in 
these areas type I pneumocytes are often lost 
or necrotic with nuclear pyknosis or karyor-
rhexis.  Diffusely, alveolar spaces contain 
variable combinations and concentrations of 
hemorrhage, edema fluid, variably polymer-
ized fibrin, and increased numbers of foamy 
alveolar macrophages that occasionally con-
tain phagocytosed erythrocytes and rarely 
contain hints of cytoplasmic hemosiderin. 
The perivascular tissue surrounding larger 
vessels is expanded by edema. The adventitia 
of small and medium veins multifocally is 
minimally to mildly expanded by increased 
fibrous connective tissue. Focally extensively 
affecting approximately 5% of the examined  

Figure 2-2.  Lung, dog.  in one section, in a patchy distribution, there are extensive areas in which 
alveolar septa are congested with intraseptal edema.  There is exudation of fibrin into the alveoli, 
where it has polymerized and  is admixed with hemorrhage, alveolar macrophages and neutro-
phils.  (HE, 381X) 
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tissue, adjacent to a bronchus and pulmonary 
vein, alveoli are filled and expanded by ex-
tracellular and intrahistiocytic amorphous, 
homogeneous, amphophilic, anisotropic, ag-
gregates of hyaline material that vary in size 
from 5-300 in diameter. The material is mul-
tifocally surrounded by granulomatous in-
flammation composed of foamy macro-
phages, multinucleate giant cells, and few 
lymphocytes and plasma cells. At the tip of 
the margin of one tissue section, there is a fo-
cal area of moderate to marked alveolar sep-
tal expansion by fibrosis. In this area, there is 
marked type II pneumocyte hyperplasia, and 
alveoli contain high numbers of entrapped 
foamy alveolar macrophages. 

The intra-alveolar, hyaline, amphophilic ma-
terial is strongly PAS-positive. 

Not submitted for WSC, the liver had evi-
dence of chronic passive congestion to in-
clude central vein adventitial fibrosis, centri-
lobular congestion, and centrilobular hepato-
cyte atrophy. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Contributor’s Morphologic Diagnosis: 
1. Lung: Pneumonia, interstitial, acute, ne-

crotizing, multifocal to coalescing, mod-
erate, with hyaline membrane formation 

2. Lung: Congestion, diffuse, moderate, 
with increased alveolar macrophages and 
perivascular edema  

3. Lung: Pneumonia, granulomatous, focal, 
mild, with intraalveolar, extracellular and 
intrahistiocytic, amphophilic, homogene-
ous, hyaline material 

 
Contributor’s Comment:  
This case represents three pulmonary entities: 
acute respiratory distress syndrome, chronic 
passive congestion, and pulmonary hyalino-
sis. 

Acute respiratory distress syndrome (ARDS) 
is the clinical manifestation of diffuse alveo-
lar damage (DAD).4,5,7 DAD is due to injury 
to type I pneumocytes and/or alveolar capil-
lary endothelium which results in serum leak-
age into alveoli, with subsequent pulmonary 
edema and polymerization of fibrin into char-
acteristic hyaline membranes lining alveolar 

Figure 2-3. Lung, dog. Throughout the section, alveolar spaces contain clusters of macrophages 
which contain intracytoplasmic brown granular pigment (iron), know as “heart failure cells”.   (HE, 
248X) 
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septa, and eventually type II pneumocyte hy-
perplasia and interstitial fibrosis.5,7 The path-
ophysiology of ARDS/DAD is beautifully il-
lustrated in Robbins and Cotran Pathologic 
Basis of Disease 10th Ed. Figure 15.3.5  
ARDS has garnered widespread attention in 
recent years because the pathogenesis of 
COVID-19-induced pneumonia is similar.7 
Clinically, animals affected with ARDS have 
acute-onset dyspnea, tachypnea, variable 
coughing, and lethargy that is often fatal 
within 3 days.4 The key histologic feature of 
this condition is the formation of hyaline 
membranes; these are variably thick, eosino-
philic membranes lining alveolar septa, 
which physiologically prevent gas diffusion 
leading to respiratory distress.4 Histologically 
there is also often necrosis or attenuation of 
terminal bronchiolar epithelium.4,7 DAD may 
be due to direct or indirect damage, such as 
the result of multiple organ dysfunction syn-
drome.4,7 Notable causes of diffuse alveolar 
damage include smoke inhalation, oxygen 
toxicity, inhalation of toxic gases (ammonia, 
phosgene, ozone, etc.), toxin ingestion (para-
quat, 3-methylindole, perilla mint, etc.), near 
drowning, strangulation, septicemia, shock, 
massive trauma, and chronic left sided heart 
failure, although many cases are idio-
pathic.4,5,7 

In humans, congestive left-sided heart failure 
with subsequent pulmonary congestion often 
results in accumulation of so-called “heart 
failure cells” within alveoli.6 These “heart 
failure cells”, also termed siderophages, are 
simply hemosiderin-laden alveolar macro-
phages that have phagocytosed red blood 
cells.4,6,7 In veterinary medicine (with the ex-
ception of non-human primates), it is rare to 
see classic “heart failure cells” associated 
with chronic heart failure; however, the num-
ber of non-hemosiderin-laden alveolar mac-
rophages is often increased secondary to 
chronic pulmonary edema.4 Additionally of 
note, hemosiderin-laden alveolar macro-
phages can be present in conditions other  

 
Figure 2-4.  Lung, dog.  A Perl’s stain for iron 
demonstrates numerous iron pigment in the 
“heart failure cells”. (Perl’s iron, 400X) 

 

than heart failure, such as pulmonary hemor-
rhage.4 Pulmonary sequelae to chronic left-
sided heart failure are pulmonary edema, in-
creased alveolar macrophages, and pulmo-
nary vein remodeling.4,7 The pulmonary vein 
remodeling may simply consist of subtly in-
creased adventitial collagen of small to me-
dium-sized pulmonary veins.4 

Pulmonary hyalinosis is an uncommon, idio-
pathic condition in older dogs that is due to 
an uncharacterized alveolar-filling disor-
der.7,8 Alveolar-filling disorders are charac-
terized by accumulations of abnormal mate-
rial in alveoli, and include alveolar histio-
cytosis, endogenous lipid pneumonia, alveo-
lar proteinosis, alveolar phospholipidosis, al-
veolar microlithiasis, and pulmonary hyalino-
sis.7,8 Pulmonary hyalinosis is considered an 
incidental finding.4,7,8 The material within al-
veolar lumina is characteristically ampho-
philic, amorphous or lamellar, birefringent, 
and strongly PAS-positive.4,7,8 This condition 
was relatively recently reported in 6 captive 
sugar gliders.8 This condition was also re-
cently highlighted in the JPC Wednesday 
Slide Conference (see Conference 5, Case 4, 
2022-2023).  

 
Contributing Institution:  
Tri-Service Research Laboratory 

4141 Petroleum Dr 

San Antonio, TX 78234 
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JPC Diagnosis: 

1. Lung: Pneumonia, interstitial and organ-
izing, necrotizing and fibrinous, subacute, 
multifocal, moderate with type II pneu-
mocyte hyperplasia. 

2. Lung: Congestion, chronic, diffuse, mild 
to moderate with alveolar siderophages 
and edema.  

3. Lung: Pneumonia, interstitial, granuloma-
tous, chronic, multifocal, moderate, with 
abundant hyaline material.  

4. Lung: Pneumonitis, lymphocytic, 
chronic, focal, marked (subpleural alveo-
lar proteinosis). 

JPC Comment:  
Case 2 showcases multiple entities occurring 
simultaneously in the lung of an aged dog. 
Conference participants collectively were 
able to spot five distinct processes, which re-
inforces the value of complete slide examina-
tion. We did not add a morphologic diagnosis 
for anthracosilicosis in this case, as it is a 
common and incidental finding in aged ani-
mals, and of a relatively minor degree in  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

this case.   Likewise, the pulmonary hyalino-
sis in this case was not likely significant in 
the death of this animal. We added a separate 
morphologic diagnosis for the subpleural al-
veolar proteinosis, which is a common inci-
dental finding in older dogs, but is worth not-
ing. 

The group differed from the contributor in 
their interpretation of hyaline membranes in 
this case. Participants noted that the polymer-
ized fibrin filled the alveoli as “fibrin ball”1,3 
as opposed to a hyaline membrane, which is 
typically adherent to the basement membrane 
itself and visually lines the affected septa.. 
Likewise, the concurrent type II pneumocyte 
hyperplasia in this case and increased number 
of myofibroblasts highlighted by a smooth 
muscle actin IHC was consistent with at least 
a subacute course of disease in this animal. 
Dr Bearss noted that he has seen this pheno-
type in monkeys utilized for Nipah virus re-
search and drew parallels from his experience 

 Acute fibrinous and organizing pneumonias 

Figure 2-5. Lung, dog.  Multifocally, there are foci of pulmonary hyalinosis with abundant ampho-
philic protein within alveoli.  (HE, 390X)   
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(AFOP) are a distinct entity in human medi-
cine1,2,3 that represent an acute to subacute 
phenotype of severe lung injury. With this 
slower onset, the mix of plasma protein, sur-
factant, fibrin, and cellular debris characteris-
tic of a classic acute hyaline membrane is in-
filtrated by inflammatory cells and embedded 
myofibroblasts and forms a distinct “fibrin 
ball” in the alveolus. Likewise, this ‘slow 
burn’ also provides time for pneumocyte hy-
perplasia that prevents direct adhesion of ma-
terial to the basement membrane. In time, this 
plug of material may also trap inhaled air and 
lead to secondary emphysema and/or bron-
chiectasis.1,3. Whether or not left-sided heart 
failure in conjunction with oxygen therapy 
(and generation of radical oxygen species) 
was sufficient to damage the endothelium 
and/or type I pneumocytes was not resolved 
in the conference discussion. Herein we use 
‘fibrinous’ and ‘organizing’ to capture the 
nature and distribution of this material and 
introduce this term to a wider audience. 

Finally, conference participants touched on 
the heart failure aspect of this case. Hemo-
siderin-laden macrophages were a more sub-
tle pickup in this case absent the history, 
though some participants also noted erythro-
phagocytosis which was another confirma-
tion of chronic congestion and stasis of pul-
monary blood flow. Alveolar macrophages 
stained strongly with Perl’s Prussian blue, 
confirming the presence of iron.  
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CASE III:  

Signalment:       
3.5 year-old, intact female, Drill, Mandrillus 
leucophaeus, non-human primate. 

 
History:  
The animal was kept in a zoo with access to 
indoor- and outdoor facilities. It was pre-
sented to the veterinarian due to a mass in the 
anterior chamber of the left eye. The left eye 
was removed and submitted for further inves 
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Figure 3-1.  Eye, drill. Inspection of the left 
eye revealed a yellowish brown, and immov-
able mass filling the nasoventral part of the 
left anterior eye chamber  (Photo courtesy of: 
Institute of Veterinary Pathology at the Cen-
tre for Clinical Veterinary Medicine, Ludwig-
Maximilians-Universität München 
https://www.patho.vetmed.uni-
muenchen.de) 

 

tigation to the Institute of Veterinary Pathol-
ogy at the Ludwig-Maximilians-Universität 
in Munich, Germany. 

 
Gross Pathology:  
In situ-inspection of the left eye revealed a 
yellowish brown, and immovable mass filling 
the nasoventral part of the left anterior eye 
chamber. After removal of the eye and 24 
hours of fixation with modified Davidson so-
lution, the mass was further examined and 
trimmed. The mass measured ca. 1 cm x 0.8 
cm x 0.3 cm and was confined to the iris and 
ciliary body. On cut section, the surface of 
the iris and ciliary body appeared solid to 
cystic. The lens was mildly displaced. 

 

Laboratory Results: 
Echinococcus multilocularis - PCR (lung, 

liver, eye): positive. 

Echinococcus multilocularis – Immunohisto-
chemistry (eye): positive. 

Microscopic Description:  
Left eye: The stroma of the iris and ciliary 
body is focally extensively expanded by a 
multiloculated hydatid cyst accompanied by 
marked inflammatory cell infiltration and ne-
crosis. In particular, the iridociliary stroma is 
partly effaced by multiple intact or collapsed 
cystic spaces of different sizes (ranging from 
15 to 1500 µm in diameter) surrounded by a 
10-15 µm thin hyaline acellular laminated 
cyst wall (laminated layer). The inner part of 
the cyst wall is often lined by a monolayer of 
cuboidal cells (germinal layer). The cystic 
spaces are either optically empty or simply 
contain finely granular amphophilic material 
(non-fertile hydatid cyst). The cyst walls are 
surrounded by numerous multinucleated gi-
ant cells with up to 60 nuclei that are irregu-
larly distributed within the cytoplasm (for-
eign-body giant cells), intermingled with 
large numbers of macrophages, lymphocytes, 
and plasma cells, and lower numbers of eo-
sinophilic granulocytes. Intralesionally, there 
are multiple areas consisting of small cyst 
wall fragments and cellular debris character-
ized by loss of cellular detail, hypereosino-
philia, and shrinked and fragmented nuclei 
(necrosis). The expanded iris adheres to the 
cornea (anterior synechia) and the associated 
part of the iridocorneal angle is closed. 

Moderate to large numbers of plasma cells, 
lymphocytes, and macrophages are infiltrat-
ing the remaining portions of the iridociliary 
stroma, the trabecular meshwork, as well as 
the immediately surrounding portions of the 
choroidea, sclera, and cornea.  

Additionally, ocular adnexa including the 
conjunctiva show multifocal infiltration of  
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Figure 3-2. Eye, drill. Marked expansion of iris 
and ciliary body. The mass is partly solid, and 
partly cystic, displacing adjacent structures 
including the lens. Scale bar = 1 cm. (Photo 
courtesy of: Institute of Veterinary Pathology 
at the Centre for Clinical Veterinary Medicine, 
Ludwig-Maximilians-Universität München 
https://www.patho.vetmed.uni-
muenchen.de) 

 

low to moderate numbers of lymphocytes and 
plasma cells. 

Contributor’s Morphologic Diagnosis:  
Left eye: Hydatid cyst, multiloculated, non-
fertile, iridociliary, with marked chronic 
granulomatous and eosinophilic anterior uve-
itis with stromal necrosis, anterior synechia, 
and mild to moderate chronic lympho-
plasmacytic scleritis and conjunctivitis. 

 
Contributor’s Comment:  
Echinococcus multilocularis (EM) belongs to 
the phylum Platyhelminthes, class Cestoda 
(tapeworms), and subclass Eucestoda. Within 
the order Cyclophyllidea it is further subordi-
nated to the family Taeniidae. The larval 
stage of EM is the causative agent of alveolar 
echinococcosis (AE), a parasitic zoonotic dis-
ease of great medical and veterinary im-
portance distributed in the northern hemi-
sphere.2,8  

The parasite’s life cycle usually involves var-
ious species of wild rodents, such as 
Arvicolinae and Cricetinae, and the lago-
morph pika (Ochotona curzoniae) on the Ti-
betian plateau of China as intermediate hosts. 
Depending on the epidemiological setting, 
wild or domestic canid and felid species such 
as red or arctic foxes, jackals, wolves, dogs, 
and cats serve as the parasite's definitive 
hosts.2,3,7,8 Moreover, dogs can simultane-
ously act as definitive and intermediate 
hosts.2 

The definitive host harbors the egg-producing 
adult form of EM (tapeworm) within the in-
testine and eggs or the egg containing last 
segment of the worm (gravid proglottid) are 
shed via feces. The infective eggs are dis-
persed in the environment, where they can 
survive approximately 1 year in a suitable, 
moist environment at lower temperatures, but 
they are sensitive to desiccation and high 
temperatures.3 Once the eggs are ingested by 
the intermediate host, they hatch in the small 
intestine. The hexacanth larva (oncosphere) 
is released and penetrates the gut wall. It then 
passes through the portal and lymphatic ves-
sels, eventually reaching various organs in 
the intermediate host's body.8,11 Within the 
affected organs of the intermediate host, the 
oncosphere develops into a metacestode, 
which is a larval stage characterized by mul-
tilocular vesiculated cyst formation. This dis-
ease is called ‘alveolar echinococcosis’ due 
to the appearance of these cysts.1 

These cysts have an outer laminated layer 
and an inner germinal layer, and in case of 
fertile cysts, the germinal layer produces 
brood capsules containing protoscoleces.4 
The life cycle is completed when the defini-
tive host consumes the organs of the interme-
diate host that contain fertile metacestodes. 
Within the intestine, the protoscoleces de-
velop into adults. The prepatent period be-
tween ingestion of protoscoleces and the pro-
duction of eggs by the matured tapeworm  
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Figure 3-3. Eye, drill.  Midline section through 
globe.  There is cystic space-occupying mass 
within the uvea and choroid at the base of 
the iris root and ciliary body.     (HE, 5X) 

 

typically ranges from 4 to 7 weeks.8 

Aberrant intermediate host animals and hu-
mans can also become infected with the 
metacestode stage by accidental ingestion of 
oncosphere-containing eggs.3 However, aber-
rant intermediate host animals do not play a 
role in the transmission cycle and include 
horses, cattle, domestic and wild pigs, nutria 
(Myocastor coypus), and several species of 
nonhuman primates (NHP).3,11 Infection with 
EM metacestodes is reported from a variety 
of NHP, including gorilla (Gorilla gorilla), 
orangutan (Pongo pygmaeus), rhesus monkey 
(Macaca mulatta), cynomolgus monkey 
(Macaca fascicularis), lion-tailed macaque 
(Macaca silenus),1,9 Japanese monkeys 
(Macaca fuscata),5 and ring-tailed lemur 
(Lemur catta).6 After a large outbreak in a 
German breeding enclosure with three differ-
ent affected NHP species, cynomolgus mon-
keys were considered to be at higher risk, and 
therefore, presumably are more susceptible to 
infection than other NHP species. However, 
it is important to note that NHP in zoological 
gardens and institutional colonies, particu-

larly in endemic regions, are at risk of be-
coming infected with EM.9  

AE is of increasing concern globally due to 
the geographical spread of EM, its increasing 
prevalence in animals from endemic areas, 
the absence of a vaccine, and the lack of ac-
tive control measures to prevent the infec-
tion.2 

Once the aberrant intermediate host is in-
fected, the metacestode infiltration and pro-
liferation progress silently (in humans, over 
the course of 5 to 15 years), causing AE, a 
chronic and complex disease with a devasting 
clinical condition and high fatality rate if left 
untreated.2,8 

AE primarily affects the liver in intermediate 
hosts as well as aberrant intermediate hosts 
and behaves like an infiltrative and eventu-
ally metastasizing tumor with further infiltra-
tion of tissues close to the liver or dissemina-
tion via blood and lymphatic vessels.2,8,11 
Less frequently than the liver are lungs, 
brain, bones, or any other organ of the (aber-
rant) intermediate host affected.9,11 Immune 
suppression exacerbates disease progres-
sion.2,8 

In the present case, a full body necropsy was 
carried out after the evaluation of the eye, 
and a subsequent histological examination of 
further organs failed to identify any addi-
tional diseases or evidence of immunosup-
pression. However, besides the earlier diag-
nosed intraocular invasion, multiple organs 
were affected by larval infection, including 
both common and less common tissues in-
cluding liver, kidneys, lungs, heart, lymph 
nodes, skeletal muscles, and brain. The lami-
nated layer of the cysts displayed consistently 
positive PAS-reactivity. In addition, none of 
the cysts in this animal contained brood cap-
sules with protoscoleces (non-fertile cysts). 
In general, fertility of EM cysts is common in 
susceptible hosts, where it is reached within  
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2–4 months. But it is far rarer (<20%) in re-
sistant hosts, such as humans, or most domes-
tic animals8. Aside from the absent brood 
capsules and protoscoleces, typical calcare-
ous corpuscles were also not seen in the pre-
sent case. These corpuscles can be very help-
ful for identification purposes in histological 
sections and appear as basophilic to clear 
ovals with a concentric ringed appearance, 
but they may “dissolve” in fixation or histo-
logical processing.4 

In human as well as veterinary medicine, the 
gold standard for AE diagnosis is the identifi-
cation of parasite structures/genome in sam-
ples obtained invasively. Imaging techniques 
demonstrate characteristic features of the le-
sions, while serology is complementary.2,3 

In 2020, an international consensus on termi-
nology to be used in the field of echinococ-
cosis was published. To harmonize echino-
coccosis terminology on sound scientific and 
linguistic grounds, the World Association of  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Echinococcosis launched a Formal Consen-
sus process. The main achievements of this 
process were: (1) an update of the current no-
menclature of Echinococcus spp.; (2) an 
agreement on three names of diseases due to 
Echinococcus spp.: Cystic Echinococcosis, 
Alveolar Echinococcosis, and Neotropical 
Echinococcosis, and the exclusion of all other 
names; (3) an agreement on the restricted use 
of the adjective “hydatid” to refer to the cyst 
and fluid due to E. granulosus sensu lato; and 
(4) an agreement on a standardized descrip-
tion of the surgical operations for CE, ac-
cording to the “Approach, cyst Opening, Re-
section, and Completeness” (AORC) frame-
work. In addition, 95 “approved” and 60 “re-
jected” terms were listed.10 In detail, the term 
“hydatid” (as noun and as adjective) as well 
as the term “cyst” should be restricted (by us-
age, not strictly by definition) to the 
metacestode of E. granulosus sensu lato 
causing cystic echinococcosis. It should not 
be used for the metacestode of E. multilocu-

Figure 3-4. Eye, drill.  The uveal mass consists of a microcyst of E. multilocularis embedded in granu-
lomatous inflammation.  The cysts are devoid of protoscoleces, indicating an infertile microcyst.  
There are numerous multinucleated foreign body-type macrophages at bottom left.    (HE, 99X) 
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laris. This consensus was processed and pub-
lished in order to avoid confusion between 
human diseases caused by the various species 
of Echinococcus. “Hydatid” should further 
not be used to designate anything relating to 
AE or neotropical echinococcoses caused by 
E. vogeli or E. oligarthra. Among all the spe-
cialists working in the field of echinococ-
cosis, such as in experimental models, veteri-
nary pathologists are also asked to use the 
term (echinococcal) “microcyst” in AE lesion 
instead of the term “hydatid cyst.”10 

Further parasites that can be found inci-
dentally in the animal eye:12  

- Echinococcus in nonhuman primates 
- Cysticercus in swines 
- Microfilariae of Elaeophora schnei-

deri in elks causing occlusive vascu-
litis with multifocal ischemic chori-
oretinitis and optic neuritis in elks 

- fortuitous localization of larvae of 
Toxocara canis or other ascarids, An-
giostrongylus vasorum and Dirofi-
laria immitis in canine species, asso-
ciated with uveitis 

- Larvae of Onchocerca cervicalis and 
adults of Setaria spp. in horses 

- Fly larvae in various species causing 
ophthalmomyasis due to intraocular 
migration 

- Larvae of Diplostomum spathaceum 
in fishes 

-  
The lens fluke (Diplostomum spathaceum) is 
the only known specific intraocular parasite. 
This parasite is primarily found in the eye 
lenses of fishes. After penetrating the fish's 
skin, the Diplostomum larvae migrate to the 
lens of the eye with remarkable speed and 
specificity. The presence of numerous larvae 
within the lens can lead to the development 
of cataracts. These larvae are ingested by 
fish-eating birds, which completes the life cy-
cle of the parasite.12 

 
Figure 3-5.  Eye, drill. A periodic acid-Schiff  
stain highlights the hyaline wall of the micro-
cyst.   (PAS, 200X) (Photo courtesy of: Institute 
of Veterinary Pathology at the Centre for Clin-
ical Veterinary Medicine, Ludwig-
Maximilians-Universität München, 
https://www.patho.vetmed.uni-
muenchen.de) 

 
Contributing Institution:  

Institute of Veterinary Pathology at the Centre 
for Clinical Veterinary Medicine 

Ludwig-Maximilians-Universität München 
Veterinärstrasse 13  

D-80539 Munich, Germany 

https://www.patho.vetmed.uni-muenchen.de 

 

JPC Diagnosis: 
Eye: Panuveitis, granulomatous, focally ex-
tensive, severe, with anterior synechiae, lym-
phohistiocytic conjunctivitis, and hydatid 
cyst.  
 
JPC Comment:   
The contributor provides a detailed writeup 
on Echinococcus that accompanies great 
gross photos and an interesting histologic 
presentation.  

Conference participants discussed ancillary 
changes within the eye which included clo-

180



17 
 

sure of the iridocorneal angle and mild cor-
neal edema beyond the other changes the 
contributor notes. Though there was a mild 
amount of fibrin lining the contralateral irido-
corneal angle, this animal likely did not have 
sufficient deficit in aqueous humor drainage 
to cause glaucoma – comparison to the optic 
nerve, retina, and Descemet’s membrane 
were helpful checks in this case to confirm 
that histologically. The lack of calcareous 
corpuscles or protoscoleces in histologic sec-
tion of this infertile microcyst frustrated 
some conference participants, though recog-
nition of the thick cyst wall (largely host de-
rived) and germinal lining epithelium were 
key features. As the contributor hints at, the 
long duration of this infection in a resistant 
host makes identifying these features im-
portant as they may be the only specific ones 
that point to Echinococcus in these diagnostic 
cases. For comparison to a more acute infec-
tion in a Barbary ape, see VSPO D-P28A for 
examples of all representative organism fea-
tures. 

This case highlights the potential confusing 
nomenclature that arises with the shift (and 
adoption) of new terms to describe entities. 
Adoption of ‘microcyst’ and alveolar echino-
coccosis stymied some of the participants 
who felt that the morphologic diagnosis 
should retain the historical term as this 
change enters veterinary literature and aware-
ness. In solidarity with the contributor, we 
kept the term hydatid cyst for this confer-
ence, but invite readers to explore the refer-
ence by Vuitton et al10 that the contributor 
helpfully provides. 
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CASE IV:  

Signalment:  
11-year-old, female, rhesus macaque, Macaca 
mulatta, nonhuman primate  
 
History: 
This macaque has a history of seven liveborn 
infants by vaginal delivery and recently deli-
vered a large, liveborn male infant with a 
body weight of 590 g the day prior to presen-
ting for poor maternal care, a retained pla-
centa and suspected endometritis. On physi-
cal examination, the placenta was necrotic 
with an associated purulent exudate and was 
manually removed. Samples were submitted 
for aerobic and anaerobic culture. Supportive 
and therapeutic care was provided. One week 
after presentation, the uterus was enlarged on  
 

 
Figure 4-1.  Uterus, rhesus macaque. The uter-
ine body contains three areas of rupture  with 
ragged margins and a fibrinopurulent exudate  
(Photo courtesy of: Oregon National Primate 
Research Center, 
https://www.ohsu.edu/onprc) 

 
 
 

 
Figure 4-2.  Uterus, rhesus macaque.  One 
transmural section of uterus is presented for 
examination. (HE, 5X) 

 
palpation and peritonitis was observed on ul-
trasound examination. She was referred to 
surgery for exploratory laparotomy. Peritoni-
tis and multiple uterine ruptures were obser-
ved. A hysterectomy was performed.  
 
Gross Pathology:  
The uterus is enlarged and the integrity of the 
uterine fundus and the dorsal aspect of the 
uterine body is disrupted by three transmural, 
necrotizing uterine ruptures with ragged mar-
gins and a fibrinopurulent exudate.  
The placental fragments were not submitted 
for gross or microscopic examination  
 
Laboratory Results: 
Aerobic culture of placental fragments yiel-
ded a mixed bacterial population at initial 
presentation - beta-hemolytic Streptococcus 
(3+), alpha-hemolytic Streptococcus (not 
Streptococcus pneumoniae, 2+), Proteus (1+), 
Staphylococcus aureus (1+), and Staphyloco-
ccus epidermidis (1+)  
Anaerobic culture of placental fragments at 
initial presentation yielded gram-positive ba-
cillus (not Listeria, 2+), gram-negative baci-
llus (2+), and gram-positive coccus (3+)  
Cytologic examination of the peritoneal fluid 
one week following initial presentation  
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showed gram-negative bacilli within macrop-
hages and neutrophils.  
Aerobic culture of the peritoneal cavity one 
week after initial presentation yielded Strep-
tococcus, nonhemolytic (4+)  
Anaerobic culture of the peritoneal cavity 
one week after initial presentation yielded 
gram-positive coccus (3+), gram-negative ba-
cillus (3+) and gram-positive bacillus (1+)  
 
Microscopic Description:  
The microarchitecture of the endometrium 
exhibiting variable stromal decidualization is 
effaced and overlain by an inflammatory in-
filtrate composed of myriad degenerate neu-
trophils, macrophages often laden with 
brown pigment and fewer lymphocytes admi-
xed with karyorrhectic cellular debris, fibrin, 
hemorrhage and edema. Endothelial hyper-
trophy is prominent and there is diffuse con-
gestion. Rare intravascular fibrin thrombi are 
present. The myofibers of the myometrium 
immediately subjacent to the endometrium 
exhibit multifocal, single cell necrosis and 
multifocally throughout the myometrium 
there is increased vacuolation of the myofi-
bers. The myometrial interstitium is modera-
tely expanded by fibrous connective tissue 
and an inflammatory infiltrate composed lar-
gely of lymphocytes and plasma cells with 
few neutrophils surrounds the vasculature. 
Foci of trophoblastic  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
transformation are present multifocally in the 
myometrium. The serosa is expanded by de-
generate neutrophils, macrophages, fibrin, 
hemorrhage and karyorrhectic cellular debris. 
A mixed bacterial population is present 
within the endometrium and the serosa.  
 
Contributor’s Morphologic Diagnosis:  
Uterus: Endometritis, necrotizing, fibrinous, 
exudative, neutrophilic, histiocytic, 
lymphocytic, chronic-active, diffuse, severe 
with serositis, rhesus macaque, Macaca mula-
tta, nonhuman primate.  
Myometrium: Vacuolation, myofibers, gene-
rally midsection of the uterus, multifocally 
extensive, moderate with mild perivascular 
lymphocytic and plasmacytic infiltrates and 
moderate interstitial fibrosis.  
Oviduct (tissue not submitted): Mesosalpin-
gitis, necrotizing, fibrinous, exudative, neu-
trophilic, histiocytic, lymphocytic, chronic-
active, multifocal, moderate.  
 
Contributor’s Comment:  
Placental retention, an obstetrical complica-
tion may occur with uterine atony or with the 
placenta accreta spectrum characterized by 
abnormal adherence of the placenta to the 
placental bed of the uterus.11 Both entities re-
sult in impaired separation and thus release of 
the placenta. Cervical closure prior to the ex-
pulsion of the placenta also results in retained  
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placenta.11 Clinically, the cervix was open in 
this case. Placenta accreta, increta or percreta 
may lead to uterine rupture and were not ob-
served on microscopic examination of the 
submitted tissues. There was no history of 
uterine trauma or cesarean section that would 
increase the risk of uterine rupture. In addi-
tion to the chronic-active inflammation, this 
macaque also had moderate interstitial fibro-
sis in the myometrium and vacuolation of 
myofibers which may have hampered effec-
tive contractions in expelling the infant and 
placenta. A retained placenta and uterine rup-
ture with resulting hemorrhage would ac-
count for the laboratory findings of a normo-
cytic, normochromic anemia and hypopro-
teinemia and hypoalbuminemia noted 12 
days after clinical presentation. The inflam-
mation present in the uterus and abdominal 
cavity most likely contributed to the de-
pressed albumin levels as albumin is a nega-
tive acute phase reactant and also accounted 
for the remarkable degenerative left shift of 
41% in the leukogram at presentation. The  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

pathogenesis in this case of placental reten-
tion, endometritis and multiple uterine rup-
tures followed by peritonitis was considered 
to be a prolonged, difficult labor involving a 
large infant, consequent placental retention 
due to inadequate myometrial contractions 
and a subsequent, ascending infection 
through the vagina and open cervix.6 

Retained placenta is not an uncommon find-
ing in the breeding colony of rhesus ma-
caques at the Oregon National Primate Re-
search Center. A brief review of the scientific 
literature revealed a relatively low number of 
documented cases in nonhuman primates in-
cluding baboons (Papio spp.),1 cynomolgus 
macaques (Macaca fascicularis),1,10 rhesus 
macaques (Macaca mulatta),1 pigtailed ma-
caques (Macaca nemestrina),12,13 a bonobo 
(Pan paniscus),7 a golden lion tamarin (Leon-
topithecus rosalia)4 and a chimpanzee (Pan 
troglodytes).5 Retained placentas in humans 
range from 1 – 3% of vaginal deliveries.11 

 

Figure 4-3. Uterus, rhesus macaque.   The luminal surface contains decidua infiltrated by large num-
bers of neutrophils.  Spiral arteries may be seen in the deep part of the decidua (arrow). (HE, 5X) 
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Contributing Institution: 
Pathology Services Unit 
Division of Animal Resources and Research 
Support 
Oregon National Primate Research Center 
505 NW 185th Avenue 
Beaverton, OR 97006 
https://www.ohsu.edu/onprc 
 
JPC Diagnosis: 
Uterus: Endometritis, necrohemorrhagic and 
suppurative, diffuse, marked with endometrial 
decidual change, multifocal myometrial de-
generation necrosis, and fibrinosuppurative 
serositis.  
 
JPC Comment:   
The final case of this conference provided a 
challenge as tissue identification was not im-
mediately obvious, though the large amount 
of irregularly arranged smooth muscle was a 
helpful feature for recognizing the uterus.  

Likewise, participants were not aware of the 
history of this animal before conference, and  

 

 

 

 

 

 

 

 

 

 

 

 

 

considered whether the presence of small-cal-
iber blood vessels and loose endometrial 
stroma could be evidence of granulation tis-
sue secondary to endometritis. In fact, this 
was actually retained decidua, representing a 
transient but important part of the maternal 
uterine connection to the developing fetus 
and placenta. Similar to granulation tissue, 
the decidua is modified endometrium com-
posed of large stromal cells and new blood 
vessels.6 The decidua is formed as part of the 
menstrual cycle and persists with the estab-
lishment of pregnancy. Following parturition, 
the decidua is shed with the placenta, typi-
cally within 24 hours.6 In normal uterine in-
volution, this is represented histologically as 
regional foci of hemorrhage, inflammatory 
cells, and necrosis. In this animal however, 
the placenta was not immediately shed and 
the degree of inflammation and hemorrhage 
within the endometrium is entirely in excess. 
Some participants also noted endometrial spi-
ral arteries in long section which should have 
also regressed post-partum as another indica-
tion of placental retention in this case. Partic 

Figure 4-4.  Uterus, rhesus macaque.  There is scattered degeneration of smooth muscle within the 
uterine wall.  (HE, 259X) 
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Figure 4-5.  Uterus, rhesus macaque.  Alt-
hough the rent in the uterine wall is not evi-
dent in the submitted section, there is a fi-
brinosuppurative exudate expanding the mu-
cosa, and hemorrhagic granulation tissue 
within the deepest layer of the myometrium 
above.   (HE,  127X)  

 

ipants did not feel confident that they recog-
nized trophoblasts or syncytial trophoblasts 
amid the large amount of necrotic debris or 
embedded deeper within the uterine wall, 
however. 

The degree of uterine myometrial degenera-
tion and fibrosis may represent the cause of 
uterine rupture in this case. The history of 
difficult delivery in this animal may be corre-
lated to decreased contractility and ability to 
expel a large fetus, with the resulting increase 
in uterine pressure from labor stretching this 
tissue even further and weakening it. Confer-
ence participants surmised that seven previ-
ous deliveries may have contributed to these 
myometrial changes, but that the retained pla-
centa per se was not the initiating cause. The 
changes in this case were probably consistent 
with a placental accreta which is defined by 
an abnormally strong connection to the endo-
metrium by trophoblasts. In contrast, placen-
tal increta represent invasion of trophoblasts 
into the myometrium with placental percreta 
extending through the uterus entirely and at-
taching to other viscera such as the urinary 
bladder. 

Finally, this conference concluded with a dis-
cussion of resources for considering placental 
pathology given the large variation between 

species and even among non-human pri-
mates. We have listed these in the refer-
ences2,3,8 as a courtesy for our readers. 
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CASE I:   
 
Signalment:  
Mature ewe, Ovis aries, ovine. 
 
History: 
The cadaver and viscera of a mature ewe un-
derwent routine meat inspection by an abattoir 
veterinarian who noted an emaciated cadaver, 
abnormal kidneys and liver. The liver was do-
nated to the Department of Veterinary Medi-
cine, University of Cambridge, for veterinary 
public health teaching and was passed to the 
anatomic pathology service for further inves-
tigation. 
 
Gross Pathology:  
The liver is expanded by multifocal to coalesc-
ing, well-demarcated, cream nodules that are 
unencapsulated and infiltrative. The nodules 
are up to 25 mm diameter. 
 
Microscopic Description:  
Liver: Apparent sub-grossly within the he-
patic parenchyma forming multifocal to coa-
lescing nodular masses is an unencapsulated 
moderately densely cellular neoplasm that is 
infiltrative, with small neoplastic nodules in-
filtrating the surrounding hepatic paren-
chyma. The neoplastic cells are arranged in 
sheets supported by a moderately fine colla-
genous stroma with blood vessels. The neo-
plastic cells are polygonal and moderately 
sized, with clearly demarcated cellular 
boundaries and a moderate amount of cyto-
plasm that is clear, or exhibits either globular  

 
Figure 1-1. Liver, sheep.  The liver is ex-
panded by multifocal to coalescing, well-de-
marcated, cream nodules that are unencap-
sulated and infiltrative. (Photo courtesy of: 
The Queen's Veterinary School Hospital, Uni-
versity of Cambridge. 
https://www.vet.cam.ac.uk) 

 

eosinophilic deposits, or fine fibrillar eosino-
philic strands, that are PAS-positive. The nu-
clei are round and generally centrally placed 
within the cells, with lightly stippled chroma-
tin and frequently a single prominent baso-
philic nucleolus. There is one mitosis per ten 
high power fields (per 2.37 mm2). There is a 
moderate degree of anisocytosis and aniso-
karyosis. There are small foci of necrosis and 
haemorrhage, comprising less than 5% of the 
total area of neoplasm in the section exam-
ined, and scattered rare neoplastic cells ex-
hibit apoptosis, characterised by shrunken 
brightly eosinophilic cytoplasm and nuclear 
pyknosis. 

The hepatic parenchyma immediately adja-
cent to the neoplastic nodules is multifocally  
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Figure 1-2. Liver, sheep.  A multinodular neo-
plasm is present within the submitted section 
of liver.  (HE, 4X) 

 

compressed. Small numbers of lymphocytes 
and rarer plasma cells are present multifo-
cally within portal areas, and portal areas also 
exhibit mild fibrosis multifocally. Deposits of 
clumped golden-brown granular pigment 
(haemosiderin) are present multifocally in he-
patic Kupffer cells. 

Bile duct epithelium exhibits strong positive 
cytoplasmic immunohistochemical reactivity 
to cytokeratin 19 (positive internal control 
tissue). The neoplastic cells do not exhibit 
positive staining with cytokeratin 19. 

 
Contributor’s Morphologic Diagnosis:  
Liver: Hepatocellular carcinoma, clear cell 
variant. 
 
Contributor’s Comment: 
In this case, a diagnosis of the clear cell vari-
ant of hepatocellular carcinoma was made on 
the basis of the histologic cellular arrange-
ment and morphology. The diagnosis was 
supported by the macroscopic appearance of 
the lesion as unencapsulated and infiltrative 
nodular masses. 

Hepatocellular carcinomas have a widely var-
iable histologic appearance due to different 
cellular arrangements, likely reflecting the 

degree of differentiation of the neoplastic 
hepatocytes.6 Four major histologic variants 
are described, namely trabecular, pseudo-
glandular, scirrhous, and solid. As the name 
suggests, in trabecular hepatocellular carcino-
mas, the predominant cellular arrangement 
has a resemblance to normal hepatic trabecu-
lae, although the plates of cells may vary 
considerably in width, with trabeculae fre-
quently composed of 5-10 cells thickness of 
neoplastic hepatocytes. In other foci the tra-
beculae may be quite thin, and this level of 
variability is a feature that may be helpful in 
the distinction between well-differentiated 
trabecular hepatocellular carcinoma and 
hepatocellular adenoma. In the latter, the tra-
beculae would be anticipated to be of uni-
form thickness.6 In neoplasms exhibiting the 
pseudoglandular pattern, the neoplastic 
hepatocytes form rudimentary acini, whereas 
in the scirrhous form there is dense connec-
tive tissue, and aggregates of neoplastic 
hepatocytes are infiltrated by ductular epithe-
lium.6 As the name suggests, solid hepatocel-
lular carcinomas are formed by solid sheets 
of neoplastic hepatocytes. In some variants of 
this sub-type, the neoplastic hepatocytes ex-
hibit prominent cytoplasmic vacuolation and 
are described as clear cell hepatocellular car-
cinomas, as in this case.6  

Clear cell hepatocellular carcinomas, or 
hepatocellular carcinomas that exhibit a par-
tial clear cell pattern, have been described in 
a number of species including dogs,14 captive 
fennec foxes,13 and sheep.1 It has previously 
been suggested that the clear cell pattern may 
be associated with cytoplasmic PAS-positiv-
ity and glycogen deposition1 and PAS-posi-
tive cytoplasmic deposits are observed in the 
case described here.  

In cases of hepatocellular carcinoma requir-
ing immunohistochemical diagnostic confir-
mation, Hep Par-1 can be used to positively 
identify normal and neoplastic hepato-
cytes.6,16 In human medicine, arginase-1 has 
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been suggested to be a more sensitive and 
specific marker of hepatocellular differentia-
tion than Hep Par-1 and immunohistochemi-
cal staining with arginase-1 may therefore 
also be of diagnostic utility in veterinary pa-
thology.4 Normal and neoplastic biliary epi-
thelial cells express cytokeratin 7 and 19, and 
epithelial membrane antigen. These immuno-
histochemical staining characteristics can be 
utilised to distinguish hepatocellular carci-
noma from cholangiocellular neoplasms in 
many cases although some poorly differenti-
ated canine hepatocellular carcinomas may 
downregulate Hep Par-1 expression and ex-
hibit some cytokeratin 19 immunoreactivity.6 
In our case, cytokeratin 19 was utilised for 
additional educational confirmation that the 
neoplastic cells were not of biliary origin.  

Fallen stock collection centres, abattoirs and 
meat packing plants all provide the oppor-
tunity to study the prevalence of neoplasms 
arising in sheep.1,2,12 Hepatocellular carcino-
mas appear to be more frequent than cholan-
giocellular neoplasms and occur in lambs as 
well as adult animals.1,2 Extramedullary 
haematopoiesis has been described as a fea-
ture of hepatic tumors in lambs aged less than 
six months.1,2 Although considered to be rare 
in domestic species, hepatoblastomas, be-
lieved to arise from hepatic stem/progenitor 
cells, have also been described in lambs.5,6 
As in other species, the ovine liver is also a 
site for tumor metastases, lymphoma, and 
mast cell neoplasms.8,10,11  

Metastasis has previously been reported in 
cases of ovine hepatocellular carcinoma.1 
Due to the nature of the abattoir case material 
described here, a full post mortem examina-
tion was not conducted and the presence or 
absence of metastatic spread to the draining 
lymph nodes or other viscera could not be de-
termined. The renal lesions were not exam-
ined microscopically but the kidneys did not 
display macroscopic evidence of neoplastic 
infiltration. 

 
Figure 1-3. Liver sheep. Neoplastic hepato-
cytes have lost normal sinusoidal architecture 
and are arranged in sheets.  (HE, 44X) 

 
Contributing Institution:  
Department of Veterinary Medicine, The 
Queen's Veterinary School Hospital, Univer-
sity of Cambridge. 

Cambridge CB3 0ES, UK. 

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

 
JPC Diagnosis: 
Liver: Hepatocellular carcinoma, clear cell 
variant  
 
JPC Comment:   
This week’s moderator was Dr. Rebecca 
Smedley of Michigan State University who 
led participants through a neoplasia-centric 
conference. This first case was recently pub-
lished in the Journal of Comparative Pathol-
ogy9 and we were glad to explore it further.  

From subgross, the contrast between neo-
plastic hepatocytes laden with glycogen (con-
firmed via PAS) and normal hepatocytes is 
stark. Several conference participants also 
noted hyaline inclusions within the cytoplasm 
of clear cell hepatocytes that were reminis-
cent of Mallory bodies.3,7 Mallory bodies 
(syn. Mallory-Denk Bodies) have been previ-
ously noted within hepatocytes of humans 
(and in some lab animal models) and are 
composed of a mix of misfolded proteins 
such as keratins 8 and 18, ubiquitin, and heat 
shock proteins.3,7 Associated conditions in-
clude alcohol-related steatohepatitis (fatty  
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Figure 1-4. Liver sheep. High magnification of 
neoplastic hepatocytes with cleared eosino-
philic cytoplasm. (HE, 627X) 

 

liver disease), copper hepatopathy, and he-
patic neoplasms. In human cases of hepato-
cellular carcinoma, Mallory-Denk bodies are 
noted in 20-30% of cases, though these 
should be distinguished from hyaline bodies 
which are histologically similar, but lack ker-
atin.7 IHC for P62 and other protein constitu-
ents (keratin) can aid in determination. Both 
elements represent hepatocellular dysfunction 
and aberrant protein folding.  

Given the age (and of course, species)  of this 
animal, we performed a reticulin and copper 
(rhodanine) stain, which were both negative.  
Copper-associated hepatopathy may be an in-
citing cause of HCC in the dog.  Addition-
ally, we tried a CK19 and CK7 to character-
ize hepatocyte and biliary changes as poorly 
differentiated neoplastic hepatocytes may 
gain CK19 expression and lose CK7 expres-
sion (and may be portend a worsened progno-
sis), but the stains did not show abnormalities 
along these lines.  .  

Finally, Dr. Smedley discussed the potential 
utility of glypican-3 with the group. As 
Glypican-3 labels neoplastic hepatocytes but 
not normal or hyperplastic foci,15 it would be 
an invaluable tool in sorting through edge 
cases where suspect neoplasms also contain 
rare portal tracts which are typically a distin-
guishing feature of hepatic hyperplasia. In 
conjunction with P-glycoprotein or arginase-
1 where expression is decreased in neoplastic 
cells compared with normal hepatocytes, 

glypican-3 may prove a useful diagnostic 
tool.  
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CASE II:  
 
Signalment:  
11 year old, male, Australian shepherd dog, 
Canis lupus familiaris 

 
History:  
The dog’s owner noted asymmetry of the tes-
tes with enlargement of the left testis within a 
short period of time. After clinical examina-
tion, neoplasia of one testis was suspected, and 
the left testis was removed, and submitted for 
histopathologic examination. Signs of hormo-
nal imbalance or feminization as well as other 
clinical symptoms were not observed. 
 
Gross Pathology:  
Testis with epididymis (5 x 4 x 3.5 cm) and 
funiculus spermaticus, testis consisting of ap-
proximately 90% neoplastic tissue with a 
small margin of normal tissue, centrally  

 
Figure 2-1. Testis, dog. One section of a testis 
with multiple neoplasms is submitted for ex-
amination.  (HE, 5X). 

 
cystic, multiple confluent whitish and yellow-
ish-brown nodules. 
 
Microscopic Description: 
Testis: Infiltrating and compressing the tes-
ticular parenchyma and extending to one cut 
edge is a 2 x 1.5 cm large neoplastic prolifer-
ation composed of different cells and compo-
nents. The first cell population consists of po-
lygonal cells with often distinct cell borders, 
a moderate amount of eosinophilic, granular, 
or vacuolated cytoplasm (ranging from finely 
vacuolated to large vacuoles with compres-
sion of cytoplasm), and a round nucleus with 
finely stippled chromatin and an often promi-
nent magenta nucleolus (interstitial cells). 
There is moderate anisocytosis and anisokar-
yosis. The mitotic rate is less than 1 per 2.37 
mm2 (10 HPF). These cells form both a 0.5 x 
0.3 cm, compact, densely cellular, well-de-
marcated, partly encapsulated nodule com-
posed of densely packed cords and nest of 
cells in a fine fibrovascular stroma and a 2 x 
1.5 cm moderately cellular, well-demarcated, 
encapsulated nodule composed of packets 
and nests of cells with large vacuoles and a 
central clear space. The second cell popula-
tion consists of large round cells with distinct 
cell borders, often a large amount of eosino-
philic granular cytoplasm, and large, round, 
vesicular nuclei with coarse chromatin and 1-
2 prominent, magenta nucleoli (germ cells).  
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There is moderate anisocytosis and ani-
oskaryosis with frequent multinucleated cells, 
occasionally forming giant cells with up to 8 
nuclei. Some macronuclei are visible. The 
mitotic rate averages 1-3 mitoses per 0.237 
mm2 (1 HPF). These cells are either infiltrate 
the lumina of the seminiferous tubules, re-
placing Sertoli and spermatogenic cells, or 
are intermingled with the third cell popula-
tion within a 1.5 x 1 cm, moderately cellular, 
well-demarcated, partly encapsulated, partly 
infiltrative nodule composed of large nests, 
packets, and tubules of neoplastic cells, sepa-
rated and surrounded by bands of fibrous 
connective tissue. The cells of the second 
population can sometimes be found within 
thin walled vessels (vascular invasion). The 
third population of neoplastic cells is polygo-
nal to columnar with indistinct cell borders , 
a moderate amount of eosinophilic granular 
cytoplasm and an oval nucleus with coarsely 
stippled chromatin and a magenta nucleolus. 
Palisading of the cells perpendicular to the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

basement membrane of the seminiferous tu-
bules is frequently noted. The population ex-
hibits mild to moderate anisocytosis and an-
isokaryosis. The number of mitoses is less 
than 1 per 2.37 mm2 (10 HPF). Interspersed 
within the neoplastic cells are few lympho-
cytes and plasma cells as well as aggregates 
of hemosiderin-laden macrophages.  

A few seminiferous tubules show remnants 
of spermatogenesis. Epididymis and Ductus 
deferens contains single macrophages and no 
spermatids.  

 
Contributor’s Morphologic Diagnosis: 
Testis:  

1. Interstitial cell tumor in two localizations 
2. Seminoma, intratubular multiple and dif-

fuse 
3. Mixed germ cell sex-cord stromal tumor 

(seminoma and Sertoli cell tumor) 
4. Atrophy of residual seminiferous tubules 

 

 

Figure 2-2.  Testis, dog.  An intratubular neoplasm is present with a mixture of columnar and polyg-
onal cells. (HE, 107X) 
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Contributor’s Comment:  

In intact older male dogs, testicular tumors 
are one of the most common tumors. The 
cause for that is unknown. Seminoma, Sertoli 
cell tumors and Leydig cell tumors are found 
regularly.1-3 Less common are mixed germ 
cell sex-cord stromal tumors of the testis,5 
embryonal carcinoma, or teratomas. Adeno-
mas or adenocarcinomas of the rete testis are 
very rare. Secondary testicular tumors (me-
tastases) are extremely rare.  

In dogs, cryptorchism is an important predis-
posing factor for primary testicular tumors. 
Several types of neoplasms can be found in 
one testis,1,2 so careful examination and lam-
ellation of the testes is obligatory in prepara-
tion for histopathology.  

The biologic behavior of testicular neoplasms 
in dogs is often benign, and metastases are 
rare, with a higher risk in seminomas and 
Sertoli cell tumors.3 Leydig cell tumors are 
considered benign in dogs. Recently,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

however, two dogs with metastatic Leydig 
cell tumors have been described. Both cases 
were found to have a high mitotic count and 
high Ki-67 index.4 Unfortunately, there are 
no other obvious cytologic or histopathologic 
signs of malignancy in testicular neoplasms 
in dogs. In malignant cases, distant metasta-
ses may be suspected in regional lymph 
nodes or along the spermatic cord.1,2 

In the case presented, all three cell types of 
the common tumor types of canine testicular 
neoplasms are found, and the examiner must 
describe the characteristics of the tumor cells 
and the additional findings in the remaining 
non-neoplastic tissue. Testicular neoplasms 
in general and this case in particular are thus 
very good practice cases for veterinary pa-
thology residents. 

 
 

 

Figure 2-3. Testis, dog.  Columnar cells palisade along the basement membrane, while polygonal 
cells fill the lumen.  Nuclear and cytoplasmic features are similar in both populations.      (HE, 
288X) 
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Contributing Institution:  
Institut fuer Veterinaer-Pathologie, Justus-
Liebig-Universitaet Giessen 

Frankfurter Str. 96, 35392 Giessen, Germany 

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

 
JPC Diagnosis: 

1. Testis: Mixed germ cell sex-cord stromal 
tumor 

2. Testis, seminiferous tubules: Atrophy, 
diffuse, moderate, with aspermatogenesis 

JPC Comment:  

Case 2 presents an interesting diagnostic 
challenge in that there are 4 potential separate 
neoplasms in this neoplasm.  Our morpho-
logic diagnoses differed from that of the con-
tributor only academically, in that we were 
unable to fully resolve what was an individ-
ual neoplasm versus a component of the 
larger mixed germ cell sex-cord stromal  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

tumor. Herein.  we simply covered all tumor 
entities under a single banner of mixed germ 
cell sex-cord stromal tumor.  In addition, and 
with less spirited discussion, conference par-
ticipants described degenerative changes to 
the remaining seminiferous tubules, degener-
ation of spermatids, and lack of sperm within 
the epididymis as we.. . 

We performed a full workup for this case in 
conjunction with Dr. Smedley. Within this 
section of testis, there were 3 separate, dis-
tinct morphologies that participants de-
scribed. Foremost, there was a seminoma-dis-
tinct portion that had intratubular round to 
polygonal cells with radiating chromatin and 
occasional multinucleation. Second, there 
was an interstitial (Leydig) cell-distinct por-
tion that was unencapsulated with markedly 
eosinophilic polygonal cells with vacuolated 
cytoplasm. Finally, there was an encapsu-
lated, expansile portion that had polygonal 
cells forming fibrous trabeculae  

Figure 2-4.  Testis, dog.  Multinucleated forms are present in both the columnar and polygonal pop-
ulations.  (HE, 286) 
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with palisading that represented an overlap of 
mrophologies of both Sertoli (sustentacular 
cells) and seminoma. 

Conference participants discussed the no-
menclature for this case carefully. Semi-
nomas are a testicular germ cell tumor. Con-
versely, sex-cord stromal tumors represent 
neoplasms that exhibit features of either (or 
both) Sertoli cells and Leydig cells. In cases 
where seminoma (germ cell) and one or more 
stromal tumor features are overlapping, a di-
agnosis of mixed germ cell sex-cord stromal 
tumor is fitting. In some cases, it may be ap-
propriate to diagnosis multiple discrete tu-
mors within one testis when they are clearly 
distinct. Conference participants opined that 
the interstitial cell tumor-distinct population 
was smaller, separated by normal seminifer-
ous tubules, and was morphologically the 
most distinct. It is possible that this was a 
separate tumor that arose earlier that was 
overshadowed by the emergence of the rap-
idly growing mixed tumor the contributor de-
scribes clinically. 

Dr. Smedley emphasized that HE diagnoses 
alone could be misleading for approximately 
20% of canine testicular tumors and that IHC 
was helpful for resolving exact cell type. We 
performed IHCs for CD117 (C-kit), desmin,  

 

 
Figure 2-5. Testis, dog.  Regionally, neoplastic 
cells often contain large intracytoplasmic lipid 
vacuoles.    (HE, 381X)   
 

 

 
Figure 2-6.  Testis dog.  A conventional semi-
noma is present in this section. (HE, 580X) 

 

vimentin, inhibin, LH, Melan-A, and NSE to 
characterize these neoplasms. Desmin out-
lined individual seminiferous tubules nicely 
while interstitial cell tumors were strongly 
and diffusely reactive for inhibin. GATA-4 is 
a transcription factor expressed in sex-cord 
cells, but not germ cells.6 Dr. Smedley per-
formed this IHC in her laboratory  and noted 
moderate nuclear immunoreactivity within 
Sertoli cells and select Leydig cells. These 
patterns confirmed our H&E expectations of 
this case. 
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Figure 2-7.  Testis, dog.  A conventional inter-
stitial cell tumor is present in this section as 
well.  (HE, 363X) 
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CASE III:  

Signalment:       
12-year-old, intact female, dog (Canis lupus 
familiaris) 

 
History:  
The dog was submitted to a local veterinary 
clinic for computed tomography examination. 
Imaging revealed a tumor of the right adrenal 
gland measuring 2.5 x 2 cm adjacent to the 
caudal caval vein. There was no evidence for 
an intracaval infiltration or a thrombosis of the 
caval vein but infiltration of the phrenicoab-
dominal vein was detected. Both ovaries 

showed multiple cysts. The pre-surgical blood 
work showed a mildly decreased amount of 
lymphocytes (0.82, range: 1.05 – 5.1 M/l). 
Low-dose dexamethasone suppression test re-
vealed inadequately suppressed cortisol secre-
tion with plasma cortisol concentrations of 3.5 
µg/dl after three hours, and 3.7 µg/dl after 8 
hours of dexamethasone administration, re-
spectively. During surgery, the right adrenal 
gland including the phrenicoabdominal vein 
and both ovaries were removed and submitted 
for histological examination.  

 

Laboratory Results: 
The adrenal sample was immunostained us-
ing the ABC method with commercially 
available antibodies specific for chro-
mogranin A, synaptophysin and Melan A. 
The larger of the two proliferations stained 
positive for Melan A, the smaller one stained 
positive for chromogranin A and synaptophy-
sin. The intravascularly detected cellular ag-
gregate also stained positive for Melan A.  

 

 
Figure 3-1. Adrenal gland, dog.  Two discrete 
neoplasms are present within the adrenal 
gland. (Photo courtesy of: University of Veter-
inary Medicine, Hannover , http://www.tiho-
hannover.de/kliniken-institute/institute/in-
stitut-fuer-pathologie/) 
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Figure 3-2. Adrenal gland, dog.  Both nodules 
are clearly circumscribed, expansile and sepa-
rated from each other by normal adrenal tis-
sue (HE, 4X) (Photo courtesy of: University of 
Veterinary Medicine, Hannover , 
http://www.tiho-hannover.de/kliniken-insti-
tute/institute/institut-fuer-pathologie/) 

 

Microscopic Description:  
Histologically, two separate neoplastic prolif-
erations are found in the adrenal gland. Both 
nodules are clearly circumscribed, expansile 
and separated from each other by normal ad-
renal tissue (Fig. 2). The larger, more corti-
cally located proliferation measures approxi-
mately 1.4 cm in diameter. The nodular, 
moderately cell-rich, incompletely encapsu-
lated, focally infiltrative mass is character-
ized by a predominantly solid growth pattern 
consisting of trabeculae of variable width, 
partly separated by optically empty or blood-
filled spaces (dilated sinusoids). Polygonal, 
neoplastic cells measure approximately 15 
µm in diameter (Fig. 3). The cells show dis-
tinct cellular borders and contain a moderate 
amount of a homogenous eosinophilic, partly 
highly vacuolated cytoplasm. The centrally 
located round nucleus displays a moderate 
amount of heterochromatin and one baso-
philic nucleolus. There is mild anisocytosis 
and -karyosis. Mitotic figures are not evident. 
The cells are accompanied by a scant fibro-
vascular stroma. Focally, a large aggregate of 
these tumor cells is present in a blood vessel 
(angiosis carcinomatosa) (Fig. 4).  

The smaller nodule, located within the medul-
lary area of adrenal gland measures approxi-
mately 0.5 cm in diameter. The well demar-
cated encapsulated neoplastic mass shows 
predominantly expansile growth of small po-
lygonal cells measuring approximately 10-12 
µm in diameter. Cells are arranged in small 
lobules and packages separated by thin, fi-
brous septa (neuroendocrine packaging; Fig. 
5). Neoplastic cells are characterized by dis-
tinct cell borders, a moderate amount of fine 
granular, brightly eosinophilic cytoplasm, and 
a slightly eccentrically located, round, moder-
ately heterochromatin-rich nucleus with up to 
one distinct nucleolus. There is a moderate an-
isocytosis and –karyosis. Multifocally, cells 
measuring up to 30 µm in size with karyomeg-
aly are present. Up to 2 mitotic figures are 
found per high power field (400x).  

 

 
Figure 3-3. Adrenal gland, dog.  The larger 
cortical nodule is composed of trabeculae of 
heavily vacuolated polygonal adrenocortical 
cells. (HE, 200X)  (Photo courtesy of: Univer-
sity of Veterinary Medicine, Hannover , 
http://www.tiho-hannover.de/kliniken-insti-
tute/institute/institut-fuer-pathologie/) 
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Figure 3-4. Adrenal gland, dog.  A cluster of 
neoplastic cells from the larger nodules is 
present within a vessel.  (HE, 400X)  (Photo 
courtesy of: University of Veterinary Medi-
cine, Hannover , http://www.tiho-hanno-
ver.de/kliniken-institute/institute/institut-
fuer-pathologie/) 

 

Contributor’s Morphologic Diagnosis:  

Adrenal gland: adrenocortical carcinoma with 
angiosis carcinomatosa and pheochromocy-
toma, canine.  

 
Contributor’s Comment:  
The submitted  case represents an unusual 
double lesion of the adrenal gland consisting 
of concurrent emergence of an adrenocortical 
carcinoma and a pheochromocytoma. Inter-
estingly, when the dog was first presented to 
the clinicians, the animal did not show any 
obvious clinical signs of an altered adrenal 
function indicating a functional cortical or 
medullary neoplasia (excessive cortisol 
and/or catecholamine secretion). 

Adrenocortical carcinomas occur in cattle, 
cats and elderly dogs and are also infre-
quently described in other species.12,13 They 
tend to be larger than adenomas and bilateral 
occurrence is observed more fre-
quently.10,12,13 Affecting the zona fasciculata 
as well as the zona reticularis,2 they often ex-
hibit an infiltrative growth pattern into the 
adjacent tissue including the caudal caval 

vein, where large tumor-cell aggregations can 
form.5,12,13  

Adrenocortical tumors can be found in 10-
20% of dogs with Cushing syndrome,6 and 
severe atrophy of the contralateral adrenal 
gland occurs in functional neoplasms due to a 
negative endocrine feedback loop.12,13 It is 
estimated that most of the occurring adreno-
cortical tumors in dogs (up to 80%) are adre-
nocortical carcinomas.4 Common sites for 
metastases are liver and lung.12,13 The func-
tional variants (endocrinologically active) of 
adrenocortical tumors usually secrete a mas-
sive amount of cortisol causing hyperadreno-
corticism.2,6,11 Clinical signs associated with 
functional adrenocortical tumors are polydip-
sia and polyuria, pendulous abdomen, poly-
phagia, muscle weakness, hypokalemia, hy-
pertension, atrophic dermatosis with thin skin 
and hair loss as well as bilateral, symmetrical 
hypotrichosis or alopecia, hyperpigmentation 
scaling, comedones, and calcinosis cu-
tis.4,9,10,11,14 

Neoplastic cells of adrenocortical tumors typ-
ically show a specific immunoreactivity with 
antibodies targeting Melan-A, α-inhibin, vi-
mentin, neuron specific enolase. Expression 
of synaptophysin may be variable.5,12,13 The 
larger proliferation in the presented case as 
well as the intravascularly located neoplastic 
cells stained immunopositive for Melan-A 
which proves the presence of an adrenal cor-
tical carcinoma. 

Pheochromocytomas represent the most com-
mon tumor of the adrenal medulla and mostly 
occur in older dogs with no gender or breed 
predisposition. They can also be found in cat-
tle and horses,12,13 and are described in hu-
mans too.1,3,8 They represent catecholamine-
secreting tumors of the neuroectoderm-de-
rived, chromaffin cells of the adrenal medulla 
or sympathetic ganglia, also termed sympa-
thetic paragangliomas. They are composed of 
epinephrine-secreting  
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Figure 3-5.  Adrenal gland, dog.  There is nu-
clear gigantism (arrows) and occasional mi-
toses within the second, smaller, medullary 
neoplasm. (HE, 400X)  (Photo courtesy of: 
University of Veterinary Medicine, Hannover 
, http://www.tiho-hannover.de/kliniken-in-
stitute/institute/institut-fuer-pathologie/) 

 

cells, norepinephrine-secreting cells or both 
and occur mostly unilaterally and vary 
greatly in size.1,3,7,12,15 These tumors often go 
along with clinical signs such as tachycardia, 
edema, panting, cardiac hypertrophy, hyper-
tension, anorexia, lethargy, ascites, polyuria 
and polydipsia as well as diarrhea and vomit-
ing resulting from excessive secretion of cat-
echolamine.3,7,12,13,15 In severe cases, the term 
‘pheochromocytoma crisis’ is used to de-
scribe a serious complication characterized 
by obtundation, shock, disseminated intravas-
cular coagulation, seizures, rhabdomyolysis 
and acute renal failure.1 Malignancy of these 
tumors is assumed when invasion of the ad-
renal capsule and/or the caudal vena cava and 
the aorta or the surrounding tissue with po-
tential metastases in distant organs is pre-
sent.1,5,12,13,15 Common sites for metastasis are 
adjacent lymph nodes, kidney, liver, spleen, 
lung and bone.1,3,15 The pheochromocytoma 
of the presented case does not clearly show 
capsular invasion and/or an infiltrative 
growth pattern. However, especially the in-
creased mitotic rate as well as the marked 

amount of pleomorphic cells can be inter-
preted as indications of a possible precancer-
ous transformation. 

During necropsy, a pheochromocytoma may 
present itself as a large mass occupying the 
entire adrenal gland, which is partly sur-
rounded by a thin, compressed rim of adrenal 
cortex, sometimes forming small nodules.15 
Small pheochromocytomas remain confined 
to the adrenal medulla and are well encapsu-
lated. The tissue shows light brown to yel-
low-red coloring emerging from hemorrhage 
and necrosis. 

Immunohistological expression of chro-
mogranin A and synaptophysin can be used 
to confirm the diagnosis.1,5,12,13 In this case, 
the neoplasm stained immunopositive for 
chromogranin A and synaptophysin which 
confirms a pheochromocytoma in this case.  

 
Contributing Institution:  
Department of Pathology, University of Vet-
erinary Medicine, Hannover, Buenteweg 17, 
30559 Hannover, Germany. 

http://www.tiho-hannover.de/kliniken-insti-
tute/institute/institut-fuer-pathologie/ 

 

JPC Diagnosis: 

1. Adrenal gland, cortex: Adrenocortical ad-
enoma  

2. Adrenal gland, medulla: Pheochromocy-
toma.  
 

JPC Comment:   
This third case is another ‘two-fer’ case that 
the contributor has skillfully presented.  

We agree with the contributor that the 
smaller neoplasm best represents a pheochro-
mocytoma, although we differed from the 
contributor on the malignancy of the larger 
adrenocortical neoplasm Conference partici-
pants were somewhat split, with the lack of  
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Figure 3-6. Adrenal gland, dog.  Immunostain-
ing of the two adrenal neoplasms and the in-
travascular cluster of neoplastic cells.  (Photo 
courtesy of: University of Veterinary Medi-
cine, Hannover , http://www.tiho-hanno-
ver.de/kliniken-institute/institute/institut-
fuer-pathologie/) 

 

nuclear atypia and well-demarcated nature of 
this neoplasm as helpful features supportive 
of an adenoma interpretation. Conference 
discussion also focused on whether lympho-
vascular invasion was present. We carefully 
reviewed the contributor’s supplied image 
and the accompanying feature of the case 
slide of a large cluster of adrenocortical cells 
within the lumen of a blood vessel. In line 
with Meuten et al,9 we felt that this was more 
likely to be pseudo-vascular invasion due to 
tissue sectioning and/or processing. 

We performed a number of IHCs for this case 
to support these diagnoses with one surprise. 
Chromogranin and synaptophysin are both 
neuroendocrine markers that label pheochro-
mocytomas, but are not specific per se as 
they do label other neuroendocrine and gan-
glion cell tumors. Dr Smedley graciously ran 
a met-enkephalin IHC at MSU for this case 
as both normal and neoplastic chromaffin 
cells of the adrenal medulla should react 
strongly. In this case, both chromogranin and 
synaptophysin were strongly and diffusely 

immunoreactive within this smaller neoplasm 
as well as highlighting the remnant portion of 
the adrenal medulla. Curiously, met-enkepha-
lin labeled the adrenal medulla, but not the 
neoplasm, an odd finding which was new to  
Dr. Smedley (we do not have this im-
munomarker available to us at the JPC).  . 
Although we report this neoplasm as being 
consistent with a pheochromocytoma, we 
cannot exclude the remote possibility of a 
metastasis of a neuroendocrine tumor to the 
adrenal gland. Curiously, the nuclear features 
of the pheochromocytooma displayed greater 
atypia and mitotic rate than is typical for phe-
ochromocytomas. 
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Figure 4-1.  Spleen, dog.    Two sections of 
spleen are submitted for examination, and 
both are effaced by a nodular neoplasm.  (HE, 
5X) 
 

 
CASE IV:  

Signalment:  
3-year-old female canine, Pit Bull mix  

 
History: 
Prior to an ovariohysterectomy, the patient 
was reported to have a 4-month history of un-
explained weight loss. Preoperative examina-
tion revealed a large intra-abdominal mass 
suspected to be associated with the spleen or 
liver and a subcutaneous perivulvar mass. An 
enlarged, cavitated spleen, a small mass 
noted on liver, and perivulvar subcutaneous 
mass were submitted for histopathology.   

 
Gross Pathology:  
Approximately 80% of splenic parenchyma 
was severely enlarged with multiple white to 
tan, irregular, soft coalescing nodules and ne-
crotic cavitated areas. The liver had a focal, 
less than 0.5cm in diameter, tan irregular 
nodule. The perivulvar subcutis mass was 
tubular, tan, and soft and approximately 4-
5cm in diameter.  

 
Laboratory Results: 
Cytology identified a spindloid neoplastic 
population with microvesiculated cytoplasm  
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in both the perivulvar subcutaneous mass and 
rare to occasionally in the splenic mass. 
These microvesiculated neoplastic cells were 
reminiscent of liposarcoma, but an epitheli-
oid neoplasm could not be excluded. 

 
Microscopic Description:  
Splenic mass: Splenic parenchyma is ex-
panded and replaced by multifocal to coa-
lescing, poorly demarcated nodules of a mod-
erately cellular neoplasm composed of pleo-
morphic cells arranged in nests and bundles 
separated by fine to moderate fibrovascular 
stroma. Neoplastic cells have indistinct cellu-
lar borders, moderate amounts of ampho-
philic cytoplasm that frequently contain vari-
ably sized clear discrete vacuoles (lipid), with 
one round to ovoid nuclei, with coarse chro-
matin and 1-3 discrete nucleoli. There is 
moderate anisocytosis and anisokaryosis with 
5 mitotic figures in 10 high power fields 
(2.37mm2). There are multifocal areas of ne-
crosis with fibrin and hemorrhage, multinu 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

cleated giant cells, macrophages with intra-
cytoplasmic dark brown pigment or yellow 
granular pigment (heme). Remaining spleen 
is congested with increased plasma cells.  

Hepatic mass, incisional biopsy. Replacing 
approximately 50% of section is an unencap-
sulated, moderately well demarcated, moder-
ately cellular neoplasm of similar neoplastic 
cells as described in spleen. Sometimes, there 
are intracytoplasmic pink globules within cy-
toplasm of neoplastic cells.  

Perivulvar subcutaneous mass: Mass is com-
posed of multiple coalescing nodules of pre-
viously described neoplastic cells in spleen 
separated by moderate amounts of mature 
collagen interrupted by macrophages laden 
with brown globular pigment (hemosiderin), 
lymphocytes, plasma cells, and mineral. 
There is electrocautery artifact along periph-
ery.  

 

Figure 4-2.  Spleen, dog.   The neoplasm is composed of sheets of vacuolated spindled to polygonal 
cells.  (HE, 259X) 
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Immunohistochemistry/Special Stains:  
Hepatic, perivular, and splenic masses are ex-
amined and have the same results as below. 

1. Cytokeratin: Neoplastic cells do not 
stain positively.  

2. Vimentin: Neoplastic cells have posi-
tive cytoplasmic staining.  

3. Melan-A: Neoplastic cells exhibit 
weak cytoplasmic staining which are 
occasionally stained strongly in cyto-
plasm. No membranous staining is 
seen in the neoplastic cells.  

4. PNL-2: Approximately 10% of neo-
plastic cells exhibit cytoplasmic, oc-
casionally membranous staining.  

5. CD18: Neoplastic cells do not stain 
positively.   

6. S-100: Neoplastic cells do not stain 
positively. 

7. Synaptophysin: Neoplastic cells do 
not stain positively. 

8. Chromogranin A: The cytoplasm of 
neoplastic cells diffusely are stained  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
weakly which are considered nega-
tive.  

9. Oil Red O: Neoplastic cells and vacu-
oles have positive intracytoplasmic 
staining.  

 
Contributor’s Morphologic Diagnosis:  
Spleen: liposarcoma with metastasis to periv-
ulvar subcutis and liver  

 
Contributor’s Comment:  
Liposarcoma is an uncommon mesenchymal 
tumor originating from lipoblasts and lipo-
cytes. More commonly, liposarcomas are a 
subtype of soft tissue sarcomas associated 
with the skin and subcutaneous tissues. Typi-
cally, locally invasive with low metastatic 
rates, liposarcomas in humans are classified 
by the World Health Organization into four 
histological subtypes: well differentiated 
liposarcoma/atypical lipomatous tumor, de-
differentiated liposarcoma, myxoid/round  

Figure 4-3. Spleen, dog. High magnification of neoplastic cells.  Neoplastic cells contain discrete cy-
toplasmic vacuoles which often coalesce into a single vacuole. (HE, 381X) 
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cell liposarcoma, and pleomorphic liposar-
coma.1 In domestic animals, there are three 
subtypes of liposarcomas: well-differentiated, 
pleomorphic, and myxoid.4 In well differenti-
ated liposarcomas, the majority of neoplastic 
cells have intracytoplasmic clear vacuoles.4 
Dedifferentiated liposarcomas arise in associ-
ation with well differentiated liposarcomas 
and can have morphologic overlap with pleo-
morphic liposarcomas that may be multinu-
cleated and irregular with a few to rare neo-
plastic cells containing intracytoplasmic lipid 
vacuoles. 4 Myxoid liposarcomas are distin-
guished by an abundant myxomatous matrix. 
4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Visceral liposarcomas associated with the 
spleen are a subtype of non-angiomatous 
non-lymphomatous mesenchymal neoplasm 
with higher metastatic potential.3 Non-angi-
omatous non-lymphomatous mesenchymal 
neoplasms constitute 23-34% of primary 
splenic neoplasms and include fibrosarcoma, 
leiomyosarcoma, undifferentiated sarcoma, 
and liposarcoma.2 A study analyzing the out-
come of 32 cases of splenic stromal sarcomas 
in dogs, identified that a mitotic count ex-
ceeding 9 mitoses per 10 high power fields 
(2.37mm2) to be a significant predictor of 
metastasis.2 While liver metastases have been 
reported with splenic liposarcoma, metastases  

Figure 4-4.  Spleen, dog.  Cytoplasmic vacuoles stain strongly positive for Oil Red O.(Oil red 0,  
400X) (Photo courtesy of:  Midwestern University, Glendale, AZ https://clinics.midwest-
ern.edu/animal-health-institute/diagnostic-pathology-center) 
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Figure 4-5.  Spleen, dog.  Neoplastic cells re-
gionally demonstrate strong cytoplasmic im-
munopositivity for Melan A.  (Melan A, 400X) 

 

to subcutis have not been reported.5  

In this case, given the similarity between ne-
oplastic cells in the liver, subcutis, spleen, 
and the significantly larger neoplastic mass 
within spleen, it is favored that the splenic 
liposarcoma metastasized to both the liver 
and subcutis. Alternatively, it is possible the 
subcutaneous liposarcoma and spleen oc-
curred independently. Metastases of sarco-
mas to subcutaneous tissues is extremely rare 
in all species. A retrospective study per-
formed in human medicine found less than 
0.25% of patients with sarcomas had cutane-
ous metastases.10 Leiomyosarcomas were 
documented to be the most common mesen-
chymal tumor to metastasize to the skin.10 

Generally, splenic sarcomas require addi-
tional immunohistochemistry or special 
stains for a definitive diagnosis. Specifically, 
particularly with a pleomorphic subtype of 
liposarcoma, Oil Red O is an invaluable stain 
for lipid within neoplastic cells.9 Oil Red O is 
typically performed on frozen tissue sections, 
though there is a protocol for staining forma-
lin fixed sections. Another lipid stain per-
formed on frozen tissue is Sudan black.9 
Other immunohistochemical stains that may 
aid in favor of liposarcoma include S-100 and 
perilipin.8 In human liposarcomas, immuno-
histochemical markers include MDM2 (mu-

rine double minute 2) and CDK4 (cyclin de-
pendent kinase 4) that have also been used in 
subtype classification.5 

Initially, this case was tentatively diagnosed 
as a melanoma given the positive immunore-
activity to Melan-A. However, given the pre-
dominantly negative immunoreactivity to 
PNL2, this diagnosis was seemingly refuted. 
In general, PNL2 is more sensitive than Me-
lan-A with less cross reactivity to nonmela-
nocytic neoplasms.6 

 
Contributing Institution: 
https://clinics.midwestern.edu/animal-health-
institute/diagnostic-pathology-center 
 
JPC Diagnosis: 
Spleen (per contributor) and liver: Malignant 
neoplasm 
 
JPC Comment:   
The final case for this conference is a story 
within a story! When we first received this 
case, we considered the contributor’s diagno-
sis of liposarcoma based on both the gross 
and H&E features which were certainly sug-
gestive. Although we ultimately reached a 
different final diagnosis in conference, the 
case was chosen as liposarcoma is not a com-
mon WSC submission. 

 

 
Figure 4-6.  Spleen, dog.  Neoplastic cells re-
gionally demonstrate strong cytoplasmic im-
munopositivity for PNL2. (PNL2, 400X) 
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Figure 4-7. Spleen, dog.  Ultrastructurally, ne-
oplastic cells contain lipid droplets and clus-
tered melanosomes in their cytoplasm. 
(Photo courtesy of:  Midwestern University, 
Glendale, AZ https://clinics.midwest-
ern.edu/animal-health-institute/diagnostic-
pathology-center) 

 

In prepping this case for conference, we 
noted that neoplastic cells were reactive for 
both Melan-A and PNL2 in our lab which did 
not fit with a liposarcoma. By chance, the 
contributor also consulted with Dr. Smedley 
on this case who repeated a melanocytic 
cocktail (Melan-A, PNL2, TRP-1, TRP-2) 
and performed a SOX10. The cocktail did la-
bel a proportion of cells (and we were cau-
tioned by Dr. Smedley that these particular 
stains usually only stain a portion of the neo-
plastic cells. The SOX-10 was negative 
(which is unusual for melanomas, but the 
positive cells on the melanoma cocktail was 
de facie evidence that the tumor was indeed a 
melanoma.)  As a result of these finding the 
contributor submitted this case to a third in-
stitution for transmission electronic micros-
copy where  rare melanosomes within neo-
plastic cells. Given that Dr. Smedley, a re-
nowned authority of canine melanoma)  was 
on the WSC schedule this year, we knew that 

we couldn’t pass up an opportunity to revisit 
this case and the superficially conflicting re-
sults.   

Dr. Smedley focused on differentiating this 
case from a poorly differentiated sarcoma. 
Oil Red O in this case highlighted lipid-rich 
portions of the neoplasm. Lipid within neo-
plastic cells was also noted on EM. While 
seemingly an odd finding,  the “balloon cell” 
subtype of melanoma may contain lipid, gly-
cogen, resulting in the cleared swollen cyto-
plasm that gives this tumor its name.  . 
Lastly, conference participants also consid-
ered sebaceous carcinoma as another rule out 
for lipid-rich tumors. 

 

 

 
Figure 4-8. Spleen, dog.  Higher magnification 
of melanosomes within the cytoplasm. 
(Photo courtesy of:  Midwestern University, 
Glendale, AZ https://clinics.midwest-
ern.edu/animal-health-institute/diagnostic-
pathology-center) 
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CASE I:   

 

Signalment:  

A 4 year old intact Male Beagle dog (Canis 

familiaris). 

 

History: 

Presented for a 9 day history of hyporexia 

and regurgitation. Previous history of being 

treated for hepatozoonosis in April 2023 with 

relapse in May 2023. Radiographs revealed 

bilateral femoral periosteal bone reaction. 

Abdominal ultrasound found free fluid 

(which was frank blood determined via ab-

dominocentesis) and multiple cavitated le-

sions in spleen and liver. An abdominal ex-

ploratory laparotomy was performed which 

found a ruptured splenic mass as well as two 

additional masses within the liver. Humane 

euthanasia was elected given uncertain prog-

nosis and the remains were submitted for 

necropsy. 

 

Gross Pathology:  

Arising from the base of the heart immedi-

ately adjacent to the aorta are two ovoid, 

green to dark brown, smooth and firm nod-

ules measuring 2 cm x 1 cm x 1 cm. 

Within the abdominal cavity is approximately 

32 mL of red, opaque, watery fluid. All 

lymph nodes are mildly to moderately en-

larged, reaching up to 2  cm diameter with 

the abdominal lymph nodes most severely af-

fected. 

 
Figure 1-1. Heart, dog.  Multiple sections of 
heart and lymph node are submitted for ex-
amination.  (HE, 5X) 

 

Laboratory Results: 

Hepatozoon spp. RealPCR: Negative 

 

Microscopic Description:  

Heart: Examined are four sections. Multifo-

cally infiltrating between and separating car-

diomyocyte fibers are discrete, occasionally 

encapsulated, aggregates of predominantly 

lymphocytes and plasma cells with scattered 

macrophages and fibroblasts. Within several 

of these aggregates are reactive histiocytes 

containing spherical eosinophilic and intra-

cytoplasmic round protozoan merozoites ap-

proximately 4-6μm in diameter and often dis-

placing the host cell nuclei. Randomly dis-

tributed throughout the right, left, and inter-

ventricular septal walls are variably- sized 

multilamellar mucopolysaccharide rich cysts 

(Onion skin cysts, meronts) up to 200 μm in 

diameter. Occasionally within these maturing 

meronts are variable stages of merozoite de-

velopment containing greater than 50, 2-3μm  
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in diameter merozoites. These meronts fre-

quently enmesh neighboring fibrocytes and 

are often surrounded by rings of leukocytes. 

Lymphocytes and plasma cells infiltrate be-

tween the adjacent 

Contributor’s Morphologic Diagnosis:  

Whole Body (Spleen, Lymph nodes, Heart, 

Blood vessels, Skeletal muscle): Chronic, 

multifocal lymphoplasmacytic and histiocytic 

inflammation with intralesional encysted pro-

tozoa (consistent with Hepatozoon sp.) 

 

Contributor’s Comment: 

The patient's reported progressive decline 

was considered multifactorial, likely owing 

to a combination of systemic hepatozoonosis 

and ruptured splenic hemangiosarcoma (not 

captured in the provided slide). The patient's 

hemoabdomen noted during the abdominal 

exploration surgery was subsequent to the 

ruptured splenic hemangiosarcoma as well as 

several ruptured hematomas along the hepatic 

parenchyma. These hepatic hematomas are 

presumed sequela to robust, hepatozoonosis- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mediated hepatitis and hepatic necrosis with 

pronounced hepatic parenchymal loss.  

Hepatozoon is a protozoan classified among 

the apicomplexan phylum, primarily affect-

ing the canine species (intermediate host) in 

the southeastern and central United States 

with several species variants noted in Latin 

America, Africa, Asia, and Europe.1-9 Two 

primary species reported to infect domestic 

canids include Hepatozoon americanum and 

Hepatozoon canis while in felids Hepatozoon 

felis, Hepatozoon silvestris, and Hepatozoon 

canis are the primary species.1  Hepatozoono-

sis has additionally been documented in ro-

dent, racoon, kiwis, opossums, and wild 

canids.1 Transmission of Hepatozoon spp. is 

via ingestion of arthropod vectors (direct 

host) with several tick species (e.g. Rhip-

icephalus, Amblyomma, and Ixodes spp. ) be-

ing well-documented.1-9 These ticks harbor 

the oocyst stage and upon ingestion release 

sporozoites into the host blood stream with 

subsequent deposition and infiltration in the 

spleen, bone marrow, lymph nodes, and ma 

 

Figure 1-2. Heart, dog.  There are multiple foci of hypercellularity within the myocardium as well 

as a single “onion-skin” cyst of Hepatozoon americanum.  (HE, 47X) 
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jor viscera where they encyst and form mer-

onts.1-9 Merozoites begin to safely develop in 

these seemingly innocuous meronts and are 

released in mass upon complete maturation, 

thus inciting an aggressive (typically 

pyogranulomatous) host response.3 The true 

genius of this organism shines through, as 

these young merozoites safely hijack the re-

cruited macrophages and neutrophils, escape 

the granuloma, and begin to undergo their fi-

nal maturation into gamonts. Fully developed 

gamonts once again exit the leukocyte and re-

enter host blood circulation to be once again 

consumed by another tick during a hematog-

enous meal and perpetuate its life cycle.1-9 

The typical gross presentation is primarily re-

stricted to skeletal and cardiac muscle mani-

festing as a nonspecific myositis and muscle 

wasting (as evidenced in this case) but can 

additionally involve major organs such as 

bone marrow, liver, lungs, and the kidneys. A 

striking but less frequently observed gross 

finding is periosteal proliferation of the long 

bones, which was not observed in this case.2,5  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

On microscopic examination, the diagnostic 

lesion is multiple encysted approximately 

250μm in diameter meronts2 containing mer-

ozoites at varying stages of development en-

meshed in a multilayered mucopolysaccha-

ride and fibroblast-rich capsule (onion-skin 

cyst).3 In systemic infection, leukocytes 

(macrophage, neutrophil, and monocytes) can 

be observed with intracytoplasmic merozo-

ites approximately 4-6μm in diameter often 

displacing the host nuclei.1,3,4 On cytologic 

smear intracytoplasmic gamonts can be rarely 

observed in monocytes.1  

This case is an important reminder of the lim-

itations of PCR as a confirmatory or defini-

tive diagnostic tool. Despite both historic 

Hepatozoonosis and impressive multisys-

temic disease, the antemortem real time PCR 

was negative at the time of submission. A 

false negative PCR indicates that Hepatozoon 

DNA was not detected in the specific sample 

submission or may suggest that the numbers 

of detectable organisms is below the limit of  

Figure 1-3. Heart, dog.  Foci of hypercellularity contain moderate numbers of lymphocyte, plasma 

cells, and histiocytes.  Within the cytoplasm of several histiocytes, there is a single protozoal mer-

ont (arrows).  (HE, 1024X) 
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detection (i.e. decreased numbers of organ-

isms following treatment, a chronic carrier 

state, or the occurrence of new strain varia-

tions). When possible, PCR should be uti-

lized in conjunction with corroborating tests 

such as cytologic blood smears, fine needle 

aspirates of hematopoietic and lymphoid tis-

sue, and indirect fluorescent antibody (IFA). 

Muscle biopsy and/or necropsy remain the 

gold standard for definitive diagnosis.1 

 

Contributing Institution:  

North Carolina State University College of 

Veterinary Medicine 

https://cvm.ncsu.edu/php/  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

JPC Diagnosis: 

1. Heart: Myocarditis, histiocytic and lym-

phoplasmacytic, multifocal, moderate 

with intracellular apicomplexan meronts.  

2. Lymph node: Sinus histiocytosis, diffuse, 

mild with apicomplexan meronts. 

 

JPC Comment:   

This week’s moderator was Dr. Tony Alves, 

former JPC Veterinary Pathology Director 

and current pathologist at the National Insti-

tute of Allergy and Infectious Diseases 

(NIH/NIAID). Given his role within the 

NIAID Infectious Disease Pathogenesis Sec-

tion, the theme for this conference was hardly 

surprising for participants. 

Figure 1-4. Heart, dog.  High magnification of characteristic “onion-skin” cyst with multiple lamella-

tions of mucopolysaccharide with a central host cell nucleus.  There are low numbers of lympho-

cytes, histiocytes, and plasma cells within the interstitium. (HE, 381X) 
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This first case was relatively straightforward 

for residents (who, as WSC tradition pro-

vides, were not provided case history). From 

subgross magnification,, the large meronts 

(apicomplexan cysts) and inflammatory foci 

are scattered among the multiple tissues pro-

vided, underscoring that these changes con-

tributed to the decline of this animal. The size 

and lamellation of these meronts along with 

the concurrent inflammation and hyper-

trophic osteopathy are highly suggestive of 

H. americanum over H. canis.1,2 In the latter 

case, meronts are smaller and rarely incite 

significant inflammation. Conference partici-

pants discussed the cell of origin infected by 

sporozoites on the slide and concluded that 

cardiac myocytes and histiocytes (particu-

larly within the lymph node) were most likely 

in this case. Stains for PAS, PAS-Alcian 

Blue, and Giemsa all reliably stained the cyst 

wall, mucinous material, and/or merozoites 

for this case. 

Dr. Alves noted several ancillary features in 

this case, which might be overlooked at first 

glance,  that hint at a wider clinical story.. 

Within the heart, there is a solitary arteriole 

with amorphous eosinophilic material that 

expands the tunica media and compresses the 

lumen, consistent with either hyalinosis (an 

aging change) or amyloidosis given the con-

current inflammation in section. Addition-

ally, there were few megakaryocytes present 

within the lymph node, suggestive of ex-

tramedullary hematopoiesis in response to 

anemia from hemoabdomen.  

Conference participants discussed several 

ruleouts for tissue cysts. Trypanosoma cruzi 

and Sarcocystis spp. both form discrete tissue 

cysts. In contrast to Hepatozoon (particularly 

H. americanum) these cysts lack lamellation 

(Sarcocystis and Trypanosoma); size and 

shape is variable and may appear similar. 

Distribution to cardiac myocytes is common 

among all 3 species, though distribution to 

other tissues (e.g. lymph node) may be a dis-

tinguishing diagnostic feature absent IHC. 

Additionally, smaller tissue cysts to consider 

are Toxoplasma and Neospora. We recently 

covered T. cruzi in WSC 2024-2025 (Confer-

ence 3, Case 3). For another example of H. 

americanum from the WSC archives, see 

Case 2, Conference 18, 2015-2016. 
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CASE II:  

 

Signalment:  

1.2-year-old, intact female, German shepherd 

canine. 

 

History:  

This dog was adopted recently from a rescue 

in Texas. She had a history of a persistent, 

productive cough that worsened over time. 

She presented to the UWVC Small Animal 

Internal Medicine Service for a possible me-

gaesophagus work up. The owner also re-

ported occasional hemoptysis at home and 

hyporexia. Computed Tomography (CT) re-

vealed a cranial mediastinal mass. Over time, 

her symptoms worsened and she returned to 

the hospital due to increased respiratory ef-

fort. Thoracic radiographs revealed aspiration 

pneumonia, atelectasis and confirmed the 

previously diagnosed static cranial mediasti-

nal mass, which was associated with a seg-

mental megaesophagus and compression of 

the trachea and primary bronchi. An endotra-

cheal wash performed and showed neutro-

philic and eosinophilic inflammation with no 

bacterial growth. A fine needle aspirate was 

taken from the mediastinal mass and showed 

evidence of neutrophilic and eosinophilic in-

flammation with rare linear material that was 

suggestive of fungal hyphae. Heartworm and 

blastomycosis antigen testing and coccidiosis 

titers were all negative. This dog continued to 

decline and euthanasia was elected. 

 

Gross Pathology:  

A locally extensive portion of the esophagus, 

beginning from midway down the neck and  

 
Figure 2-1.  Esophagus, dog.  Gross photo-
graph of esophagus with epiglottis (white ar-
row). The esophagus is markedly thickened 
and firm and there are locally extensive re-
gions of ulceration. (Photo courtesy of: Uni-
versity of Wisconsin School of Veterinary 
Medicine, Department of Pathobiological Sci-
ences, https://www.vetmed.wisc.edu/de-
partments/pathobiological-sciences/) 

 

extending to the diaphragm, is markedly thick-

ened, nodular and firm. In this region, the wall 

of the esophagus is massively expanded, up to 

1.5 cm, by abundant firm, tan, fibrous material 

interspersed with well demarcated pockets of 

friable reddened tissue with a green tinge (see 

Figure 1). This change extends beyond the 

wall of the esophagus to incorporate the adja-

cent enlarged cranial mediastinal and tracheo-

bronchial lymph nodes, the trachea and the ad-

jacent dorsal portions of the lungs (see Figure 

2). The luminal diameter of the trachea is sig-

nificantly reduced. Within the most severely 

affected areas, the trachea is almost com-

pletely effaced by this process and the tracheal 

lumen has a significantly distorted and re-

duced diameter. The mucosal surface of the 

esophagus is friable and multifocally covered 

by plaques of stringy friable material (fibrin). 

Multifocally, there are variably sized areas 

where the mucosal epithelium is absent (ul-

cer), including a locally extensive 2.5 x 2 cm 

region. 

 

Laboratory Results: 

A panfungal PCR with sequencing identified 

Cladosporium species. 
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Figure 2-2. Esophagus, dog. Gross photograph 
of esophagus with trachea (white arrow). The 
process occurring in the esophagus extends 
to completely encapsulate the trachea, signif-
icantly reducing the luminal diameter.      
(Photo courtesy of: University of Wisconsin 
School of Veterinary Medicine, Department 
of Pathobiological Sciences, 
https://www.vetmed.wisc.edu/depart-
ments/pathobiological-sciences/) 

 

Microscopic Description: 

Esophagus (per submitter): Severely expand-

ing and effacing up to 90% of the submucosa 

are multifocal to coalescing pyogranulomas 

composed of a central region of amorphous 

eosinophilic material (necrosis) admixed with 

cellular and karyorrhectic debris, surrounded 

by a ring of intact and fragmented neutro-

phils, epithelioid macrophages and fewer 

multinucleated giant cells, and further sur-

rounded by a thin rim of lymphocytes and 

plasma cells (see Figure 3). Within the cen-

tral areas of necrosis and rarely within the cy-

toplasm of multinucleated macrophages are 

many poorly staining, 7 to 10 µm hyphal or-

ganisms with thin non-parallel walls, irregu-

lar branching, infrequent septation, and rare 

bulbous dilations up to 15 µm in diameter 

(see Figure 4). The hyphal organisms are 

prominent and exhibit strong dark black 

staining with a Grocott’s Methenamine Silver 

(GMS) stain (see figure 6) and lack melanin 

(confirmed with a Fontana Masson’s stain). 

Intersecting between granulomas and further 

expanding the submucosa are abundant mul-

tifocal to coalescing regions of fibrosis and to 

a much lesser extent hemorrhage, with a few 

associated macrophages laden with variably 

sized, golden-brown, intracytoplasmic pig-

ment (hemosiderin). A few granulomas are 

centered on or extend to adjacent small to 

medium caliber blood vessels. Affected ves-

sels are often lined by a few necrotic endo-

thelial cells that are occasionally sloughed 

into the lumen with the tunica intima partially 

replaced by variable amounts of fibrin and in-

filtrated by minimal numbers of similar in-

flammatory cells (fibrinoid necrosis; vascu-

litis). Within the adventitia, medium to large 

caliber vessels are frequently surrounded by 

moderate to large amounts of perivascular fi-

brosis.  

 

Contributor’s Morphologic Diagnosis: 

Esophagus: Severe chronic multifocal to coa-

lescing and pyogranulomatous esophagitis 

with intralesional hyphal organisms 

Contributor’s Comment:  

Given the microscopic features, gross lesions, 

and morphology of the hyphal organisms, an 

infection with Pythium sp. or Lagenidium sp. 

is considered the cause of disease in this ani-

mal despite the results of PCR and sequenc-

ing, which identified Cladosporium sp. from 

the formalin fixed tissue. In particular, the 

microscopic features of this fungus are not 

consistent with this result and we do not be-

lieve that Cladosporium species are the 

source of infection in this animal.  

Morphological features consistent with this 

case and Pythium/Lagenidium spp. include 

non-parallel walls, infrequent septa and irreg-

ular branching.3,5 A few bulbous dilatations 

within hyphal structures were noted in exam-

ined sections which is more consistent with 

Cladosporium sp. as well as the irregular 

branching and infrequent septa; however, 

other morphological characteristics of 

Cladosporium sp. include thicker non-paral-

lel walls and apparent pigmentation, which 
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were not evident.11 In addition, 

Cladosporium sp. frequently exhibits pig-

mentation, seen either in routine H&E stain-

ing or with the aid of a Fontana Masson’s 

stain, which was not seen in this case. Based 

on the morphological characteristics, we sus-

pect the hyphal structures are likely Pythium 

sp. or Lagenidium sp. regardless of PCR re-

sults. 

Despite the few morphological similarities 

shared between Pythium/Lagenidium spp. 

and true fungi, Pythium and Lagenidium spp. 

are oomycetes (water molds), not fungal or-

ganisms. Key differences between oomycetes 

and fungal organisms include the lack of chi-

tin within oomycete cell walls and the ab-

sence of ergosterol within oomycete cyto-

plasmic membranes. Additionally, oomycetes 

undergo sexual reproduction via oogamy.3 

Oomycetes are typically found in warm stag-

nant water with Pythium sp. having been re-

ported in multiple continents, including 

North and South America, southern parts of 

Asia, and Australia. Conversely, Lagenidium 

sp. has only been reported in southern re-

gions of North America.2-4 Infection with oo-

mycetes are rare in Wisconsin though this 

dog’s recent travel history from Texas was 

suspect. In dogs, Pythium insidiosum and La-

genidium giganteum are the most common 

etiologic agents of pythiosis and lagenidiosis, 

respectively.4,13 The life cycle of Pythium in-

sidiosum first involves colonization of plants 

by Pythium insidiosum hyphae which then 

develop into zooporangia, eventually forming 

zoopores which mechanically break through 

the vesicle wall and are released into the 

stagnant water in which the plant resides.4,8 

Zoopores are considered the infective stage 

and target damaged skin via direct contact or 

gastrointestinal mucosa if ingested through 

chemotaxis and its biflagellate motility.4,8 

The zoospores encyst and form hyphal struc-

tures similar to the first life stage previously 

described. Exoantigens cause a T-helper 2  

 
Figure 2-3.  Esophagus, dog.  Two sections of 
the esophagus are submitted for examina-
tion.  The wall is markedly expanded by coa-
lescing areas of inflammation and necrosis.   
(HE, 4X) 

 

(Th2)-mediated immune response resulting in 

recruitment of eosinophils which then 

degranulate resulting in tissue damage.1,3,4,5,8 

With time, the tissue damage will induce 

more pyogranulomatous inflammation as 

seen in this case.3-5 Little is known about the 

life cycle and pathogenesis of Lagenidium 

sp., though it is likely similar to Pythium sp..4 

Some studies have shown that the life cycle 

and pathogenesis of Lagenidium sp. may in-

volve mosquitoes.13 

Pythium/Lagenidium sp. have been reported 

in dogs, cats and humans.4,11 In addition, 

Pythium sp. have been well-documented in 

horses and sporadically diagnosed in cattle, 

sheep, a Californian nestling white-faced ibis, 

bears, camels, and large cats (i.e. tigers and 

jaguars).1,3 In dogs and cats, Pythium sp. can 

cause cutaneous and more frequently, gastro-

intestinal tract lesions. Infections affecting 

horses and other documented species are typ-

ically limited to the cutis and subcutis.3,8 In 

contrast to Pythium sp., there are currently no 

reports documenting gastrointestinal lesions 

caused by Lagenidium sp.. However, Lagen-

idium sp. can cause cutaneous lesions and af-

fect other tissues such as great vessels, sub-

lumbar and inguinal lymph nodes, lung, pul-

monary hilus, and cranial mediastinum.4 
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Figure 2-4. Esophagus, dog. Within areas of 
necrosis, poorly staining hyphal structures ex-
hibit irregular branching and frequently non-
parallel walls (HE, 400X) (Photo courtesy of: 
University of Wisconsin School of Veterinary 
Medicine, Department of Pathobiological Sci-
ences, https://www.vetmed.wisc.edu/de-
partments/pathobiological-sciences/) 

 

When possible, wide surgical excision and 

various antimicrobial agents and immuno-

therapeutic drugs have exhibited successful 

treatment in various species infected with 

Pythium/Lagenidium spp.3,4 Early detection 

of disease increases the probability of suc-

cessful treatment; however, in many cases, 

there fails to be early detection and fatality 

occurs regularly.3,4 In addition, local recur-

rence is common and may occur at the surgi-

cal excision site or in a regional lymph node.4 

 

Contributing Institution:  

University of Wisconsin 

School of Veterinary Medicine 

Department of Pathobiological Sciences 

2015 Linden Drive Madison, WI 53706 

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

ments/pathobiological-sciences/ 

JPC Diagnosis: 

Esophagus: Esophagitis, necrotizing and 

pyogranulomatous, chronic-active, multifocal 

to coalescing, severe, with numerous intrahis-

tiocytic and extracellular hyphae.  

JPC Comment:  

This second case featured a tricky tissue 

identification for participants given the 

marked inflammation, and in this case, fea-

tures of a somewhat “hidden” organiam were 

more readily recognized. The nature of the 

distal esophagus transitioning from a strati-

fied squamous epithelium to columnar epi-

thelium gave some members pause, though 

this is actually a normal histologic feature6 

and not transitional epithelium (i.e.  the uri-

nary bladder). 

Dr. Alves emphasized the chronic-active na-

ture of this case. In section, there was a spec-

trum of inflammatory changes including coa-

lescing areas of necrosis and discrete granu-

lomas as well as maturing granulation tissue 

and fibrosis. These changes were largely 

within the serosal tunia, but did expand into 

the muscularis and submucosa, resulting in 

degeneration and necrosis of skeletal muscle 

and loss of esophageal glands in this particu-

lar section. GMS and PAS  both outlined or-

ganisms well in section. 

Conference participants then discussed the 

morphologic  findings of the fungal hyphae 

in this case. We agree with the contributor 

that the major histologic features of the hy-

phae are consistent with Pythium/Lagenidium 

sp. and not with Cladosporium. Several con-

ference participants raised the possibility of 

Conidiobolus/Basidiobolus sp. as another dif-

ferential diagnosis. Associated hyphae are 

typically larger than oomycetes8 (approxi-

mately 5-12 µm and 6-20µm respectively) 

though have the same irregular branching and 

rare septations present.8 Though rare, gastro-

intestinal basidiobolomyocsis has been rec 
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Figure 2-5.  Esophagus, dog. Fungal hyphae 
exhibit strong positivity that highlight the 
non-parallel walls, infrequent septations and 
irregular branching (GMS, 200X).  (Photo 
courtesy of: University of Wisconsin School of 
Veterinary Medicine, Department of Pathobi-
ological Sciences, https://www.vet-
med.wisc.edu/departments/pathobiological-
sciences/) 

 

orded both in the human11 and veterinary7 lit-

erature. In contrast, Conidiobolus is typically 

associated with respiratory disease in mam-

mals.7 In histologic section, Basidiobolus 

would be expected to elicit a strong Th2-re-

sponse similar to what the contributor de-

scribes for this case. However, the chronicity 

of the lesion may also influence whether it is 

primarily eosinophilic. In this case, the de-

gree of fibrosis and formed granulomas over-

shadowed eosinophils. 
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CASE III:  

Signalment:       

6-month-old, female intact, NOD.Cg-Prkdcs-

cid Il2rgtm1Wjl/SzJ (NSG) mouse (Mus muscu-

lus). This mouse strain has the Prkdc and in-

terleukin 2 receptor (Il2rg) mutations, which 

results in phenotype that lacks numerous im-

mune components including T cells, B cells, 

natural killer cells, and have deficient signal-

ing for 6 cytokines (IL-2, IL-4, IL-7, IL-9, IL-

15, and IL-21). 8 

 

History:  

The mouse was part of experiment in which a 

NSG mouse shedding Chlamydia muridarum 

was cohoused with four naïve NSG mice. 

The mouse was lethargic, lost weight, and 

had a hunched posture and an increased res-

piratory effort. 

 

Gross Pathology: 

The right cranial, middle, and accessory pul-

monary lobes were diffusely pale pink to 

white and atelectatic. 

 

Laboratory Results: 

CBC with manual differential showed leuko-

cytosis characterized by mild to moderate 

neutrophilia and mild monocytosis.  

 
Figure 3-1. Lung, mouse.  Approximately 25% 
of the lung is consolidated by inflammation.  
A section of heat is submitted as well. (HE, 
5X) 

 

Aerobic and anaerobic cultures of the lung 

were both negative.  

IHC for Chlamydia MOPM-1 showed strong 

and specific detection of Chlamydia antigen 

in bronchiolar and alveolar epithelial cells 

and areas of inflammation.  

qPCR for Cm 23S rRNA: Positive in lung 

 

Microscopic Description:  

Lung (right and left pulmonary lobes): Af-

fecting approximately 40-45% of the airways 

in the right pulmonary lobes, there are multi-

focal to coalescing dense areas of leukocytic 

cell infiltration mixed with proteinaceous ex-

udate and necrotic cellular debris. Multifo-

cally, alveolar spaces are collapsed and filled 

with numerous neutrophils and degenerate 

neutrophils admixed with foamy macro-

phages, edema, fibrin, karyorrhectic debris 

and fewer linear clear acicular clefts (choles-

terol clefts), and hemorrhage. Alveolar septa 

are lined by elongated epithelial cells and at-

tenuated necrotic alveolar wall admixed with 

alveolar macrophages and vacuolated cells 

containing numerous round basophilic organ-

isms measuring approximately 0.5 to 1.0μm 

in diameter (Chlamydia elementary and retic-

ular bodies). The adjacent bronchioles are  
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Figure 3-2. Lung, mouse.  Areas of pneumonia 
affect both airways and interstitium (HE, 
100X).  (Photo courtesy of:  Laboratory of 
Comparative Pathology; Memorial Sloan Ket-
tering Cancer Center, Weill Cornell Medicine, 
Hospital for Special Surgery, and The Rocke-
feller University  https://www.mskcc.org/re-
search/ski/core-facilities/comparative-medi-
cine-pathology-0) 

 

filled by moderate amounts of proteinaceous 

fluid admixed with neutrophils, karyorrhectic 

debris, pyknotic cells, and fibrin. The bron-

chiolar epithelium is segmentally effaced by 

areas of necrosis and proteinaceous exudate 

and often contains degenerate bronchiolar ep-

ithelial cells with intracytoplasmic vacuoles 

filled with Chlamydia elementary and reticu-

lar bodies (Chlamydia inclusions). Blood 

vessels are congested and lined by plump en-

dothelial cells with tethered neutrophils. The 

left pulmonary lobe is multifocally affected 

by small clusters of neutrophils and foamy 

macrophages admixed with edema and hem-

orrhage, predominantly affecting alveoli. 

Chlamydia inclusions are occasionally noted 

in the left pulmonary lobe and often observed 

in the adjacent extrapulmonary bronchi.    

 

Contributor’s Morphologic Diagnosis:  

Lung: Bronchointerstitial pneumonia histio-

cytic and neutrophilic, chronic, multifocal to 

coalescing, moderate to severe, with edema, 

fibrin, necrotic debris, alveolar histiocytosis, 

numerous intracytoplasmic Chlamydia inclu-

sions.  

Bronchi, tracheal bifurcation: Multifocal in-

traepithelial Chlamydia inclusions. 

 

Contributor’s Comment:  

Chlamydia muridarum (Cm) was recently re-

ported as prevalent in research mouse colo-

nies, affecting between 14% and 33% of non-

commercial institutions.5 Cm infections in 

mice were initially described in the 1930s 

and 1940s when this bacterium was discov-

ered by accident while inoculating mice with 

various viruses by transferring lung homoge-

nates.4,7 In 2021, our group detected Cm in-

clusions associated with peribronchiolar lym-

phocytic and plasmocytic aggregates in im-

munocompetent GEM mouse strains.4 The 

case presented in this submission was part of 

an investigation to evaluate the impact of Cm 

infection in severely immunocompromised 

mice (NSG) after cohousing with Cm shed-

ding, naturally infected immunocompetent 

mice and/or their soiled bedding for 4 

weeks.9  All 19 NSG mice developed pulmo-

nary lesions consistent with bronchointersti-

tial pneumonia and/or bronchiolitis with nu-

merous intraepithelial Chlamydia inclusions 

bronchioles and alveoli.9 Since 2021, our la-

boratory has reported that Cm infections can 

be associated with spontaneous clinical dis-

ease and pulmonary and/or urogenital pathol-

ogy in NSG mice and in two genetically en-

gineered mouse (GEM) strains, Il12rb2 

knockout and STAT1 knockout mice, with 

impaired interferon-γ signaling and Th1 

CD4+ T cell responses.4,9 As a result of these 

investigations, testing for Cm has been added 

to routine health surveillance testing panels 

in immunocompromised mouse colonies in 

our institution and commercial breeding colo-

nies in other institutions in the U.S.   
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Chlamydiae are gram-negative obligate intra-

cellular bacteria with an extensive host range 

at the genus level, but high host specificity at 

the species level.3,7 Cm is the only natural 

chlamydial pathogen of mice and has been 

classically used to model the sexually trans-

mitted Chlamydia trachomatis infection of 

humans.3 Cm exhibits a biphasic life cycle 

involving a nonreplicating and infectious ‘el-

ementary body’ and a replicating and nonin-

fectious ‘reticulate body.3,7 Elementary bod-

ies enter the host mucosal epithelial cells and 

incorporate into a membrane-bound compart-

ment, termed an inclusion body. These ele-

mentary bodies then differentiate into reticu-

lar bodies. The reticular bodies replicate 

within the inclusions before reverting into el-

ementary bodies, as which they can then be 

released and infect nearby cells.3,7 Natural 

transmission is via the fecal-oral route, and 

the gastrointestinal tract is often the natural 

site of colonization.14,15 It is thought that pul-

monary lesions and colonization can also be 

acquired through aspiration of inhalation of 

the organism.5,9 

The diagnosis of Cm infection in laboratory 

mice can be confirmed by Cm MOMP-1 IHC 

and/or qPCR or ISH using Cm-specific pri-

mers and probes, respectively.9 The bron-

chointerstitial pneumonia and numerous in-

tralesional CI inclusions are characteristic 

microscopic changes seen in spontaneous 

and/or experimental Cm infections in NSG 

mice.5,9 Cm inclusions are rarely noted in in-

fected lungs from immunocompetent mice5 

and requires the use of ancillary tests for con-

firmation. Differential diagnoses in immuno-

deficient mice include bronchopneumonia as-

sociated with Mycoplasma pulmonis or Filo-

bacterium rodentium (“CAR bacillus”) and 

primary viral infections with Sendai virus or 

Pneumonia Virus of Mice (PVM), granulom-

atous interstitial pneumonia associated with 

Pneumocystis murina, and bronchopneumo-

nia associated with other opportunistic bacte-

rial agents.1,10 

 
Figure 3-3. Lung, mouse.  Peribronchiolar and 
alveolar spaces are infiltrated by numerous 
histiocytes and neutrophils admixed with fi-
brin, edema, karyorrhectic debris, and chla-
mydial inclusions. (HE, 400X).  (Photo cour-
tesy of:  Laboratory of Comparative Pathol-
ogy; Memorial Sloan Kettering Cancer Center, 
Weill Cornell Medicine, Hospital for Special 
Surgery, and The Rockefeller University  
https://www.mskcc.org/research/ski/core-
facilities/comparative-medicine-pathology-0) 

 

The bronchointerstitial pneumonia and bron-

chiolitis seen in Cm infected NSG mice 

shared similarities with pulmonary lesions 

seen in the acute phase of Cm infection in 

previous studies using BALB/c and Tlr2 

knockout mice following intranasal chal-

lenge.2,12 Pulmonary lesions in Il12rb2 

knockout and STAT1 knockout mice naturally 

infected with Cm are characterized by lym-

phoplasmacytic and histiocytic inflammation 

in bronchioles and peribronchiolar and peri-

vascular spaces.4 Cm inclusions are seen in 

bronchiolar epithelial cells, but these inclu-

sions are less abundant than the inclusions 

seen from NSG-infected lungs.4,9 The sever-

ity of the pulmonary lesions seen in NSG 

mice is likely exacerbated by the absence of 

CD4+ T and NK cells in this mouse strain.9 

These immune cells are important producers 

of interferon-gamma (IFN-γ), which is an es-

sential effector cytokine involved in the reso- 
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Figure 3-4. Lung, mouse.  Histiocytic and neu-
trophilic bronchointerstitial pneumonia with 
intracytoplasmic chlamydial inclusions in 
bronchiolar epithelial cells  (HE, 400X).  
(Photo courtesy of:  Laboratory of Compara-
tive Pathology; Memorial Sloan Kettering 
Cancer Center, Weill Cornell Medicine, Hospi-
tal for Special Surgery, and The Rockefeller 
University  https://www.mskcc.org/re-
search/ski/core-facilities/comparative-medi-
cine-pathology-0) 

 

lution of Cm infections in experimental mod-

els of murine chlamydiosis.13  

Cm has shown a tropism for mucosal epithe-

lial cells, which serves as a niche for intracel-

lular survival, spread from cell to cell, and 

immune modulation.3,6 Cm inclusions in 

NSG mice were observed in epithelial cells 

from the nasopharynx, nasal cavity, trachea, 

eustachian tube, bronchi/bronchioles, ovi-

ducts, uterus, and small and large intestines.9 

Among these tissues Cm extensively colo-

nized the small and large intestinal epithe-

lium, without eliciting histopathological 

changes in the mucosa.9 Given that NSG 

mice do not have functional adaptive immune 

system,8 Cm likely establishes long-lasting 

colonization in the intestines and persistent 

shedding of elementary bodies in feces. 

 

 

Contributing Institution:  

Laboratory of Comparative Pathology; Me-

morial Sloan Kettering Cancer Center, Weill 

Cornell Medicine, Hospital for Special Sur-

gery, and The Rockefeller University 

417 E. 68th St., ZRC-940 

New York, NY 10065 

https://www.mskcc.org/research/ski/core-fa-

cilities/comparative-medicine-pathology-0 

 

JPC Diagnosis: 

Lung: Pneumonia, bronchointerstitial, ne-

crotizing, neutrophilic and histiocytic, sub-

acute, multifocal to coalescing, marked, with 

numerous intraepithelial bacterial inclusions.  

JPC Comment:   

This case was recently published in Veteri-

nary Pathology11 and the submitted slides are 

just as good in person as they are “on paper”. 

The contributor provides a great summary of 

the paper in their comments, but we invite 

readers to read it in its entirety in conjunction 

with this case. 

The distribution of Chlamydia in this case is 

generous and the lack of IFN-γ in these mice 

allowed conference participants to appreciate 

inclusion bodies readily on H&E, though 

they stained strongly with PAS as well. Dr. 

Alves also performed ISH for Chlamydial 

RNA using a C. trachomatis probe which 

cross-reacted and labeled Cm-infected cells 

strongly. Additionally, alveolar macrophages 

(labeled with a F4/80 IHC marker) were as-

sessed, though we did not see actual Chla-

mydial inclusion bodies within macrophages. 

Macrophage replication is a feature of C. tra-

chomatis infection but was not observed here. 

Conference participants also touched on sev-

eral ancillary changes. In less affected re-

gions of lung, there were numerous alveolar 

macrophages which was interpreted as alveo- 
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Figure 3-5.  Lung, mouse.  Chlamydia antigen 
in inclusions within bronchiolar epithelial 
cells and scattered in alveolar spaces. Im-
munohistochemistry (IHC) for Chlamydia ma-
jor outer membrane protein antigen (MOMP-
1). (HE, 400X).  (Photo courtesy of:  Labora-
tory of Comparative Pathology; Memorial 
Sloan Kettering Cancer Center, Weill Cornell 
Medicine, Hospital for Special Surgery, and 
The Rockefeller University  
https://www.mskcc.org/research/ski/core-
facilities/comparative-medicine-pathology-0) 

 

lar histiocytosis. This is a common back-

ground finding in knockout mice. Addition-

ally, the large neutrophilic response in an ani-

mal lacking other tools to respond to a patho-

gen is not surprising – participants noted 

good examples of leukocyte margination in 

blood vessels. Though there was also a focus 

on inflammatory cells along the pericardium, 

these were interpreted as mast cells as they 

notably lacked PAS-staining or ISH probe la-

beling. 

There were some indications of chronicity in 

section. Notably, there is a large, mature 

thrombus in a pulmonary vein. Additionally, 

the bronchiolar epithelium is markedly hy-

perplastic whereas in unaffected sections the 

epithelium is quite thin. The accumulation of 

cholesterol crystals is also suggestive of sig-

nificant loss and accumulation of cell mem-

brane components. In line with the contribu-

tor’s purported infection timeline11 we be-

lieve  that the time course of these changes is 

at least subacute. 
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CASE IV:  

Signalment:  

4-year-old, spayed female, Terrier mixed dog 

(Canis familiaris). 

 
Figure 4-1.  Myelencephalon, dog.  A 0.7 x 0.4 
x 0.3 cm, well-demarcated, expansile, white 
to tan and firm mass effaces the right-side of 
caudal cerebellar peduncle and the overlying 
cerebellar cortex.    (Photo courtesy of: Mid-
western University, College of Veterinary 
Medicine Diagnostic Pathology Center, 
Glendale, AZ 85308 
https://clinics.midwestern.edu/animal-
health-institute/diagnostic-pathology-center) 

 

History: 

This dog was presented for diarrhea, swollen 

paw, an increase respiratory, and a brain tu-

mor. The dog had a long history of neuro-

logic signs, facial tremors, ataxia, eye nystag-

mus, and myotonic like chomping of jaw. 

TPLO was done in 2023. CT was performed 

on 02/2024 and revealed a contrast enhancing 

mass at the right brainstem cerebral region. 

Valley Fever titers were negative. The patient 

was on Prednisone, Gabapentin, Diazepam, 

and Fluconazole. Patient showed continued 

deterioration including poor ability to open 

mouth. Euthanasia was elected. 

 

Gross Pathology:  

On thoracic examination, there is no pleural 

effusion. The left lung lobes are pink to dark 

red and mottle. The lung lobes are soft, aer-

ated, and slightly wet. The distal 1/3 of the 

trachea and the mainstem bronchi contain a  
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small amount of white froth. There is no peri-

cardial effusion. The heart is unremarkable.  

On abdominal examination, the liver is 

slightly swollen and congested, and weighs 

1.36 kg (5% of the patient’s body weight). 

The spleen, pancreas, and GI tract is unre-

markable. 

On examination of the head and bran, a 0.7 x 

0.4 x 0.3 cm, well-demarcated, expansile, 

white to tan and firm mass effaces the right-

side of caudal cerebellar peduncle and the 

overlying cerebellar cortex. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Laboratory Results: 

Clinical pathology: 

Two cytospin preparations from the submit-

ted CSF are reviewed. A 90-cell differential 

reveals 31 (34%) non-degenerate neutrophils, 

52 (58%) small mononuclear cells, 6 (7%) 

large mononuclear cells, and 1 (1%) eosino-

phils. The small mononuclear cells are con-

sistent with small to intermediate sized lym-

phocytes and have occasional single promi-

nent nucleoli. The lightly basophilic protein 

background contains many erythrocytes and 

few polychromatophils. No infectious agents 

or overt evidence of neoplasia is observed. 

 

 

 

 

Figure 4-2.  Myelencephalon,  dog. Subgross magnification of the inflammatory nodule (arrow).   
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Microscopic Description:  

Brain, cerebellum and brainstem: Expanding 

and effacing the right caudal cerebellar pe-

duncle, right caudal vestibular nucleus and 

the overlying cerebellar cortical neuroparen-

chyma are multifocal to coalescing areas of 

extensive granulomatous inflammation, char-

acterized by central necrosis and large num-

bers of epithelioid macrophages, which are 

surrounded by moderate numbers of lympho-

cytes, plasma cells, and thin band of fibrous 

connective tissue. The center of granulomas 

contain small to large amount of eosinophilic 

cellular debris, karyorrhectic and pyknotic 

debris, and degenerate leukocytes that occa-

sionally surround a single, 20-30 um in diam-

eter fungal spherule that has a smooth 4um 

thick, double contoured, hyaline wall con-

taining multiple granular to flocculent, baso-

philic structures (endospores), consistent with 

Coccidioides spp. The affected and surround-

ing neuroparenchyma and meninges  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

are expanded with these inflammatory cells, 

reactive/ dilated blood vessels, lympho-

plasmacytic perivascular cuffings, and a mild 

to moderate amount of clear space (edema).  

 

Contributor’s Morphologic Diagnosis:  

Brain, cerebellum and brainstem: Menin-

goencephalitis, granulomatous, locally exten-

sive, severe, chronic with intralesional fungal 

spherules (consistent with Coccidioides sp.)  

 

Contributor’s Comment:  

Coccidiomycosis is commonly known as 

“Valley fever (VF)” and is endemic to human 

and animals in the southwestern USA (Ari-

zona, California, New Mexico, Nevada) and  

Figure 4-3. Myelencephalon,  dog:  Numerous granulomas are scattered throughout the inflamma-

tory nodule and surrounding by abundttn fibrous connective tissue extending from the overlying 

meninges.   (Photo courtesy of: Midwestern University, College of Veterinary Medicine Diagnostic 

Pathology Center, Glendale, AZ 85308 

https://clinics.midwestern.edu/animal-health-institute/diagnostic-pathology-center) 

226



19 
 

 
Figure 4-4.  Myelencephalon, dog.  Granulo-
mas are centered on one or more endosporu-
lating yeasts consistent with Coccidioides sp.   
(Photo courtesy of: Midwestern University, 
College of Veterinary Medicine Diagnostic Pa-
thology Center, Glendale, AZ 85308 
https://clinics.midwestern.edu/animal-
health-institute/diagnostic-pathology-center) 

 

northern Mexico.3,7,12 Additional areas are 

Utah, Eastern Washington, Oregon, Central 

and South Americas.14,15 Coccidiomycosis is 

caused by soil-dwelling, saprophytic, dimor-

phic fungi, Coccidioides. Coccidioides was 

originally described as one species C. im-

mitis, but more recently, genetic analysis has 

defined two separated species with relative 

distinct geographical distribution. C. immitis 

is largely found in California and Eastern 

Washington State.3,15 All cases in Arizona, 

Texas and Central and South America are C. 

posadasii. There have been no distinct differ-

ences in the phenotypical behavior of C. im-

mitis and C. posadasii.3,18 Coccidioides re-

quires animal nutrients for growth and their 

distribution which is largely restricted to ar-

eas of human or animal habitation, such as 

small rodent burrows.3,18 Animal carcasses 

may serve as a medium for the growth of 

Coccidioides in the soil.6   

Coccidioides spp. grow in soil as a myce-

lium. Mycelia septate and produce spores 

known as arthroconidia which are fragile and 

become airborne with minimal soil disturb-

ance. The infection is almost always through 

the inhalation of arthroconidia, rarely cutane-

ous inoculation, which transform into spher-

ules that subsequently divide into endo-

spores. With spherules lysis, the endospores 

are released and become spherules which re-

sult in exponential propagation in affected or-

gans.3,6,12 

In humans, 60% of infections are asympto-

matic with the remaining 40% having respir-

atory illnesses. Approximately 1% of total in-

fections are disseminated.12 In dogs, infection 

most commonly results in self-limiting res-

piratory tract disease, but disease can be 

more severe in some dogs which can result in 

systemic disease.14,15 Large breed, young 

adult dogs are most at risk. Risk factors are 

increased for outdoor dogs (roaming areas 

more than 1 acre) and walking in the desert.4 

Boxers, Pointers, Australian Shepherds, Bea-

gles, and Scottish Terriers showed an in-

creased risk of infections as well.11   

Disseminated coccidioidomycosis includes 

cutaneous, osseous, cardiac, ocular, and nerv-

ous abnormalities along with other signs of 

systemic illness.5,9,11 In dogs, CNS involve-

ment typically involves the cerebrum with in-

tracranial lesions often showing focally, or 

less commonly, as multifocal distinct granu-

lomatous inflammation. Conversely, in hu-

man CNS infection, inflammation is more 

diffuse.2,13,17 Diffuse, bilateral, symmetric le-

sions of the caudate nuclei and frontal lobes 

are less common form in dogs, and the me-

dian age of intracranial coccidioidomycosis is 

7 years.13 The time between infections and 

evidence of disseminated disease ranges from 

weeks to several years, and a history respira-

tory signs might not be present.8,16 Antibody 

detection is the most sensitive method for VF 
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diagnosis, but it can be falsely negative in ap-

proximately 5-10% of cases.17 Therefore, 

coccidioidomycosis should be considered as 

a potential cause for chronic illness, respira-

tory signs, lameness, lymphadenopathy, and 

nonhealing cutaneous lesions, neurological 

and cardiac illness within endemic regions. 

Coccidioidomycosis occurs less frequently in 

cats, but their presentation and laboratory ab-

normalities are similar to dogs including res-

piratory illness, neutrophilia, monocytosis 

and hyperglobulinemia. However, cats at di-

agnosis are typically significantly ill and 60% 

of cats have disseminated infection, most 

commonly to the skin, in the endemic re-

gions.1,10  

 

Contributing Institution: 

Midwestern University, College of Veteri-

nary Medicine  

Diagnostic Pathology Center  

5725 West Utopia Rd.  

Glendale, AZ 85308  

https://clinics.midwestern.edu/animal-health-

institute/diagnostic-pathology-center 

 

JPC Diagnosis: 

Cerebellum and brainstem: Meningoencepha-

litis, granulomatous, chronic, focally exten-

sive, severe, with intra-and extracellular fun-

gal spherules.  

 

JPC Comment:   

The contributor provides a nice writeup on 

coccidiomycosis that prompts some interest-

ing questions for this case. The lesion in this 

case was focal and unilateral, and extended 

from the leptomeninges through the cerebel-

lar peduncle and into the brainstem.  

 
Figure 4-5. Myelencephalon, dog.  A silver 
stain darkly stains the yeast’s capsule.  
(Gomori’s methenamine silver, 400X) (Photo 
courtesy of: Midwestern University, College 
of Veterinary Medicine Diagnostic Pathology 
Center, Glendale, AZ 85308 
https://clinics.midwestern.edu/animal-
health-institute/diagnostic-pathology-center) 

 

That this animal reportedly had neurologic 

deficits attributable to cranial nerve V (mo-

tor) and VII deficits aligns with the relative 

location of these nuclei and the lesion within 

the brainstem – the focally extensive necrosis 

of the cerebellum and its role in smoothing 

motor output likely also played a role, to in-

clude the observed nystagmus. 

Although the granulomas within the brain-

stem were an obvious feature on H&E, there 

were few organisms in histologic section. 

Even with a GMS or PAS Light Green Stain 

applied, we noted only 2 granulomas that had 

an intact spherule. This aligns with the longer 

clinical course reported by the contributor. 

Likewise, the lack of free infectious agent 

(either sequestered in a granuloma and/or low 

in total number) may have led to a paucity of 

antigen such that it was below the limit of de-

tection for PCR in this case. 

The changes in this case are a classic Th1-re-

sponse. Participants were quite familiar with 

Th1 granulomas, though the origin of fibrosis 

228



21 
 

within the brain was less immediately appar-

ent. With chronic antigen stimulation (such 

as failing to clear Coccidioides), there is pre-

dilection for Type-1 macrophages and CD4+ 

Th1 lymphocytes who in turn produce IFN-γ. 

IFN-γ is crucial for classical macrophage ac-

tivation, though this phenotype is notably an-

tifibrotic with cellular arginine being con-

verted to citrulline by nitric oxide synthase 2 

which enhances microbicidal activity. In Th2 

responses, profibrotic alternatively activated 

macrophages instead convert arginine to orni-

thine and eventually proline (a collagen pre-

cursor). While the normal brain parenchyma 

lacks fibroblasts to create fibrous tissue, there 

are two potential sources to strategically ac-

quire them. In this case, the extension of in-

flammation through to the meninges (and as-

sociated meningeal fibroblasts) is the most 

likely explanation. Alternatively, differentia-

tion of perivascular fibroblasts (from peri-

cytes) is another possibility that may explain 

some of the fibrosis deeper in tissue section.7 

The disruption of the blood-CNS barrier may 

also play a role.7 
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CASE I:   
 
Signalment:  
5-month-old, female intact, Domestic Short-
hair, Felis catus, cat. 

 
History: 
The patient presented to the referring veteri-
narian at 3 months of age for a 1 month his-
tory of abdominal distention which worsened 
post-prandially. Approximately 45 mL of 
yellow fluid was removed from the abdomen 
at this time. The patient was then referred to 
Colorado State University Veterinary Teach-
ing Hospital for further work up: serum bio-
chemistry demonstrated elevated liver en-
zymes and hyperbilirubinemia.  Abdominal 
ultrasound showed severe intrahepatic biliary 
tract dilatation with no identifiable gallblad-
der, and 300 mL of a similar abdominal fluid 
was removed. Top differentials included a 
ductal plate malformation or other congenital 
malformations. The patient continued to de-
cline despite medical management (Ursodiol 
and Spironolactone) and was humanely eu-
thanized 1 month later.  

 
Gross Pathology:  
On postmortem examination, there was mod-
erate icterus and musculature atrophy. There 
was approximately 1300 mL of serous, yel-
low-green fluid in the abdominal cavity. The 
liver was yellow-to-green tinged and mark-
edly enlarged with distorted, rounded lobes.  
There was serosal thickening with adhesions  

 
Figure 1-1. Presentation, kitten.  1300 cc of 
fluid were present in the abdomen at au-
topsy. (Photo courtesy of:  Colorado State 
University Veterinary Diagnostic Laboratory, 
https://vetmedbiosci.colostate.edu/vdl/) 

 

from the liver to the diaphragm and stomach 
and there was no identifiable gall bladder. On 
cut section, the yellow to green discoloration 
was present throughout the parenchyma and 
there were numerous, tortuous, markedly di-
lated bile ducts filled with dark green fluid. 
The left lobe of the pancreas was edematous, 
nodular and irregular and markedly decreased 
in size with adhesions to the stomach. The 
spleen was very small, rounded and adhered 
to the stomach. The mesentery of the greater 
curvature of the stomach had prominent, 
slightly tortuous vasculature and was ex-
panded by green-tinged edema.  

 
Laboratory Results:  
Chemistry: 
Phosphorus 7.0 mg/dL (3.0 - 6.0) 
Total Protein   6.2 g/dL (6.3 - 8.0) 
CK 828 IU/L (60 – 350) 
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T-Bilirubin 1.6 mg/dL (0.0 - 0.1) 
ALP 392 IU/L (10 – 80) 
ALT 893 IU/L (30 – 140) 
AST 275 IU/L (15 – 45) 
GGT 22 IU/L (0 - 0.5) 
Sodium 154 mEQ/L (149 – 157) 
Potassium 6.12 mEQ/L (3.7 - 5.4) 
Chloride 116.6 mEQ/L (115 – 125) 
Bicarb 16.3 mEQ/L (13 – 22) 
Anion Gap 27 mmol/L (16 – 26) 
Calc Osmolality  317 mOsm/Kg  
Lipemia 20 (0 – 50) 
Hemolysis 99 (0 – 50) 
Icterus 2 (0 – 1) 
 
Urinalysis: 
U-Protein/Create 0.54 Ratio (0.0-0.19) 
Urine Protein 2+  
Urine Bilirubin 1+  
Urine pH 6  
 
Abdominal Fluid Analysis & Cytology: 
Fluid Color Yellow 
Fluid Clarity  Cloudy  
NCC Fld 700#/uL 
RBC Fld  <10000 #/uL 
Fluid PCV 0 
Refr Protein Est 3.0 g/dL 
Neutrophils # 399 #/uL 
Neutrophils % 57% 
Large Mononuclear # 287 #/uL 
Large Mononuclear % 41% 
Lymphocytes # 14 #/uL 
Lymphocytes % 2% 

 
Microscopic Description:  
The liver capsule is thickened by variably ma-
ture fibrous to myxomatous connective tissue 
up to 0.6 mm thick with few regularly spaced 
vessels. Within the adjacent hepatic paren-
chyma, there are markedly dilated biliary pro-
files with thickened fibrous capsules. Cystic 
biliary spaces are lined by elongated and 
branching villi of biliary epithelium. Within 
the lumen there is a homogenous basophilic to 
amphophilic occasionally wispy to vacuolated 
material. Portal regions are diffusely sur-
rounded by fibrous stroma which bridges be-
tween portal regions and entraps islands of  

 
Figure 1-2. Liver, kitten. The liver was yellow-
to-green tinged and markedly enlarged with 
distorted, rounded lobes.    (Photo courtesy 
of:  Colorado State University Veterinary Di-
agnostic Laboratory, https://vetmed-
biosci.colostate.edu/vdl/) 

 
hepatocytes. Associated with portal tracts and 
fibrosis, there are abundant torturous biliary 
profiles with oval cell hyperplasia and arterio-
lar reduplication. Portal veins are often small 
and there is variable lymphatic dilation. Mild 
infiltrates of neutrophils with fewer lympho-
cytes, plasma cells and Kupffer cells dissect 
portal regions. There is increased connective 
tissue surrounding central veins and multifo-
cal mild sinusoidal dilation. 
 
Masson’s Trichrome Histochemistry:  

Liver: Trichrome staining demonstrates 
marked fibrosis surrounding dilated biliary 
profiles, often entrapping islands of hepato-
cytes. There is a finer collagen network 
bridging remaining portal regions and sur-
rounding central veins. 

 
Cytokeratin 19 Immunohistochemistry: 

Liver: There is moderate to strong immuno-
reactivity to cytokeratin 19 throughout cystic 
bile ducts and proliferative biliary epithelium 
within portal regions and extending between 
lobules. Occasionally, individual oval to  
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Figure 1-3. Liver, kitten. On cut section, intra-
hepatic bile ducts are markedly ectatic and 
tortuous.   (Photo courtesy of:  Colorado State 
University Veterinary Diagnostic Laboratory, 
https://vetmedbiosci.colostate.edu/vdl/) 

 

spindloid cytokeratin 19-positive cells di-
rectly oppose periportal hepatocytes.  

 
Contributor’s Morphologic Diagnosis:  
Liver: Chronic marked bridging fibrosis with 
ductular reaction, arteriolar reduplication, por-
tal vein hypoplasia and marked cystic dilation 
of bile ducts (Caroli’s disease); moderate cen-
tral vein fibrosis.  
 
Contributor’s Comment: 
Physical exam, ultrasound, gross and histo-
logic findings in this case are most suggestive 
of Caroli malformation/disease, which is a 
ductal plate malformation (DPM) character-
ized by congenital hepatic fibrosis and cystic 
bile ducts.1 

DPMs are a group of developmental biliary 
disorders rarely reported in veterinary spe-
cies.1 In normal development, hepatoblasts 
are bipotent, capable of differentiating into 
biliary epithelium or periportal hepatocytes. 

The fate of hepatoblasts is largely dependent 
on transcription factors. Hepatoblasts that 
give rise to biliary epithelium undergo tubu-
logenesis, forming a double layer of cuboidal 
cells surrounding a rudimentary portal vein. 
This coordinated series of events is orches-
trated by TGF-β, Notch, and Wnt signaling 
pathways, forming the embryonic ductal 
plate.7 Hepatoblasts that do not undergo tubu-
logenesis either involute or differentiate into 
periportal hepatocytes.1,5-7 

Malformations within the ductal plate arise 
when hepatoblasts do not undergo tubulogen-
esis and also fail to involute, resulting in per-
sistent embryonic bile ducts. It is important 
to note that DPM encompasses a continuum 
of phenotypes which reflect the level at 
which the developing biliary tree is affected.1 
This spectrum includes Caroli malformation 
(presented in this case), biliary hamartomas 
(also referred to as von Meyenburg com-
plexes), congenital hepatic fibrosis (CHF), 
and polycystic liver disease (PCLD).1,5 In 
cases of Caroli malformation, disruption oc-
curs at the level of segmental bile ducts (first 
branch of the hepatic duct), leading to large 
dilated/cystic persistent ducts. 

 
Figure 1-4. Liver, kitten.  There is bridging 
portal fibrosis entrapping markedly ectatic 
bile ducts (which measure up to 6mm in di-
ameter). (HE, 5X) 
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Figure 1-5. Liver, kitten.  Ectatic bile ducts are 
lined by hyperplastic epithelium and have a 
thick 1mm fibrous capsule. (HE, 44X) 

 

Few cases of DPMs have been reported in 
cats, including Caroli malformation with a 
portosystemic shunt,6 congenital hepatic fi-
brosis8 (see WSC 2019-2020, Conference 7, 
Case 1), bile duct hamartomas (see WSC 
2021-2022, Conference 1, Case 4), and poly-
cystic liver disease (often in combination 
with adult polycystic kidney disease).3,4 One 
retrospective study characterized clinical 
findings in 30 boxer dogs diagnosed with 
DPMs.5 In this study, the most common clini-
cal feature was increased liver enzymes 
(n=28/30), followed by gastrointestinal signs 
(n=16/30), poor body condition (n=14/30), 
abdominal effusion (n=9/30), and hepatic en-
cephalopathies (n=2/30); however, these 
changes are not unique to DPMs which can 
challenge clinical diagnoses. Such data is 
currently lacking in cats. 

Gallbladder atresia has also been reported in 
dogs with DPMs.5 In the presented case, the 
gall bladder was not identified with gross or 
histologic examination.  

In cases of congenital hepatic fibrosis (CHF), 
histopathologic findings include bridging he-
patic fibrosis, numerous irregular bile duct 
profiles, diminished or absent portal veins, 
and arteriolar reduplication. These histologic 
findings in addition to large, tortuous and 
cystic biliary ducts are termed Caroli malfor-

mation. DPMs lack nodular regeneration, cir-
rhosis, and cholangitis. Cytokeratin 19 
(CK19) is expressed in hepatoblast precursor 
cells and committed biliary epithelium and 
can be used as a marker to confirm cellular 
histogenesis in these cases.1,5  

Differential diagnoses include primary portal 
vein hypoplasia (PVHP), obstructive biliary 
disease, and lobular dissecting hepatic fibro-
sis (dogs only).  

Primary portal vein hypoplasia (PVHP): In 
DPMs, intrahepatic presinusoid hypertension 
may redirect portal flow away from the liver, 
resulting in an acquired portosystemic shunt. 
Therefore, decreased/absent portal veins with 
arteriolar reduplication can overlap between 
DPMs and PVHPs; however, cases of a 
PVHP often lack marked biliary hyperplasia, 
biliary ectasia, and periportal fibrosis.1,2  

Obstructive biliary disease: Similar to DPMs, 
obstructive biliary disease includes bile duct 
dilation and tortuosity; however, peribiliary 
fibrosis does not bridge portal regions, and 
the presence of periductal edema with in-
flammation are unique to obstructive biliary 
disease.5  

 
Figure 1-6. Liver, kitten.  A Masson’s tri-
chrome demonstrates the thickened capsule, 
fibrotic walls of ectatic bile ducts, and bridg-
ing portal fibrosis. (Masson’s trichrome, 40X) 
(Photo courtesy of:  Colorado State University 
Veterinary Diagnostic Laboratory, 
https://vetmedbiosci.colostate.edu/vdl/) 
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Lobular dissecting hepatic fibrosis: Lobular 
dissecting hepatic fibrosis is often accompa-
nied by nodular regeneration and cirrhosis, 
both of which are not features of DPMs.1,2   

 
Contributing Institution:  
Colorado State University Veterinary Diag-
nostic Laboratory 

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

 
JPC Diagnosis: 
Liver: Ductal plate malformation.  
 
JPC Comment:   
This week’s moderator was the renowned Dr. 
John Cullen who led participants through a 
liver-centric conference with 4 cases that em-
phasized careful review of the slide and tak-
ing a ‘census’ of liver features along the way. 

The contributor provides an excellent sum-
mary of ductal plate malformations in this 
first case. Dr. Cullen ultimately agreed that  

 

 

 

 

 

 

 

 

 

 

 

 

 

the features presented were likely consistent 
with Caroli’s disease, though there were sev-
eral important additional criteria to consider. 
Foremost, there was no evidence of obstruc-
tion and/or inflammation as an inciting cause 
for dilatation of the bile ducts which is an im-
portant rule out – this can be complicated as 
ascending infection often accompanies dis-
tension of the duct. That this cat was young 
(5 months) likely limited inflammation. In 
addition, as Caroli’s disease affects the large 
ducts specifically. . Figure 1-3 is supportive 
on its own for Caroli’s disease. Careful dis-
section of the entire liver with a good gross 
description is therefore advisable. Though a 
lack of a gallbladder is associated with DPMs 
resembling Caroli’s disease in dogs, gallblad-
der agenesis has been rarely reported in this 
condition in cats. 

Though the abnormal proliferation of biliary 
ductules in the fibrotic portal areas was an 
obvious feature of this case, the absence of 
portal vein profiles was a bit more subtle. Dr. 

Figure 1-7. Liver, kitten.  There is marked biliary hyperplasia in areas of portal fibrosis.  Portal areas 
contain numerous arteriolar profiles, but few discernable portal veins.  (HE, 300X) 
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Cullen emphasized reviewing multiple portal 
tracts as part of his census and specifically 
locating the portal vein, hepatic artery, bile 
duct, and lymphatics and comparing both 
larger tracts and smaller tracts for features. 
The latter is important for considering the 
branch level of primary portal vein hypo-
plasia as only secondary branches may be hy-
poplastic.  Additionally, the marked dilata-
tion of bile ducts was a helpful feature for 
this case, though the diagnosis of DPM writ 
large does not require this if there is modest 
dilation concurrent with portal vein hypo-
plasia. 

Finally, there are several ancillary features of 
this slide worth capturing. The thick hepatic 
capsule likely represents stretching of the 
liver and increased mechanical response. The 
marked dilatation of bile ducts increases in-
terstitial pressure which in turn allowed for 
leakage of fibrinogen in lymph and eventual 
conversion to the mature collagen seen in 
section. The degree of fibrosis present with 
Masson’s trichrome is notable (figure 1-6) as 
well, and indicates (in a very non-specific 
vernacular), impaired “cross-talk” between 
epithelial and mesenchymal tissues during in-
trahepatic biliary tree development.   Material 
within the ductular lumen stained with Alcian 
blue (i.e.  containing mucus), though ductular 
epithelial secretions are variable and include 
other constituents as well. 
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CASE II:  
 
Signalment:  
10-year-old, male neutered domestic cat, fe-
line (Felis silvester catus). 
 
History:  
This animal was referred to the veterinary 
clinic for weakness and abnormal vocaliza-
tions. At the clinical examination, severe pale-
ness of the external mucosae, asthenia and 
peritoneal blood effusion were detected. Com-
plete blood count and clinical chemistry  
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Figure 2-1. Liver, cat.  At subgross magnifica-
tion, there is a retiform pattern of pallor in 
centrilobular areas.  (HE, 5X) 

 
showed severe anemia and increased liver en-
zymes. On ultrasound examination the liver 
appeared moderately enlarged in size, with a 
coarse granular texture and slightly rounded 
margins. Liver biopsies were performed dur-
ing laparotomy for histological examination. 
 
Gross Pathology:  
At laparoscopy, it was referred that the liver 
appeared enlarged and on the surface there 
were multifocal dark-red lesions continuously 
draining blood (consistent with hemorrhages). 
 
Laboratory Results:  
Complete blood count revealed many abnor-
mal values, including WBC 19,30 x10^3/ul , 
Reference Intervals (RI) 5,00-11,00); RBC 
4,65 x10^6/ul (RI 5,00-10,00); MCH 17,80 pg 
(RI 12,50-17,50); MCHC 36,90 g/dl (RI 
29,00-36,00); RDW 22,70 % (RI 13,00-
17,00); HCT 22,50 % (RI 24,00-45,00); lym-
phocytes 8,40 % (RI 20,00-55,00); monocytes 
5,10 % (RI 1,00-4,00); eosinophils 17,50 % 
(RI 0,00-12,00); MPV 10,00 fl (RI 12,00-
17,00). Clinical chemistry showed creatine ki-
nase 928,50 U/l (RI < 250,00); AST 94 U/l (RI 
0 – 57); cholesterol 251,90 mg/dl (RI 56 – 
241,00), glucose 34,27 mg/dl (RI 61 – 
155,00); BUN 12 mg/dl (RI 13 – 31); iron 
76,77 ug/dL (RI 110,00 - 169,00). 
 
Microscopic Description: 
Liver: approximately 70% of the liver paren-
chyma is affected by multifocal to coalescing 

areas of moderate to marked sinusoidal dila-
tation of variable dimensions, irregular in 
shape and randomly distributed. Occasionally 
in these areas, loss of endothelial demarca-
tion is evident. Admixed with the dilated si-
nusoids and lacunae there are extravascular 
erythrocytes (hemorrhages), meshwork of eo-
sinophilic, amorphous and fibrillar material 
(fibrin and necrotic debris), few cytoplasmic 
and nuclear fragments of hepatocytes 
(hepatocytes necrosis and loss) and rare neu-
trophils characterized by variable pyknosis, 
karyolysis and karyorrhexis. In unaffected ar-
eas the hepatocellular cords are irregularly 
distributed and there is loss of lobular archi-
tecture. Immediately adjacent to these areas 
the hepatocytes show mild to moderate atro-
phy. In the rest of the section, the hepatocyte 
cords show irregular radial organization and 
mild thickening (2-3 layers) and hepatocytes 
are diffusely characterized by large cyto-
plasm containing mild to moderate amounts 
of optically empty microvacuoles (vacuolar 
degeneration with mild steatosis). The 
hepatocytes show frequent binucleation and 
occasional mitoses (hyperplasia). Further-
more, multifocally the blood lacunae extend 
to the subsurface and here the hepatic capsule 
is covered by a small amount of fibrin mixed 
with scant extravascular erythrocytes. Small 
hemorrhages are evident diffusely in the sub-
capsular-capsular tissue. In addition, multifo-
cally there is a mild hyperplasia of the lining 
mesothelium which is occasionally is distrib-
uted over two layers. 

Contributor’s Morphologic Diagnosis: 
Liver: Sinusoidal lacunae (blood-filled), mul-
tifocal to coalescing and random, moderate 
with heptacellular necrosis, loss, and atrophy 
with multifocal mild fibrinous perihepatitis, 
hemorrhage, and multifocal mild mesothelial 
hyperplasia.  

Contributor’s Comment:  

This case represents an unusual lesion that 
was not matching any specific entity. One  
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disease that was discussed as possible part of 
the diagnosis was hepatis peliosis which is 
what this case was submitted as.  

Hepatis peliosis is an uncommon condition of 
the liver characterized by the presence of nu-
merous blood-filled cystic spaces. These 
cystic spaces may be lined by endothelial 
cells (phlebectatic form), therefore indicating 
sinusoidal dilatation associated also with re-
ticulin alterations.6 Conversely, in the paren-
chymal form the cystic spaces are formed by 
necrosis of the hepatocytes and endothelial 
lining that can therefore be absent multifo-
cally.6 In both cases, grossly, the lesions are 
characterized by multifocal dark-red areas, 
variably sized, irregular, and well-circum-
scribed.6 These lesions are evident on the sur 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

face and deeply into the liver tissues, but su-
perficial severe bleeding is usually not de-
scribed. 

In our case, a parenchymal form was consid-
ered as more suitable because of the detected 
necrosis.  

Usually, hepatis peliosis is not associated 
with clinical alterations linked to liver dys-
function, whereas in our case an increase in 
liver enzymes and anemia were observed. For 
this reason, a primary necrotizing hepatitis 
with unusual and marked cystic sinusoidal di-
lation could not be ruled out as a diagnosis.  

Hepatis peliosis has been reported in cattle,11 
dogs,8,12 and cats.3 Its pathogenesis is still un-
known. In human medicine, this lesion is as-
sociated with the intake of some drugs and  

 

Figure 2-2. Liver, cat.  Within dilated sinusoids, there is abundant hemorrhage, fibrin and necrotic 
debris, few cytoplasmic and nuclear fragments of hepatocytes (hepatocyte necrosis and loss) and 
viable and necrotic neutrophils (HE, 200X)    (Photo courtesy of: Department of Comparative Biomed-
icine and Food Science, Viale dell’Università 15, 35020, Legnaro (PD), Italy; 
https://www.bca.unipd.it/)    
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infections such as Bartonella henselae and B. 
quintana.1 In humans and lab animals, in-
creases in vascular endothelial growth factor 
(VEGF) have been implicated in lesion de-
velopment.14 In addition, B. henselae infec-
tion notably leads to activation of hypoxia-in-
ducible factor-1 (HIF-1) which can induce a 
pro-angiogenic response in the host via 
VEGF and IL-8.10 In dogs, hepatis peliosis 
has been described in one case following di-
phacinone2 intoxication and in another case 
with B. henselae infection.9 In cats, this con-
dition is relatively common in elderly sub-
jects (particularly the phlebectatic form) and 
it seems that there is not a clear association 
with B. henselae infection.4 In cattle, a spe-
cific form of hepatis peliosis has been de-
scribed in animals poisoned by Pimelea 
plants.13  

In conclusion, this is an unusual case in 
which both necrosis and marked dilation of 
blood spaces (hepatis peliosis-like lesions) 
were detected. No additional analysis for  

 

 

 

 

 

 

 

 

 

 

 

 

 

infectious diseases or toxins were conducted 
for this case. 

 

Contributing Institution:  
Department of Comparative Biomedicine and 
Food Science, Viale  

dell’Università 15, 35020, Legnaro (PD), 
Italy; https://www.bca.unipd.it/ 

 
JPC Diagnosis: 
Liver: Sinusoidal dilation and hemorrhage, 
centrilobular, diffuse, severe, with hepatocel-
lular atrophy and necrosis and multiple sub-
capsular hematomas.  

 
JPC Comment:  
We thank the contributor for submitting this 
interesting case. Many conference partici-
pants weren’t initially sure what to make of 
the presentation, with the centrilobular to mi-
dzonal distribution of the necrosis leading 
some to consider a toxicant. We agree that 
hepatis peliosis is a excellent differential for 
this case; however, under the careful eye (and 
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immense expertise) of Dr. Cullen, we were 
able to arrive at a slightly different diagnosis 
however. 

As the contributor notes, the diagnosis of 
hepatis peliosis involves disruption of the re-
ticulin framework. Such changes were nota-
bly absent on our reticulin stain. In addition, 
Masson’s trichrome highlighted centrilobular 
fibrosis which was suggestive of a more 
chronic lesion. Moreover, hepatis peliosis 
changes should reflect a random distribution,  
whereas  the distribution of necrosis in the 
submitted sections was repeatable and spe-
cific in this case. For these reasons, we do not 
favor the contributor’s diagnosis and prefer a 
diagnosis of chronic sinusoidal outflow is-
sues (i.e. dilation and congestion).15,16 

An important ruleout for centrilobular necro-
sis is hypertension secondary to chronic pas-
sive congestion (right-sided heart failure), 
veno-occlusive disease, or thrombosis of the 
vena cava (e.g. Budd-Chiari syndrome).15,16 
Though the contributor did not report cardiac 
lesions in this cat, the hypereosinophilia 
noted on bloodwork is an interesting (if non-
specific) finding that could hint a Dirofilaria 
infection – heartworm has been described in 
cats in northern Italy.7 Thrombosis of the 
vena cava and veno-occlusive disease are 
both rare in cats.5 Mechanistically, the pro-
gression of hepatocyte loss to fibrosis accen-
tuates portal hypertension (and hypoxia) with 
subsequent atrophy and necrosis of remaining 
hepatocytes. An interesting ancillary feature 
of this case was numerous erythrocytes 
within the space of Disse. Conference partici-
pants felt that this likely reflected both endo-
thelial damage and increased sinusoidal pres-
sure. Erythrocyte extravasation may be en-
countered in cases with and without impair-
ment of venous outflow however.15  

Lastly, we briefly discussed the idea of a 
toxin in this case. There are several features 
that do not fit with acute intoxication, how-
ever. Histologically, atrophy, congestion, and 
fibrosis are not consistent with a single intox-
icating event despite the presence of hepato-
cyte necrosis. The low AST on this cat’s 
bloodwork also argues against this. Absent 
the other clinical data and history in this cat, 
a chronic intoxication with an acute disrup-
tion could present in this manner. 
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Figure 3-1. Liver and kidney, sheep.  Sections 
from these tissues are submitted for exami-
nation. (HE, 5X) 

 

CASE III:  

Signalment:       
Adult pregnant Texel sheep (Ovis aries). 
 
History:  
12 of ~1,500 sheep exhibited acute depres-
sion, red urine (hemoglobinuria), yellow dis-
coloration of the conjunctiva (jaundice), and 
died over a 10-month period. The sheep 
grazed on red clover and annual ryegrass, had 
access to foxtail millet and oat hay, and were 
supplemented with soybean meal, molasses, 
and slow-release urea. The flock was admin-
istered a multivalent vaccine to prevent clos-
tridial diseases, as well as anthelmintic drugs. 

Gross Pathology: 
The subcutaneous tissue and the abdominal 
and pericardial fat were slightly icteric, and 
the carcass had a brownish hue (presumably 
due to methemoglobinemia). Bilaterally, the 
renal parenchyma involving both the cortex 
and medulla showed a diffuse dark red to 
black discoloration (hemoglobinuric nephro-
sis). The urinary bladder contained ~3 mL of 
dark red urine (hemoglobinuria). The liver  
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Figure 3-2. Liver, sheep. There is diffuse ne-
crosis of centrilobular hepatocytes.  There is 
marked canalicular cholestasis as well.   

 

was diffusely tan. Additional changes in-
cluded mild ecchymoses in the serosa of the 
small and large intestine, abundant pink sta-
ble froth in the lumen of the trachea, extra 
and intrapulmonary bronchi with diffuse pul-
monary edema, and free dark, red-tinged 
fluid in the abdominal and thoracic cavities 
and pericardial sac (mild hydroperitoneum, 
hydrothorax and hydropericardium). Inci-
dentally, there were multiple, white, spherical 
to ovoid, 7-9 mm in diameter, solid nodules 
in the esophageal muscular layer morphologi-
cally resembling Sarcocystis gigantea cysts, 
and a few adult nematodes compatible with 
Trichuris sp. in the lumen of the colon. 

 
Laboratory Results: 
No laboratory tests were performed before 
autopsy. Aerobic and microaerobic bacterial 
cultures from lung, liver, kidney, urine, and 
colon were unremarkable. PCR, qPCR and 
direct fluorescent antibody test for Leptospira 
spp. from liver, kidney, and urine were all 
negative. A heavy metal screen was per-
formed in samples of liver and kidney with 
the following results: 
 
 
 
 
 
 
 

Analyte Liver 
 
Result Reference range 

Lead ND  <1 
Manganese 1.8  2-4.4 
Iron 400 30-300 
Mercury ND <1 
Arsenic ND <4 
Molybdenum ND <6 
Zinc 57 30-75 
Copper 867 25-100* 
Cadmium ND <2 

 

Analyte Kidney 
 
Result Reference range 

Lead ND  <1 
Manganese 1.2 0.8-2.5 
Iron 800 30-200 
Mercury ND <1 
Arsenic ND <1 
Molybdenum ND <2 
Zinc 43 20-40 
Copper 207 4-5.5* 
Cadmium ND <4 

ND: not detected. All values are expressed in 
ppm on a wet-weight basis. *>250 ppm in 
liver and >15 ppm in kidney is consistent 
with copper toxicity.  

Microscopic Description:  
Liver: hepatocytes throughout centrilobular 
and midzonal areas exhibit swelling, poorly 
defined cell boundaries, and vesicular nuclei 
(degeneration) or have shrunken hypereosin-
ophilic cytoplasm with angular borders and 
pyknotic nucleus or karyorrhexis (necrosis). 
Occasionally, necrotic hepatocytes are sur-
rounded by aggregates of neutrophils, macro-
phages and extravasated erythrocytes. He-
patic cords are distorted, and hepatocyte ori-
entation is altered, especially around the cen-
trilobular regions. Scattered in the paren-
chyma many hepatocytes and Kupffer cells 
contain cytoplasmic, finely granular, brown-
ish to gray material (interpreted as copper). 
Multifocally, a golden to orange amorphous  
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Figure 3-3.  Kidney, sheep.  Normal tubular 
architecture is altered with tubular lumina 
filled with protein and hemorrhage. (HE, 33X) 

 

pigment plugs the canaliculi (cholestasis). 
Portal regions are multifocally infiltrated by 
moderate numbers of pigment-laden macro-
phages and fewer lymphocytes. 

 

Kidney: diffusely, cortical and medullary tu-
bules, and glomerular filtration spaces are ec-
tatic, and contain eosinophilic proteinic mate-
rial/droplets and hyaline casts (consistent 
with hemoglobin). Cortical tubular epithelial 
cells exhibit a wide variety of changes in-
cluding foamy cytoplasm, tumefaction, nu-
clear swelling (degeneration), attenuation, or 
hypereosinophilic cytoplasm with pyknosis 
(necrosis) frequently involving entire seg-
ments of the tubules (tubulorrhexis). Multifo-
cally necrotic epithelial cells slough into the 
tubular lumen. Intracytoplasmic, coarse, 
granular, brown to black pigment (consistent 
with iron/hemosiderin) is widely distributed 
throughout the epithelium of the proximal tu-
bules. 

 

Contributor’s Morphologic Diagnosis:  
1. Liver: Hepatocellular degeneration and ne-
crosis, centrilobular to midzonal, acute, se-
vere, diffuse, with intracytoplasmic granular 
material (consistent with copper) in Kupffer 
cells and hepatocytes, canalicular cholestasis, 
moderate, multifocal, neutrophilic and histio-
cytic hepatitis and portal hepatitis.  

2. Kidney: Nephrosis (cortical tubular necro-
sis), acute, severe, diffuse with intratubular 
hyaline proteinic casts (consistent with hemo-
globinuria) and intracytoplasmic brown to 
black pigment (consistent with iron/hemo-
siderin) in proximal tubular epithelial cells.  
 

Contributor’s Comment:  
The diagnosis of copper poisoning was based 
on macroscopic and histologic pathological 
findings which clearly indicated an acute he-
molytic crisis coupled with markedly ele-
vated copper concentrations in the kidney 
and liver. Considering the severity and exten-
sion of the lesions, death was attributed to re-
nal and potential hepatic failure. 

Copper is a heavy metal and an essential mi-
croelement. It acts on cells in different bio-
chemical processes such as respiration, cate-
cholamine biosynthesis, iron metabolism by 
copper-dependent enzymes, elastin and colla-
gen formation, and melanin production.12 

Chronic copper poisoning is frequent in 
sheep, and it has been reported in most sheep 
rearing regions all over the world.9 It may oc-
cur with daily intakes of 3.5 mg of copper/kg 
when grazing pastures that contain 15-20 
ppm of copper (dry matter).5 Sheep are par-
ticularly susceptible to this condition because 
they are not able to increase copper biliary 
excretion as intake increases.7 Additionally, 
the protein that aids in the transport of copper 
in plasma (ceruloplasmin) possess a long 
half-life in sheep, thus increasing the time 
this mineral remains in the bloodstream.4 Alt-
hough all ovine breeds are susceptible to cop-
per poisoning, Texel sheep (as in this case) 
are among the most vulnerable.9 

Chronic copper toxicosis is usually the result 
of an excessive copper intake for a prolonged 
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period of time, often associated with contam-
ination of water sources, pasture, or rations.1 
Additionally, secondary factors such as low 
molybdenum, iron, or sulphate levels in the 
diet can increase copper absorption and accu-
mulation in the liver. In this case, ingestion 
of red clover (Trifolium pratense) could have 
predisposed this animal to retain excessive 
copper as clover can have elevated cop-
per:molybdenum ratios.5,10 Although molyb-
denum was not detected in liver and kidney 
of this sheep, the diet was not tested for mo-
lybdenum as would have been required to as-
sess molybdenum intake. 

Other factors including the ingestion of hepa-
totoxic plants such as those containing pyr-
rolizidine alkaloids (e.g. Senecio spp.) can in-
duce copper release from damaged hepato-
cytes, resulting in increased blood levels of 
copper and risk of hemolytic crisis.1,5 To the 
best of our knowledge, the sheep in this flock 
were not exposed to hepatotoxic plants. 
Stress resulting from starvation, vigorous ex-
ercise, transportation, handling, and/or ad-
verse weather conditions could elicit the he-
molytic crisis typical of copper poisoning.5 

When toxic quantities of copper are released 
into the bloodstream, intravascular hemolysis 
occurs due to a reduction of the antioxidant 
capacity of erythrocytes and lipid peroxida-
tion of their cell membrane. The resulting he-
moglobinemia ultimately leads to hypoxia 
and hemoglobinuric nephrosis.6,14  

Carcasses usually exhibit diffuse yellow dis-
coloration (jaundice) of the subcutaneous tis-
sue, fat and mucosae.1,13 The liver can be en-
larged and diffusely ochre/orange due to bile 
retention.1,5 The spleen is often enlarged, 
dark and soft.1,5 A black or dark red discolor-
ation is present in the kidneys (colloquially 
referred to as gunmetal kidneys).5,13 The  

 
Figure 3-4. Kidney sheep. Higher magnifica-
tion of affected tubular lumina, which con-
tain variable amounts of luminal protein and 
hemoglobin casts.  (HE, 147X) 

 

urine is also dark red, resembling port-wine 
due to hemoglobinuria.5,13  

Differential diagnoses for acute jaundice and 
hemoglobinuria/hemoglobinuric nephrosis in 
sheep include bacterial diseases such as ba-
cillary hemoglobinuria (Clostridium haemo-
lyticum) and eperythrozoonosis (Mycoplasma 
ovis), parasitic diseases such as bovine theil-
eriosis (Theileria lestoquardi, T. uilenbergior 
and T. luwenshuni) and babesiosis (Babesia 
ovis and B. motasi), and plant toxicoses (Al-
lium cepa and Brassica spp.). In lambs, lep-
tospirosis, yellow lamb disease (Clostridium 
perfringens type A), and type D enterotoxe-
mia (C. perfringens type D) should be con-
sidered as well.3,8  

Frequent histological findings of copper poi-
soning include centrilobular hepatocellular 
necrosis accompanied by pigment laden Kup-
ffer cells.6,14 Rhodanine stain can be used to 
highlight intracellular copper. Portal mixed 
inflammatory infiltrates are also common.1,6 
Renal lesions usually consist of acute tubular 
necrosis with intratubular eosinophilic 
casts.2,14 The deposition of iron-derived pig-
ments in the cortical tubular epithelial cells, 
as seen in this case, has not been frequently 
described in the literature. However, a case 
presented in a previous Wednesday Slide  
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Figure 3-5.  Kidney sheep.  Tubular lumina 
contain abundant protein or hemorrhage/he-
moglobin casts.  Tubular epithelium is vacuo-
lated and swollen with granular dark brown 
pigment or is necrotic with granular cyto-
plasm and sloughs into the lumen.  (HE, 555X) 

 

Conference (Case 1, Conference 14, WSC 
2010-2011) also described this finding. In our 
case, the heavy metal screen revealed that the 
iron levels in the kidney were markedly ele-
vated, with a less significant elevation in the 
liver. It is possible that, as intravascular he-
molysis progresses, heme iron is released into 
the plasma, filtered through renal glomeruli 
and captured by proximal renal tubules even-
tually leading to histologically visible iron 
deposits (hemosiderin), which could be high-
lighted using special stains such as Perl's 
Prussian blue.  

Unequivocal confirmation of copper toxicity 
requires determination of toxic copper levels 
in blood (>1.5 µg/ml), kidney (>15 ppm, wet 
weight) and/or liver (>250 ppm, wet weight), 
although it should be stressed that hepatic 
levels may decrease after copper is released 
into the bloodstream during the hemolytic 
crisis.5,11 

 
Contributing Institution:  
Plataforma de Investigación en Salud Ani-
mal, Instituto Nacional de Investigación 
Agropecuaria (INIA), La Estanzuela, Uru-
guay. 

 

JPC Diagnosis: 
1. Liver: Necrosis, centrilobular, diffuse, 
mild, with cholestasis and intracytoplasmic 
pigment.  

2. Kidney: Tubular degeneration and necro-
sis, acute, diffuse, severe, with hemoglobin 
and protein casts.  

 
JPC Comment:   
The contributor provides an excellent  case 
summary to accompany representative sec-
tions from the liver and kidney of this sheep. 
We agree that the changes in the kidney are 
severe, though the degree of necrosis within 
this section of liver is somewhat mild which 
surprised some participants. Possible expla-
nations include slide/sampling variation as 
well as the notion that hepatocytes are able to 
extract oxygen from the portal vein with in-
creasing efficiency during hypoxia. As such, 
they may be less immediately impacted by 
loss of erythrocytes/oxygen than the renal 
tubular epithelial cells supported by the vasa 
recta. 

Conference participants discussed features of 
copper metabolism (or lack thereof) present 
within the liver. The large number of bile 
plugs (canalicular cholestasis) is accompa-
nied by hepatocyte degeneration that is sec-
ondary to hypoxia and the growing anemic 
crisis. Together, these aspects highlight an in-
crease in heme breakdown to biliverdin that 
is combined with the inability of hepatocytes 
to secrete bile constituents effectively. 
Rhodanine staining highlighted copper within 
hepatocytes and Kupffer cells, though iron 
staining was largely unremarkable despite the 
degree of hemolysis and elevated blood iron 
concentration in this case, likely attributed to 
intra- versus extravascular hemolysis. Mas-
son’s trichrome showed some bridging fibro-
sis, though this is an expected and probably 
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unrelated finding in an aged, grazing sheep, it 
is possibly indicative of the typical secondary 
hepatocyte injury, often plant toxicity, that 
initiates the cascade of hepatocyte death and 
copper release leading to hemolysis. 

The changes in the kidney are classic in this 
case. We performed a Jones methenamine sil-
ver (JMS) and PAS stain to highlight the glo-
merular and tubular basement membrane – 
tubulorrhexis was not a feature of this case, 
however. We did not identify any copper 
within the kidney on rhodanine staining. Iron 
staining highlighted select renal tubular cells 
described by the contributor as containing he-
mosiderin; acid hematin is another differen-
tial to consider. 
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CASE IV:  

Signalment:  
4-year-old, female, Nevisian Donkey, Equus 
asinus, equine. 

 
History: 
This animal initially presented with a 1-
month history of chronic diarrhea and 
hyporexia. A fecal analysis returned a high  
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Figure 4-1.  Liver, donkey.  There are multifo-
cal to coalescing, white-to-tan nodules that 
are often depressed and infiltrate the hepatic 
parenchyma.  (Photo courtesy of: Department 
of Biomedical Sciences, Ross University 
School of Veterinary Medicine, St. Kitts, West 
Indies.  www.veterinary.rossu.edu) 

 

strongyle count and the animal was subse-
quently treated for parasites but, there was 
minimal clinical improvement. An abdominal 
ultrasound revealed significant peritoneal ef-
fusion, an abnormal appearance to the hepatic 
parenchyma, and an ill-defined mass caudal 
to the stomach that could not be distinguished 
as separate from the liver. Hematology, bio-
chemistry, and abdominal fluid analysis was 
performed - supporting a diagnosis of hepatic 
disease (see section on laboratory results). 
Subsequent therapy involved treatment with 
gentamicin and ceftiofur sodium, which was 
eventually discontinued when peritoneal fluid 
analysis was inconsistent with a peritonitis. 
Heparin therapy was also instituted to treat 
presumptive hepatic lipidosis. The donkey 
was found collapsed in sternal recumbency 
three days later and was euthanized on hu-
mane grounds. 

 
Gross Pathology:  
The abdominal cavity contains approximately 
9.5 L of light yellow, translucent, low-viscos-
ity fluid. Multiple (~5 mm) pale, firm raised, 
nodules are present throughout the perito-

neum, mesentery, serosal surfaces of the in-
testines and on the diaphragmatic surface of 
the spleen. The majority of the liver contains 
multifocal to coalescing, firm, white-to-tan, 
poorly demarcated nodules that measure 0.5-
2.5 cm and occasionally have central depres-
sions that are yellow and friable (necrosis). 
The remainder of the liver is pale yellow, fri-
able, and overall, the liver is enlarged with 
rounded edges.  

There is a large (approximately 20 cm x 10 x 
6 cm) multilobulated tan mass in the region 
of the pancreas along the greater curvature of 
the stomach. Intra-abdominal lymph nodes 
are diffusely enlarged and prominent, with 
multiple nodes having multifocal to coalesc-
ing white-yellow lesions expanding the pa-
renchyma with friable, yellow centers (necro-
sis). 

The lungs are diffusely wet and rubbery and 
have mild rib impressions. Similar nodular 
lesions to that seen in the abdominal cavity 
are present in the lungs. 

 
Laboratory Results: 
Initial hematology: 

Hyperproteinemia (9.0, RI:6.0-8.5g/dL), ane-
mia (PCV 26, RI: 32-48), lymphopenia (0.5, 
RI: 1.5-5.0 x103/μL), monocytosis (0.9, RI: 
0.0-0.6 1.5-5.0 x103/μL) 

Abdominal fluid analysis:  

Total protein 2.4 g/dL 

Nucleated cell count: 0.15 x103/μL 

Interpretation: Pure transudate 

Abdominal fluid culture: aerobic and anaero-
bic culture yielded no growth. 
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Biochemistry on the day of euthanasia: 

ALP 2261 50.0-170 U/L 
ALT 53 5.0-20.0 U/L 
GGT 2125 5.0-24.0 U/L 
Bile Acids 105 0.0-25.0 

μmol/L 
TBIL 0.8 0.5-2.4 mg/dL 
ALB 3.6 2.2-3.7 g/dL 
BUN 9 7.0-25.0 mg/dL 
CHOL 155 50.0-140.0 

mg/dL 
TRIGLYCERIDES >375 11-68 mg/dL 

 

Fungal culture of the mass yielded no 
growth.  

Aerobic and anaerobic bacterial culture of the 
mass yielded rare growth of mixed bacteria. 
Negative for Nocardia sp., Actinomyces sp. 
or Corynebacterium sp. No anaerobes were 
isolated 

 

 
Figure 4-2.  Liver, donkey.  There is a mul-
tilobular mass in the region of the pancreas 
along the greater curvature of the stomach.  
(Photo courtesy of: Department of Biomedi-
cal Sciences, Ross University School of Veteri-
nary Medicine, St. Kitts, West Indies.  
www.veterinary.rossu.edu) 

 
 
 
 

 
Microscopic Description:  
Liver: Effacing and replacing over 90% of 
the examined sections is a poorly demar-
cated, highly infiltrative, nonencapsulated ne-
oplasm composed of islands of neoplastic ep-
ithelial cells forming cords, islands and ducts 
supported by moderate-to-abundant fibrocol-
lagenous stroma. Neoplastic cells lining duc-
tal structures are predominately columnar 
with a distinct brush border, variable amounts 
of pale eosinophilic cytoplasm, and a basilar 
nucleus with coarse chromatin and up to two 
small nucleoli. In contrast, neoplastic cells 
forming cords and islands are often polygo-
nal with larger nuclei closely resembling 
hepatocytes. Anisocytosis and anisokaryosis 
are moderate and mitotic figures are rare. 
Rarely (and not in all sections), seemingly 
well-differentiated neoplastic hepatocytes ap-
pear to transition into neoplastic ductal struc-
tures. Within the neoplasm are multiple foci 
of coagulative necrosis and ducts are fre-
quently filled with sloughed epithelial cells, 
cellular debris, and eosinophilic secretory 
material. Thick bands of fibrovascular tissue 
(scirrhous response) surround and expand the 
proliferating neoplastic cells and are infil-
trated by low numbers of lymphocytes and 
plasma cells. The remaining, non-neoplastic 
hepatocytes have shrunken, pale eosinophilic 
cytoplasm and the hepatic capsule is thick-
ened by fibrous connective tissue and lined 
by plump mesothelial cells.  

Within sections of the pancreas, spleen, lung, 
and lymph node (not submitted) is a neo-
plastic process similar to that of the liver.  

Immunohistochemistry (IHC): Sections of 
the mass adjacent to the pancreas and within 
the liver were labeled for Cytokeratin-19, and 
Hepar-1. The neoplastic cells forming ductal 
structures labeled positive with CK19 and 
mostly negative for Hepar-1. However, in 
transition zones between neoplastic cells 
forming cords and resembling hepatocytes  
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Figure 4-3. Liver, donkey.  In this section of 
liver, normal hepatic architecture is replaced 
by a largely necrotic neoplasm.  (HE, 5X) 

 

and neoplastic ducts (presumably biliary) in-
dividual cells and clusters of cells in neo-
plastic ducts also labeled positive with 
Hepar-1.  

 
Contributor’s Morphologic Diagnosis:  
Liver: Carcinoma (suspect cholangiolocarci-
noma) 
 
Contributor’s Comment:  
This case proved particularly challenging due 
to the extent and size of transcoelomic meta-
static spread within the abdomen. The largest 
mass observed was in the region of the pan-
creas and this prompted the initial presump-
tive diagnosis of a pancreatic neoplasm. 
However, this was later disproven by micro-
scopic examination and immunohistochemis-
try of the liver which demonstrated rare tran-
sitioning of hepatocytes into neoplastic bili-
ary ducts which is more consistent with a he-
patic or biliary neoplasm. In either case, both 
primary hepatic and pancreatic neoplasms are 
rare in donkeys and horses.1,2,6  

A retrospective study of post-mortem find-
ings in donkeys with a mean age of 30.6 
years (n=1444) from the UK, found that only 
4.2% of those examined (60/1444) had ma-
lignant liver neoplasms (cholangiosarcoma or 
bile duct carcinoma) and none had evidence 
of pancreatic neoplasms.6 Similar findings 

were observed in a survey of donkeys diag-
nosed with neoplasia (n=125) in which 0.8% 
(1/125) were diagnosed with a primary he-
patic neoplasm (biliary carcinoma) and none 
had pancreatic neoplasms.2 Pancreatic adeno-
carcinoma in donkeys has only been reported 
twice in the literature with the diagnosis pri-
mary based upon location and appearance; no 
immunohistochemistry was performed in 
these cases.3,7  

Classification schemes of primary hepatic tu-
mors are not available for donkeys or horses 
but have recently been established in ca-
nines.9 In general, primary liver neoplasms 
are characterized as either hepatocellular, 
cholangiocellular or neuroendocrine. Mature 
hepatocytes and cholangiocytes are the pro-
posed origin of primary epithelial liver tu-
mors; however cholangiolocarcinomas are 
believed to originate from hepatic progenitor 
cells and have hepatocellular, ductular and 
cholangiocellular characteristics.4,9 Accord-
ing to the canine classification scheme, chol-
angiolocarcinomas differ from cholangiocel-
lular carcinomas morphologically due to the 
presence of central tubular structures sur-
rounded by solid areas with the appearance of 
hepatic cords or acini.9 Furthermore, IHC 
patterns typical of canine tumors are distinct 
with tubular structures labelling positive for 
Keratin-19, EMA/MUC-1 and CD10 while 
the solid hepatocyte-like areas were positive 
for Keratin-19 and negative for HepPar-1, 
EMA/MUC-1 and CD10. 

Though not a described entity in donkeys, 
this case most likely represents a cholangi-
olocarcinoma or less likely, a cholangiocellu-
lar carcinoma.  
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Figure 4-4.  Liver, donkey.  Neoplastic epithe-
lium forms tubules within large areas of ne-
crosis.  (HE, 314X) 

 
Contributing Institution: 
Department of Biomedical Sciences 

Ross University School of Veterinary 

Medicine, P. O. Box 334; Basseterre, St. 
Kitts, West Indies 

www.veterinary.rossu.edu 

 
JPC Diagnosis: 
Liver: Cholangiocellular carcinoma.  
 
JPC Comment:   
The final case of this conference is an inter-
esting neoplasm with several great gross pho-
tos. From subgross magnification, conference 
participants quickly identified invasive be-
havior and neoplastic spread through the ad-
jacent parenchyma, though evidence of lym-
phovascular invasion was less definitive. We 
repeated IHC for HepPar-1, CK7, and CK19 
and performed PAS-Alcian Blue and Mas-
son’s trichrome stains. IHC results were simi-
lar to the contributor – special stains high-
lighted mucus within neoplastic bile ducts 
and periductular fibrosis. Based on morphol-
ogy, we favored a malignant epithelial neo-
plasm of biliary origin (i.e. cholangiocarci-
noma). 

The degree of fibrosis (scirrhous response) is 
fairly mild in this case compared with other 

cholangiocarcinomas. Dr. Cullen again high-
lighted the relationship of biliary epithelium, 
mesenchyme, and myofibroblasts that was 
explored in Case 1. Rather than a ‘disjointed 
conversation’ leading to inappropriate prolif-
eration of bile ducts and connective tissue as 
was seen in ductal plate malformation, the 
phenotype in neoplasia is tilted in favor of 
collagen fiber deposition with ductular reac-
tion being a minor feature. 

Finally, Dr. Cullen weighed in on the idea of 
a cholangiolocarcinoma for this case. As the 
contributor hints at, exact definitions of this 
rare neoplasm are hard to come by with few 
published cases – as such, readers may bene-
fit from a quick review of Komuta et al4 
which has some excellent figures. MacSwee-
n's Pathology of the Liver (a veritable grail of 
hepatology) itself lacks a definition. Recently 
published human cases each differed in their 
microscopic descriptions of the tumor as 
well.5,7 The use of IHC is potentially chal- 

 
Figure 4-5. Liver, donkey. Immunohistochemi-
cal staining for CK19 demonstrates immuno-
positivity within the cytoplasm of neoplastic 
cells with ductal morphology. (anti-cy-
tokeratin 19, 400X) (Photo courtesy of: De-
partment of Biomedical Sciences, Ross Uni-
versity School of Veterinary Medicine, St. 
Kitts, West Indies.  www.veteri-
nary.rossu.edu) 

 

250



21 
 

lenging as ruling out metastatic adenocarci-
noma may be complicated by lack of com-
plete specificity. For example, many duct 
forming epithelia, as well as salivary epithe-
lium may react with CK7 and select GI epi-
thelial cells may be positive for HepPar-1. 
Hepatic progenitor cells may also variably 
express chromogranin A, similar to a biliary 
carcinoid. As such, we felt most confident 
that the neoplasm in this case had features 
supportive of a cholangiocarcinoma on H&E 
without IHCs to refute this interpretation.  
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CASE I:   

 

Signalment:  

20-year-old, male, African lion, Panthera leo, 

Felidae.  

 

History: 

This lion had a clinical picture characterized 

by mild bleeding in the oral cavity, which 

lasted approximately for two weeks, and had 

been associated with an increase of the volume 

of the mandible. After this time, hemorrhagic 

episodes were observed sporadically.  

 

Gross Pathology:  

During the examination of the mandible, there 

was a firm, irregular mass, approximately 3.0 

cm in length, with white areas interspersed 

with yellow foci located in the mandibula at 

the height of the lower left canine. Dental mo-

bility of mandibular canines and a fracture of 

the mandibular bone, near to the mental protu-

berance were noted.  

 

Microscopic Description:  

Histopathology of the mandible revealed a 

non-encapsulated, expansive and infiltrative 

mass consisting of markedly pleomorphic 

keratinocytes, arranged either in mantles or in 

solid nests, supported by moderate to large fi-

brovascular stroma. In the center of some of 

these nests, deposition of lamellar eosino-

philic material (keratin pearls) was noted and, 

occasionally, individual keratinocytes exhib-

ited dyskeratosis. These cells have polygonal 

contours, moderate to broad cytoplasm,  

 
Figure 1-1. Mandible, lion.  Within the frac-
tured mandible, there is a 3cm firm, irregular 
mass. (Photo courtesy of:  Federal Rural Uni-
versity of Pernambuco, www.ufrpe.br) 

 

slightly eosinophilic, and round to oval vesic-

ular nuclei with loose chromatin and 1 to 2 ev-

ident nucleoli. Moderate anisocytosis, aniso-

karyosis, and multifocal areas of intratumoral 

necrosis are noted. Mitotic counts are 2-4 mi-

tosis per higher magnification field (40X).  

 

Contributor’s Morphologic Diagnosis:  

Well-differentiated squamous cell carcinoma.  

 

Contributor’s Comment: 

Squamous cell carcinoma (SCC) is one of the 

main oral cavity tumors in domestic cats and 

may represent more than 60% of all oral tu-

mors in this species.1 In wild felids however,  
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Figure 1-2. Mandible, lion.  One section of 
mandibular mucosa is submitted for exami-
nation.  Extending downward from the mu-
cosa, there are numerous islands and trabec-
ular of neoplastic keratinizing squamous epi-
thelium. (HE, 5X) 

 

its description is sporadic and current records 

include tumors affecting the oral cavity of 

lynxes and ocelots,2-4 the ear of leopards,5,6 

the eyelid region of white tigers,7,8 the jaw of 

a Siberian tiger,9 and the leopard right hind 

limb.10 In Panthera sp. the diagnosis of SCC 

is better described in the snow leopard (P. 

uncia),11 in which cutaneous and oral SCCs 

can represent up to 9% of the causes of 

death.12  

The high frequency of papillomas and oral 

SCCs associated with the isolation of papillo-

maviruses in P. uncia strengthens the hypoth-

esis of the participation of viruses in the eti-

ology of SCC in large felids.12,15,16,20 Other 

potential factors that may be related to car-

cinogenesis of oral SCC in these animals in-

clude pollution of urban centers9 as well pre-

vious dental diseases.17,18 In large felids, the 

upper and lower incisors seem to show a ten-

dency for periodontal disease17,18 and are 

common sites of neoplasm growth in li-

ons.9,19,20 It is important to highlight that the 

captive environment can influence the 

formation of calculi and periodontal diseases 

in tigers and lions as compared to free-living 

species,18 which can favor the formation of 

pre-neoplastic lesions.  

The tongue and mandible seem to be im-

portant anatomical sites for SCCs in large fe-

lids, appearing as masses of rapid growth that 

are generally ulcerated and hemorrhagic with 

progressively infiltrative behavior. Micro-

scopically, features such as the formation of 

keratin beads and individual keratinization of 

keratinocytes favored the diagnosis of SCC, 

considering that they are classic findings of 

neoplasia in well-differentiated to moder-

ately-differentiated cases. Tumor expansive-

ness even favored bony lysis and cutaneous 

fistulation as identified in this case, whose 

clinical progression, degree of metastasis and 

evolution to death tend to be quite variable 

between species. 

As there are few reports in the literature on 

wild felids, there is no definitive parameter 

on the survival time in cases of oral SCC in 

these animals. In domestic cats, neither the 

size of the mass nor its location in the mouth 

seem to be associated with survival time.21 

Important differential diagnoses in lions in-

clude potential oral cavity tumors already re-

ported in the species, such as peripheral 

odontogenic fibroma, mucoepidermoid carci-

noma of the salivary gland, melanomas, he-

mangiosarcomas and fibrosarcomas.20,22-24 

 
Figure 1-3. Mandible, lion. Neoplastic squa-
mous epithelium extends downward in irreg-
ular trabeculae and islands from the oral mu-
cosa. (HE, 57X) 
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Contributing Institution:  

Federal Rural University of Pernambuco 

Laboratory of Animal Diagnosis 

Rua Dom Manoel de Medeiros 

Dois Irmaos, Recife, 52171-900 

Pernambuco, Brazil. www.ufrpe.br 

 

JPC Diagnosis: 

Mucosal surface (presumptive oral mucosa):  

Squamous cell carcinoma. 

 

JPC Comment:   

This week’s moderator was Major Anna 

Travis, JPC Chief of Education Operations 

who selected an eclectic group of cases for 

conference participants to consider.  

The contributor nicely summarizes oral SCC 

and oral pathology in non-domestic felids, to 

include a number of helpful references for 

those interested in reading further on this 

topic. Squamous cell carcinoma is the most 

common oral malignancy in all felids, includ-

ing non-domestic ones.20 Other notable oral 

predilections include FEPLOs in lions, oral 

papillomas in snow leopards, and eosino-

philic inflammation in tigers.20 

SCC remains a frequent WSC submission 

across species – the case discussion focused 

on associated general pathology features 

common across species, including keratiniza-

tion. Basal cells exhibit basophilia in part due 

to large numbers of free ribosomes producing 

keratin filaments (protein; tonofilaments) that 

give strength to the epidermal layer. In the 

stratum spinosum, an even greater proportion 

of tonofilaments are bundled to form tono-

fibrils that interface with a greater number of 

desmosomes which further enhances tissue 

strength.25 In the granular layer, keratohyalin 

granules containing profilaggrin serve to bind 

tonofibrils into larger macrofibrils. Squamous 

cells subsequently lose cellular organelles 

and nuclear contents as they transition to the 

stratum corneum.25 As such, SCC represents  

 
Figure 1-4. Mandible, lion.  High magnifica-
tion of neoplastic squamous epithelium.  
Within the center of nests, neoplastic cells of-
ten become individualized.  (HE, 57X) 

 

aberrancy of ordered keratinization as was 

evident in this case. 

Conference participants discussed the exact 

location of this neoplasm as they lacked the 

terrific gross image for this case provided by 

the contributor. While the lack of adnexal 

units and presence of a non-keratinizing 

(lacking keratohyalin granules) epithelium 

were suggestive of the oral cavity, MAJ 

Travis reminded participants to also consider 

the pharynx, conjunctiva,esophagus, rectum, 

vulva, and even vagina as potential locations 

(although in felids, the oral mucosa is by far 

the most common location for this neo-

plasm). 
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CASE II:  

 

Signalment:  

Adult, female, Sprague-Dawley rat (Rattus 

norvegicus) 

 

History:  

An adult, female, Sprague-Dawley rat, be-

longing to an intentional breeding colony 

was presented for diagnostic investigation 

of hind limb paresis.  This animal had been 

fed Certified Rodent Diet 5002 (PMI 

Feeds, Inc) and given municipal water ad 

libitum, and only used for intravenous ad-

ministration training without any active 

pharmaceutical ingredient.  All procedures 

performed on the animal were in accord-

ance with regulations and established 

guidelines reviewed and approved by an 

Institutional Animal Care and Use Com-

mittee.   

 

 
Figure 2-1.  Lymph nodes, rat.  Cervical and 
mandibular lymph nodes are enlarged and 
greenish.  (Photo courtesy of:  Pfizer Drug 
Safety Research and Development, 
https://www.pfizer.com/partners/research-
and-development).  
 

 
Figure 2-2. Sternum, rat.  A section of ster-
num is submitted for examination.  Neo-
plastic cells efface the marrow of the sterne-
brae and extend through the cortex into the 
adjacent skeletal muscle.  (HE, 11X) 

Gross Pathology:  

A gross examination revealed enlargement 

and greenish discoloration of multiple lymph 

nodes, including iliac, inguinal, mesenteric, 

popliteal, and mandibular lymph nodes.  The 

spleen was also enlarged and the femoral 

bone marrow appeared green.  A comprehen-

sive set of tissues were collected in 10% neu-

tral buffered formalin.  All collected tissues 

were routinely processed and stained with he-

matoxylin and eosin (H&E) for light micro-

scopic examination. 

 

Microscopic Description: 

Sternum, bone marrow: Neoplastic cells had 

large, vesicular nuclei that varied in shape 

from round, segmented, lobulated, to ring 

shaped, and contained a small amount of 

slightly eosinophilic cytoplasm.  They were 

noncohesive and arranged in diffuse sheets.  

There were approximately 5 mitotic figures 

per high power (400X magnification) field 

noted in the neoplastic cells in the bone mar-

row.  Throughout the sheets of neoplastic 

cells in many of the affected tissues, there 

were small to moderate numbers of scattered 

large macrophages that contained phagocyt-

ized apoptotic cell debris.  

Neoplastic cells completely replaced the nor-

mal hematopoietic elements in the medullary 

cavity of the sternum and had infiltrated into 

the surrounding bone, skeletal muscles, and 

joints. 
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Representative sections were selected for 

Iba-1 and MPO (myeloperoxidase) immuno-

histochemistry (IHC). Immunohistochemi-

cally, neoplastic cells within the bone mar-

row had strong cytoplasmic immunoreactiv-

ity for MPO, which is the hallmark of the 

myeloid lineage.  Cellular debris-laden mac-

rophages scattered throughout the sheets of 

neoplastic cells had strong membranous im-

munoreactivity for Iba-1, a macrophage 

marker.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Contributor’s Morphologic Diagnosis: 

Sternum/Bone marrow, myeloid leukemia in 

a Sprague-Dawley Rat 

 

Contributor’s Comment:  

The current case was diagnosed as myeloid 

leukemia based on the characteristic cytologi-

cal morphology and immunohistochemistry 

profile of the neoplastic cells. Various 

amounts of nuclear indentation noted among 

neoplastic cells was indicative of granulo-

cytic differentiation and was suggestive of a 

more chronic leukemic process. Diffuse im-

munoreactivity of neoplastic cells for MPO  

Figure 2-3.  Bone marrow, rat. Neoplastic cells have large, vesicular nuclei that varied in shape 

from round, segmented, lobulated, to ring shaped. Note there are scattered apoptotic figures. 

(HE, 400X)   (Photo courtesy of:  Pfizer Drug Safety Research and Development, 

https://www.pfizer.com/partners/research-and-development) 
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Figure 2-4.  Bone marrow, rat. Neoplastic 
cells have strong expression of cytoplasmic 
myeloperoxidase. (anti-MPO, 400X)   (Photo 
courtesy of:  Pfizer Drug Safety Research and 
Development, https://www.pfizer.com/part-
ners/research-and-development) 
 

indicated that the cells stemmed from mye-

loid lineage because MPO is expressed by 

myeloid cells at all stages.   

Massive inflammatory reactions to lesions in 

the skin or internal organs can stimulate com-

pensatory myelopoiesis and result in remark-

able extramedullary hematopoiesis and/or 

myeloid hyperplasia in the spleen and other 

organs as well as bone marrow, mimicking 

myeloid leukemia. The current case was dif-

ferentiated from those compensatory reac-

tions to inflammatory stimuli based on its in-

vasive growth pattern, destruction of bone 

tissue associated with bone marrow prolifera-

tion, and the absence of inflammatory le-

sions.4,6  

The macroscopic finding of green discolora-

tion observed in the enlarged lymph nodes 

and bone marrow of the rat described in the 

current case report is associated with chloro-

mas in humans, which has been described as 

a mass composed of immature granulocytic 

cells. This tumor occurs primarily in patients 

with myelogenous leukemia and typically has 

a green color caused by high levels of 

myeloperoxidase in those immature granulo-

cytic cells.2 

In the current case, the neoplasia was multi-

centric and with an invasive growth pattern.  

The presenting clinical finding of hind limb 

paresis was ascribed to extensive infiltration 

of neoplastic cells from the bone marrow 

through adjacent bones, joints, and skeletal 

muscles in the hind limb region. There was 

no evidence of tumor cell infiltration into the 

spinal cord or brain sections examined. 

Hyaline droplets occurred in the renal proxi-

mal tubules in the current case. Hyaline drop-

lets are known to accumulate in the identical 

segments of renal tubules in rats with a dif-

ferent neoplasm, histiocytic sarcoma.  These 

droplets have been identified as lysozyme, 

which is a major secretory product of mono-

cytes and macrophages.3 It is important to 

note that IBA1 immunohistochemistry results 

demonstrated that apoptotic figures scattered 

throughout the sheets of neoplastic cells were 

cellular debris-laden macrophages.  As with 

lysozyme in the case of histiocytic sarcoma, 

excessive production of this protein by acti-

vated macrophages is considered to be the 

likely cause of renal accumulation. 

 

Contributing Institution:  

Pfizer Drug Safety Research and Develop-

ment 

455 Eastern Point Rd.,  

Groton, CT 06340 

https://www.pfizer.com/partners/research-

and-development 

 

JPC Diagnosis: 

Bone marrow and skeletal muscle:  Myeloid 

leukemia. 

 

JPC Comment:  

We agree with the contributor that the tissue 

submitted represents a hematopoietic neo-

plasm for the histologic features they so 

nicely capture in their discussion. Conference 

participants honed in on infiltration of the  
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Figure 2-5.  Bone marrow, rat. Scattered large 
macrophages that contain phagocytized 
apoptotic cell debris (apoptotic figures) have 
strong membranous expression of Iba-1  
(anti-IBA1, 400X)  (Photo courtesy of:  Pfizer 
Drug Safety Research and Development, 
https://www.pfizer.com/partners/research-
and-development) 

 

surrounding adipose tissue and muscle by ne-

oplastic cells as well as the effacement of the 

marrow cavity and loss of trabecular and cor-

tical bone as major features of this case.  

We performed IHCs for IBA1, myeloperoxi-

dase, lysozyme, CD3, CD33, CD34, CD56, 

CD117, PAX5, as well as an EBER ISH. We 

confirmed the background of tumor-associ-

ated macrophages with IBA1 (while also rul-

ing out histiocytic sarcoma), though our re-

sults for MPO, lysozyme, CD33, and CD34 

were equivocal and we could not reproduce  

the contributor’s IHC result. Curiously, we 

did note moderate immunoreactivity of neo-

plastic cells for CD3 and CD56 which sug-

gests a potential (although we feel unlikely) 

potential T-lymphocyte origin for these cells, 

though our lab is not optimized for rodent 

IHCs. As such, we rendered a H&E diagnosis 

for the case. ISH and other IHCs for this case 

were unremarkable. 

We previously covered hyaline droplets in 

rodents in a recent (WSC 24-25, Conference 

6, Case 1) which featured a histiocytic 

sarcoma within the kidney itself. We also 

considered myeloid leukemia in that case – 

incidentally, the morphology of neoplastic 

cells is very similar. Ruleouts for hyaline 

droplets include histiocytic sarcoma,3 lym-

phoma,1 chronic progressive nephropathy, 

and alpha-2u globulin nephropathy.5  
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CASE III:  

Signalment:       

Juvenile, female, giant Pacific octopus (En-

teroctopus dofleini) 

 

History:  

This giant Pacific octopus arrived at the sub-

mitting zoo after an extended period at an 

outgoing airport. During the first week at the 
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zoo, the animal was eating well but was stay-

ing at the bottom of the enclosure. Shortly 

thereafter, the octopus stopped eating and 

was found to have several injuries consistent 

with self-mutilation and damage by the co-

habitant anemones. Water quality was within 

normal limits. The octopus was found de-

ceased a few days later. 

 

Gross Pathology: 

Macroscopic lesions included skin erosions 

and ulcerations and distal limb amputations. 

The digestive gland was uniformly soft, tan-

pink, and bulging on cut section. There were 

no significant macroscopic lesions of the re-

nal appendages. 
 

Laboratory Results: 

Aerobic culture of the digestive gland yielded 

Carnobacterium sp. (1+ mixed) and Vibrio 

sp. (4+ predominant). 

 

Microscopic Description:  

Renal appendage: The renal appendage is 

composed of folds and tubules lined by sim-

ple columnar epithelium supported by a fi-

brovascular stroma and separated by venous 

sinuses. The epithelial cells are large, with 

basal nuclei, mild apical vacuolation, and a 

brush border. Anisocytosis and anisokaryosis 

of the renal epithelial cells is moderate to 

marked. Copious globular, eosinophilic mate-

rial is present within tubule lumina, and ho-

mogeneous, eosinophilic secretory product 

multifocally fills sinus lumina. Along the epi-

thelial surfaces, there are innumerable cross-

sectional and tangential profiles of multicel-

lular, vermiform organisms at various stages 

of maturation, with no apparent associated in-

flammatory reaction. The organisms measure 

approximately 25 to 100 micrometers in di-

ameter and consist of a central axial cell en-

veloped completely by a layer of ciliated pe-

ripheral cells. Several large peripheral cells 

with short or inapparent cilia comprise the 

anterior ends of the organisms (interpreted as  

 
Figure 3-1. Renal appendage, octopus. One 
section of renal appendage is submitted for 
examination. (HE, 7X) 

 

the calotte), which commonly abut the renal 

epithelial cells and obscure the brush border. 

At these sites, the epithelial cells are variably 

attenuated. Within the axial cell cytoplasm in 

a majority of the organisms, there are one or 

more developing embryos and single cells 

(agametes or fertilized eggs). The developing 

embryos are multicellular, often organized 

into an elongate structure or forming a round 

to oval cluster of cells (vermiform and infu-

soriform embryos). 

 

Contributor’s Morphologic Diagnosis:  

Renal appendage: intraluminal dicyemid or-

ganisms, widespread, marked, chronic 

 

Contributor’s Comment:  

The renal organs of octopuses consist of 

folded tissue that protrudes into the renal sac. 

The degree of tissue folding generally in-

creases with the size of the organism and in-

creases excretory capacity.10 The folds form 

tubules lined by a simple columnar epithe-

lium and separated by sinuses that originate 

from the vena cava. Within the tubule and re-

nal sac lumina, one may find a variety of 

worm-like dicyemid organisms that are often 

attached to the renal epithelium without elic-

iting an inflammatory response.1,3 

Dicyemids (phylum Dicyemida) are mesozo-

ans found within the renal organs of many 

cephalopod species, and were an incidental 

finding in this giant Pacific octopus (Enter 
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octopus dofleini). Dicyemids have been vari-

ably described as endosymbionts and as en-

doparasites, as they attach to the renal epithe-

lium of the host, absorb nutrients from the 

urine through their peripheral cells, and can 

be present in large numbers. Regardless, they 

have not been shown to damage the renal or-

gans or be detrimental to the host.1 Their pos-

tulated benefits include acidification of the 

urine to aid excretion of ammonia and 

maintenance of urine flow by their ciliary 

movements.1,10,14 

 

There are 149 documented dicyemid species 

to date, all of which exhibit a remarkably 

simple body plan that left many questions 

about their evolutionary origins.15 They were 

initially classified as mesozoa for presump-

tively representing an intermediate between 

protozoa and metazoa. While the phyloge-

netic particulars of these organisms are argu-

ably uncertain, current evidence indicates  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

they arose from metazoan ancestors as a re-

sult of evolutionary simplification with ge-

nome reduction.4,14 

 

The dicyemid life cycle consists of vermi-

form and infusoriform stages. Mature dicye-

mids are vermiform and exist within the renal 

organ as a nematogen, a primary rhombogen, 

or a secondary rhombogen.11 These adults 

possess a central axial cell with intracytoplas-

mic agametes that is fully surrounded by 8 to 

30 ciliated peripheral cells. Four to ten pe-

ripheral cells at the anterior aspect of the or-

ganism form a calotte, which interacts with 

the host renal epithelium.15 

 

Nematogens reproduce asexually. An agam-

ete within the axial cell cytoplasm develops 

into a vermiform embryo, which then exits 

the adult through a gap between peripheral 

cell membranes or by penetrating a periph-

eral cell.12,13 The vermiform larva matures 

into either another nematogen or a primary 

Figure 3-2. Renal appendage, octopus.  Within the sinus lumina, there are numerous cross- and 

tangential sections of multicellular, vermiform organisms at various stages of maturation, with no 

apparent associated inflammatory reaction. The organisms measure approximately 25 to 100 mi-

crometers in diameter and consist of a central axial cell enveloped completely by a layer of ciliated 

peripheral cells. (HE, 202X) 
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rhombogen and remains within the host. In 

contrast, primary rhombogens and secondary 

rhombogens, which transition from nemato-

gens rather than mature from vermiform lar-

vae, reproduce sexually. An agamete within 

the axial cell develops into an infusorigen, a 

hermaphroditic gonad that gives rise to oo-

cytes and spermatocytes. Fertilization results 

in development of infusoriform embryos, 

which escape the parent organism in a man-

ner similar to vermiform embryos.10 While 

the vermiform stages are confined to the re-

nal organs, infusoriform larvae can exit the 

renal organ, escape the original host, and 

eventually infect a new host by an unknown 

mechanism.12 Many dicyemid species exhibit 

high host specificity, and two or three species 

are commonly found within a single cephalo-

pod host.15 

 

Vermiform larvae exhibit a body plan similar 

to the adults. Contrarily, infusoriform larvae 

are composed of a higher number and greater 

variety of cells, resulting in diverse body or-

ganizations of at least 14 different cell types.8 

The number of peripheral cells in the adults, 

the shape and organization of the calotte, the 

number of total and peripheral cells in vermi-

form embryos, and the number and organiza-

tion of cells in infusoriform embryos are spe-

cies-specific.7-9,12 Distinguishing between di-

cyemid species, rhombogen and nematogen 

forms, and vermiform and infusoriform em-

bryos in routine histologic sections seems 

quite challenging, and may be best attempted 

using tissue smears and particular fixation 

and storage techniques. 

 

Contributing Institution:  

University of Minnesota Veterinary Diagnos-

tic Laboratory 

https://vdl.umn.edu/ 

 

JPC Diagnosis: 

Renal appendage: Nephritis, hemocytic, 

acute, multifocal, mild with vasculitis. 

 
Figure 3-3.  Renal appendage, octopus.  There 
is hemocytic vasculitis within the hemolym-
phatic vessels.  (HE, 200X) 

 

JPC Comment:   

We thank the contributor for sharing this 

unique tissue with us in conference. Inverte-

brate pathology was a recent focus of Veteri-

nary Pathology2 and the present section is an 

opportunity to build familiarity both with in-

vertebrate anatomy and a common back-

ground commensal organism in octopuses. 

Additionally, tissue (digestive gland) from 

this case was also presented at the 2024 Da-

vis-Thompson Foundation Invertebrate His-

tology Seminar – Dr. Elise Ladouceur was 

one of the moderators and weighed in simi-

larly on this case. 

The contributor provides a terrific summary 

of dicyemid background biology and inter-

section with normal octopus physiology. Alt-

hough not a lesion per se, recognizing these 

as normal organisms and avoid diagnosing 

pathologic parasitism merits discussion 

among a wider audience. Conference partici-

pants hotly debated how to best capture the 

role of dicyemids in this case. As we typi-

cally do not create morphologic diagnoses for 

non-lesions, we were rescued in this case by 

a less prominent pathologic finding. None-

theless, we concur with the presence of renal 

dicyemids, a routine finding in octopuses that 

should not be interpreted as a lesion.   Dr. La-

douceur also noted that reduced numbers or  
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Figure 3-4.  Renal appendage, octopus.  There 
are scattered foci of hemocytic inflammation 
within the parenchyma of the renal appen-
date.  (HE, 400X) 

 

absence of renal dicyemids may represent 

loss of fitness, though this remains specula-

tive. 

Although somewhat subtle, there was also 

evidence of multifocal inflammation in the 

renal appendage. This was likely secondary 

to bacterial sepsis, consistent with the con-

tributor’s aerobic culture of the digestive 

gland which yielded both Carnobacterium 

and Vibrio species. Hemocytic inflammation 

effaced the walls of hemolymphatic vessels 

and was associated with karyorrhexis, con-

sistent with vasculitis. Although not part of 

the reviewed tissues, follow up with the con-

tributor confirmed that this animal had severe 

interstitial inflammation in the digestive 

gland centered on gram negative, curved ba-

cilli which was consistent with Vibrio spp. 

infection. Vibrio spp. have been frequently 

isolated from skin lesions and/or organs or 

fluid (hemolymph) of larval, juvenile, and 

adult octopuses.5,6 Additionally, other bacte-

ria associated with mortality and sepsis in oc-

topuses include Pseudomonas spp. and Aer-

omonas spp.,5,6 though discerning the ability 

of these bacteria to cause primary disease, es-

pecially in mixed bacterial culture with Vib-

rio, remains uncertain. Preventative health 

measures such as tank cleaning and water 

quality management remain important con-

siderations for captive cephalopod hus-

bandry.6 
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Figure 4-1.  Ovary, dog.  One section of ovary 
is submitted for examination.  At subgross 
magnification, normal ovarian architecture is 
lost.  There are numerous cysts measuring up 
to 5mm in diameter scattered throughout the 
section, and at least two neoplasms are visi-
ble (at upper left and lower right).  (HE, 5X) 

 

CASE IV:  

Signalment:  

12 years old and 3 months, female (neutered), 

Golden retriever, Canis lupus familiaris, ca-

nine 

 

History: 

The animal was surgically treated with ovari-

ohysterectomy due to pyometra. Both ovaries 

and uterus were formalin-fixed and submitted 

for histopathological examination. 

 

Gross Pathology:  

Macroscopically, right and left ovary ap-

peared to be increased in size. Right ovary 

was 3x5 cm and left ovary was 8x6 cm. In 

addition, both uterus and ovaries had multiple 

nodules and cysts, the latter containing mac-

roscopically transparent fluid. 

 

Laboratory Results: 

Below is a table reporting the results of the 

immunohistochemical analysis (Tab. 1). 
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Microscopic Description:  

Right ovary:  

Continuous with the ovarian surface epithe-

lium, occupying 20% of the section and re-

placing the normal ovarian tissue, there is a 

moderately cellular, not well demarcated, 

non-encapsulated and non-infiltrative neo-

plastic population. The neoplasm is charac-

terized by endophytic and esophytic tubular 

and tubulo-papillary structures, associated 

with moderate to abundant ovarian fibrovas-

cular stroma. Tubules are occasionally ectatic 

and contain a moderate amount of often ho-

mogeneously eosinophilic amorphous mate-

rial.  

Neoplastic cells are cuboidal to columnar 

with indistinct cell borders, scant eosino-

philic cytoplasm and round to oval (10 um) 

eccentrically located nuclei with finely stip-

pled chromatin and mainly 1 distinct nucleo-

lus.  Anisocytosis and anisokaryosis are mild. 

Mitoses are rare (< 1 per hpf).  

Close to this neoplasm, multifocally collid-

ing, there is a second densely cellular, well- 

 

 

 

 

 

 

 

 

 

 

 

 

 

demarcated, non-encapsulated and infiltrative 

neoplasm occupying 40% of the section. The 

neoplasm is characterized by sheets of cells 

admixed with a very fine and scant fibrovas-

cular stroma.  

Neoplastic cells are irregularly round with 

distinct cell borders (up to 20 um), moderate 

to abundant occasionally granular slightly eo-

sinophilic cytoplasm, occasionally showing 

single to multiple large empty well-defined 

vacuoles.  

The nucleus is round to oval, rarely megalic 

(macrokaryosis) with finely stippled chroma-

tin and 1 distinct nucleolus. Anisocytosis and 

anisokaryosis are moderate with occasional 

bi and multinucleation. Mitoses are on aver-

age 2-4 per high power field.  

Multifocal mild hemorrhages are evident, as 

well as disseminated single cell necro-

sis/apoptosis. Entrapped in the neoplasm, 

there are occasional ectatic and cystic tubular 

structures lined by a cuboidal to flattened epi-

thelium. 
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Figure 4-2.  Ovary, dog.  One neoplasm is 
composed of germ cells arranged in sheets 
(dysgerminoma) (HE, 60X) 

 

At the periphery of both the neoplasms and 

close or involving the rete ovarii, multiple var-

iably-sized ovarian and para-ovarian epithelial 

and vascular cystic spaces occasionally con-

taining a variable amount of slightly eosino-

philic amorphous material are also observed. 

Close to the cystic portion, occupying 20% of 

the section there is a densely cellular, well de-

marcated, non-encapsulated and non-infiltra-

tive neoplasm. The cells form mainly nest and 

tubular structures, the latter mainly with small 

lumens (microfollicular), separated by varia-

bly sized bands of scant fibrovascular stroma. 

Neoplastic cells are irregularly oval to elon-

gated with indistinct cell borders, moderate 

eosinophilic fibrillar to vacuolized cytoplasm 

with small (5-7 um) hyperchromatic round to 

oval nuclei. Anisocytosis and anisockryosis 

are mild. Neoplastic cells focally surround mi-

crocavities containing intensely eosinophilic 

amorphous material (Call-Exner bodies). Mi-

toses are rare (<1 per hpf). Multifocal haem-

orragic lacunae are also present.  

 

Contributor’s Morphologic Diagnosis:  

Right Ovary: papillary adenoma, dysger-

minoma and granulosa cell tumor associated 

with multiple ovarian and para-ovarian cysts.   

 

Left ovary (not submitted): dysgerminoma 

 

Uterus (not submitted): cystic endometrial 

hyperplasia and purulent endometritis 

Contributor’s Comment:  

This was a very unusual case of three differ-

ent tumors in the same ovary of an adult fe-

male dog. 

Ovarian tumors are described as a frequent 

condition in female dogs, but epidemiologi-

cal data are incomplete. They occur more of-

ten in older animals, and usually are noted 

due to behavioral changes. Additionally, lac-

tation and vaginal discharge can also be pre-

sent. They also can be associated with ovar-

ian cysts and with uterine lesions such as 

cystic endometrial hyperplasia and pyom-

etra.9,16 

 

Typically, ovarian tumors grow as single sub-

type either monolaterally, or less often, bilat-

erally with the latter being mainly represented 

by sex cord stromal tumors.9 Only rare cases 

of simultaneous neoplastic lesions of different 

cell of origin have been described in ovaries. 

To our knowledge, there is only one case re-

port of a concomitant teratoma and granulosa 

cell tumor growing distinctively into the two 

ovaries of an English Bulldog.8 

 

 
Figure 4-3. Ovary, dog.  Neoplastic germ cells 
demonstrate moderately pleomorphic nucle-
oli. (HE, 585X) 
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Papillary adenoma is a benign tumor of the 

surface epithelium mainly described in the 

bitch. Usually at the cut surface there are mul-

tiple small cysts which are a feature of this 

type of tumor.5 The neoplasm can be smooth 

and nodular, or when arising on the surface, 

give the ovary a cauliflower-like appearance. 

There is scant connective stroma and the pa-

pillary projections are lined by small cuboidal 

to cylindrical cells that may have cilia. Mitotic 

figures are rare.12 Papillary adenocarcinoma is 

the malignant counterpart of benign papillary 

adenomas.5 Size is an important criterion of 

malignancy. Tumors that extend through the 

opening of the ovarian bursa are likely to be 

malignant and spread by implantation to the 

peritoneal surface. The surface of an adeno-

carcinoma tends to be shaggy, and it is the 

fronds that break off and give rise to meta-

static implantations. This tumor is similar in 

origin and appearance to its benign counter-

part, and distinguishing between them can be 

difficult. Additional criteria for malignancy 

are increased mitotic activity, invasion into the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ovarian stroma, and extension into the ovar-

ian bursa.12 Based on features in this case, we 

favored a papillary adenoma. 

 

Dysgerminoma is a tumor that develops from 

germ cells before differentiation. It has been 

recognized most often in the bitch, but is much 

less common in female dogs than the male tes-

ticular counterpart (i.e. seminoma). Dysger-

minomas are malignant and may metastasize 

or spread locally, but early spread is not com-

mon. Histologically, there are no defined cri-

teria to predict tendency to metastasize.12 Dys-

germinomas are composed of a uniform pop-

ulation of large round cells with clear or light-

staining amphophilic cytoplasm. The nuclei 

are centrally located and contain abundant 

granular chromatin and either one or two 

prominent nucleoli. Mitotic figures are often 

numerous, and incomplete division of tumor 

cells may result in multinucleated giant cells. 

Individual tumor cells may undergo necrosis, 

leaving a distinctive clear space. The stroma is  
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Figure 4-4.  Ovary, dog. Adjacent to the dys-
germinoma, there is a papillary adenoma 
with hyalinized stroma.  (HE, 53X) 

 

usually light and may be infiltrated with lym-

phocytes.12 

 

Granulosa cell tumors are composed primarily 

of cells that resemble the granulosa cells of the 

ovarian follicle. They can develop from ovar-

ian remnants and be either benign or malig-

nant. The tumor often contains cells of the 

theca interna and fibroblasts. In the bitch, they 

are slightly less common than epithelial tu-

mors of the ovary.12 Steroidogenesis may be 

associated with granulosa cell tumors. Either 

estrogens or androgens can be produced, 

though not all granulosa cell tumors are hor-

monally active. Inhibin is regularly produced 

by granulosa cell tumors in the mare and is 

thought to be the cause of atrophy of the con-

tralateral ovary.12 Only rarely do granulosa 

cell tumors metastasize in cows or bitches, and 

such reports are even rarer in mares.12 Neo-

plastic granulosa cells have spherical-to-oval, 

hyperchromatic nuclei, distinct nucleoli, and 

scant eosinophilic cytoplasm. The common 

patterns are follicular (microfollicular and 

macrofollicular), insular, trabecular, and dif-

fuse. Often a combination of patterns exists in 

a single tumor. Call-Exner bodies, which are 

distinctive microcavities that contain watery 

or hyaline eosinophilic material and occasion-

ally pyknotic nuclei are surrounded by granu-

losa cells in a rosette arrangement. These are 

seen most often in the microfollicular pattern. 

Some granulosa cell tumors, particularly those 

in the bitch, develop a tubular pattern similar 

to that of the Sertoli cell tumor of the testis, 

and like Sertoli cell tumors some of these 

granulosa cell tumors induce a dense fibrous 

stroma. Theca cells may also be present in 

granulosa cell tumors. Either or both cell types 

may be luteinized.12 

 

Expression markers of different normal ovar-

ian cell type (Table 2) can be helpful to char-

acterize tumors of different origin particularly 

when less differentiated as also reported in Ta-

ble 1. The tumors reported in this case pre-

sented a IHC phenotype resembling what re-

ported into the literature for the studied mark-

ers (Table 1).  

 

In addition to the markers performed by our 

laboratory, CK7, PLAP and inhibin could also 

be performed to further confirm the tissue 

origin of the identified neoplasms.1,2,5,6,10,11,12  

 

 

Contributing Institution: 

Department of Comparative Biomedicine and 

Food Science (Università of Padua)  

Viale dell’Università, 16 (35020), Legnaro 

(PD), Italy  

https://www.bca.unipd.it/ 

 

 
Figure 4-5. Ovary, dog. Within the adenoma, 
epithelial cells are cuboidal, bland, and 
demonstrate no definitive evidence of infil-
trative growth or cellular features of malig-
nancy.  (HE, 263X) 
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Figure 4-6.  Ovary, dog. A third neoplasm fea-
turing cuboidal to columnar cells in tubules is 
present (granulosa cell tumor).  (HE, 55X) 

 

JPC Diagnosis: 

1. Ovary: Dysgerminoma.  

2. Ovary: Papillary adenoma. 

3. Ovary: Granulosa cell tumor. 

4. Ovary: Cysts, multiple. 

 

JPC Comment:   

The final case of this conference features four 

separate entities to describe. Conference par-

ticipants noted one or more neoplasms and 

cysts, though only a select few were tena-

cious enough to identify all 3 neoplastic cell 

populations. This is a unique slide that is a 

microcosm of ovarian neoplasia – it is a fine 

companion to the analogous testicular tumor 

case we reviewed in WSC 24-25 Conference 

10 (Case 2 – also from a dog). 

We agree with the contributor that multiple 

different ovarian neoplasms is not a common 

finding in the dog. Ovarian neoplasia itself is 

relatively rare in dogs, representing approxi-

mately 1-2% of all neoplasms.14,15 Arriving at 

3 separate neoplasms in a single ovary likely 

represents the confluence of multiple rare 

outcomes. That the contralateral ovary in this 

case (not included with this slide) also had a 

dysgerminoma could reflect either metastasis 

or a separate neoplasm arising spontaneously 

– the submission materials leave this aspect 

of the case open. 

Identification of a granulosa cell tumor was 

straightforward in this case with recognition 

of Call-Exner bodies and fibrous tissue septa 

being helpful correlates. The intersection of 

the dysgerminoma and the adenoma is intri-

guing, but the two neoplasms are easily dis-

tinguished from each other.  .We considered 

the possibility of a ovarian carcinoma in this 

case, however, definitive areas of stromal in-

vasion are not evident in these sections.   

Lastly, we agreed with the contributor that 

there are multiple cysts present in this case, 

though we did not attempt to further classify 

each one, especially in light of the three dis-

tinct neoplasms in the surrounding tissue.  

Cystic structures arising from the ovary in-

clude cysts of the rete ovarii, subsurface epi-

thelial structures, and follicle. Paraovarian 

cysts are located in tissue adjacent to the 

ovary and include remnants of the mesoneph-

ric duct, paramesonephric duct, and meso-

nephric tubule.13 Features such as the pres-

ence of ciliated epithelium, smooth muscle in 

the cyst wall, and a basement membrane can 

be used to distinguish these diagnoses.13 Lo-

cation (if known) is also helpful discrimina-

tor.  

 

 
Figure 4-7.  Ovary, dog.  Granulosa cells are 
present within tubules.  They often palisade 
along basement membranes, and in some ar-
eas, surround hyaline eosinophilic material 
(Call-Exner bodies).  (HE, 385X) 
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CASE I:   
 
Signalment:  
Adult male limousine bull, (Bos taurus) 
 
History: 
Unknown. 
 
Gross Pathology:  
Post-mortem examination revealed: 

• Diffuse alopecia and lichenification and 
multifocal erythematous nodules (Fig. 1) 

• Multifocal granulomatous scleritis and 
conjunctivitis (Fig. 2) 

• Multifocal granulomatous orchitis (Fig. 
3) 

No other macroscopic lesions were present. 
 
Microscopic Description:  
Epiglottis: Multifocally, in the lamina propria 
and within the mucous gland interstitial tis-
sue, a moderate number of round, 400µm in 
diameter, protozoal cysts are visible. Cysts 
are composed of a multilayer wall; the fol-
lowing wall parts are recognizable: an exter-
nal fibrillary host ‘collagen layer; a thick, ho-
mogenous eosinophilic outer layer; and a thin 
inner layer composed host cell cytoplasm, 
containing multiple flattened nuclei with 
prominent nucleoli. The parasitophorous vac-
uole within the host’s cell cytoplasm is 
250µm in size, and contains a large number 
of densely packed, 3-5 µm crescentic brady-
zoites (Figure 4). The inflammation around 
the cysts is almost absent or minimal, and 
mainly composed of macrophages.  

 
Figure 1-1. Haired skin, ox.  The skin over the 
caudal hind legs is alopecic and markedly 
thickened. (Photo courtesy of:  Laboratoire 
d’Histopathologie animale, Vetagro Sup, 
Campus vétérinaire, www.vetagro-sup.fr) 

 

Contributor’s Morphologic Diagnosis:  
Epiglottis: epiglottitis, granulomatous, multi-
focal, minimal, with moderate number of 
protozoal cysts; etiology consistent with 
Besnoitia besnoitii, bovine. 
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Figure 1-2. Eye, ox. There are numerous 
protozoal cysts within the sclera (arrows). 
(Photo courtesy of:  Laboratoire 
d’Histopathologie animale, Vetagro Sup, 
Campus vétérinaire, www.vetagro-sup.fr) 

 

Contributor’s Comment: 
Besnoitia spp are obligatory intracellular 
apicomplexan protozoal parasites belonging 
to the Sarcocystidae family. Several species 
have been identified, affecting both wild and 
domestic animals. (Table 1) 

Besnoitia besnoiti is the causative agent of 
bovine besnoitiosis. The parasite is present 
worldwide.  Bovine besnoitiosis has an out-
sized economic impact because of mortality, 
which can reach up to 10% of clinically in-
fected animals in Africa. Similarly, poor 
body condition of surviving animals may re-
sult in culling or decreased market value.6 
The disease presents seasonal variations, but 
this does depend on the geographical region 
of affected animals.6,8 Sex predisposition is 
also variable;8 young adults are more affected 
by the severe clinical forms than animals of 
less than 18 months or older than 4 years.6   

The life cycle of Besnoitia is known only for 
4 species, for which felidae were recognized 
as the definitive host.5,8 For the other in-
stances which include Besnoitia besnoitii, the 
definitive host, mode of transmission, and 
pathogenesis are not completely understood.8 
In the species for which life cycle is known, 
the parasite is located in the intestine and the 

sporulated oocysts are released with feces. 
The exact mode of transmission is unknown, 
though blood-sucking insects and direct 
transmission between intermediate hosts are 
considered possible routes.6,8 In the first 
phase of intermediate host infection, tachyzo-
ites replicate in endothelial cells, monocytes, 
and neutrophils. They then move into periph-
eral tissues where they invade fibroblasts, 
myofibroblasts, endothelial cells, and/or 
smooth muscle cells and form bradyzoite-
containing cysts. This  intracellular replica-
tion induces profound changes in the hosting 
cell with development of parasitic cysts. The 
definitive host is infected by ingesting cysts 
containing tissues.8 

Bovine besnoitiosis has acute, subacute and 
chronic phases. In the acute phase, tachyzo-
ites replicate within endothelial cells, causing 
vasculitis and thrombosis. Clinically, fever, 
anorexia, rhinitis, conjunctivitis and photo-
phobia, subcutaneous edema and peripheral 
lymph node hypertrophy can be observed. In 
the subacute phase, tachyzoites move to pe-
ripheral tissues and invade mesenchymal 
cells. Small cysts can be seen in the sclera, 
and chronic dermatitis starts to develop. The 
chronic form is linked to cysts maturation 
and eventually associated inflammation.  

 
Figure 1-3. Testis, ox. There are numerous 
foci of granulomatous inflammation surro-
dunding protozoal cysts within the testis. 
(Photo courtesy of:  Laboratoire d’Histopa-
thologie animale, Vetagro Sup, Campus vété-
rinaire, www.vetagro-sup.fr) 
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Figure 1-4. Epiglottis, ox. One section of epi-
glottis is submitted for examination. (HE, 5X) 

 

Chronic dermatitis with alopecia and licheni-
fication are often present and they can be ag-
gravated by secondary cutaneous bacterial 
and fungal infections. Sterility, due to previ-
ous inflammatory reaction and vasculitis in 
the testis, can also be observed.2,3,6  

Acute besnoitiosis is difficult to diagnose, 
while in chronic cases the histologic evidence 
of intra-cellular cysts is pathognomonic.4 To-
day, no treatments exists.6 

Grossly and histologically, the most affected 
organs are skin, upper respiratory mucosae, 
sclera and conjunctiva, and muscular and tes-
ticular connective.2,6 Cysts can measure up to 
0.5mm, being visible as small nodules at na-
ked eye.1,8  

Histologically, in the acute phase, moderate 
perivascular infiltrates composed of lympho-
cytes, plasma cells, macrophages and eosino-
phils are present in the dermis. Dermal 
edema is a consistent finding though hemor-
rhages are variable. Few tachyzoites can be 
visible in parasitophorous vacuoles within 
endothelial cells: they have a crescentic 
shape with an eosinophilic cytoplasm. Never-
theless, they can be better identified by im-
munohistochemistry.4  

In the subacute and chronic phases, edema 
and vascular lesions regress and cysts form. 

Cyst development is characterized by an in-
crease in intracellular zoite number, host cell 
modifications (including increase in size, 
multinucleation, anisokaryosis, and promi-
nent nucleoli) and development of a cyst 
wall. At the end of their maturation (34-50 
days post seroconversion), cysts can be up to 
400µm in size, and their size is correlated to 
their age.1,4 The cyst wall is formed by 4 lay-
ers comprising an outer condensed collagen 
layer, an eosinophilic 30µm thick layer, a 
thin homogenous basophilic layer (not al-
ways visible, especially in older cysts), and a 
rim composed of scant cytoplasm containing 
multiple enlarged nuclei. The multilayer wall 
lines a parasitophororus vacuole containing 
many basophilic bradyzoites.4 The inflamma-
tory reaction is almost absent however. When 
present, especially secondary to cyst ‘rupture, 
it is composed of macrophages, lymphocytes 
and plasma cells with few eosinophils. In the 
skin, cysts are mainly located in the papillary 
dermis.1,4,8 

 

 
 

 

 

 

Table 1.  
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Figure 1-5. Epiglottis, ox. There are numerous 
apicomplexan cysts within the submucosa of 
the epiglottis. (HE, 146X) 

Contributing Institution:  
www.vetagro-sup.fr 
 
JPC Diagnosis: 
Epiglottis: Epiglottitis, granulomatous, multi-
focal, mild, with apicomplexan cysts. 

 
JPC Comment:  
This week’s moderator was Dr. Corrie Brown 
from the University of Georgia who focused 
on infectious and transboundary diseases 
with conference participants. Although the 
Wednesday Slide Conference archives are 
(thankfully perhaps) not replete with Foreign 
Animal Disease examples, Dr. Brown none-
theless selected four cases to delve into com-
parative pathogenesis. 

In this first case, the contributor provides  
several interesting gross images which are 
characteristic of Besnoitia infection. Confer-
ence participants were not entirely sure of tis-
sue identification for the submitted histologic 
image, though the presence of tissue cysts, 
their predilection for the epiglottis, and a 
large wedge of cartilaginous tissue were 
helpful landmarks. Bradyzoites within tissue 
cysts were readily apparent on H&E alone, 
though PAS was similarly useful. In some 
smaller cysts, cell nuclei were still visible 
and peripheralized by parasitophorous vacu-
oles containing bradyzoites. Although not 
stated by the contributor, the presence of 

cysts within both connective tissue and 
glands suggests that one or more of fibro-
blasts, myofibroblasts, or endothelial cells 
were the site of tachyzoite replication in this 
case. 

Similar to other emerging diseases, Besnoitia 
has been increasingly identified within Euro-
pean cattle, to include further northern loca-
tions such as Ireland.9 As biting insects may 
play a role in the transmission of these proto-
zoans, both prolonged periods of warmer 
temperatures and extreme temperatures due 
to global climate change likely aid in sus-
tained development and dispersion of 
Stomoxys and Tabanus.  

Dr. Brown emphasized the viewpoint of 
small-scale animal agriculture (i.e. ‘small-
holders’10) and the stakes at play in trans-
boundary diseases. As each individual animal 
may represent significant economic value 
from production of meat, milk, and/or fiber, 
the impact of Besnoitia can be felt several 
times over. Though death is the most severe 
loss for smallholders of affected animals, loss 
of productivity (meat, milk) as well as poor 
quality hide in surviving animals is also a 
loss of income. Likewise, permanent infertil-
ity of bulls may rob smallholders of a  

 
Figure 1-6. Epiglottis, ox. High magnification 
of a 250um apicomplexan cyst.  The cyst is 
typical of  Besnotia with a 5-10 um thick rim 
of host cell cytoplasm with multiple enlarged 
but flattened nuclei which in turn surround a 
parasitophorous vacuole containing numer-
ous, densely packed crescentic 3-5 um brady-
zoites. (HE, 560X) 
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prosperous future. Therefore, understanding 
and control of these diseases plays an im-
portant role in global food security and over-
all stability. 
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CASE II:  
 
Signalment:  
Twin Oberhasli goat fetuses (kid A, kid B), 
Capra aegagrus. 

 
History:  
Received for necropsy examination in Febru-
ary were the bodies of twin Oberhasli goat 
fetuses (kid A, kid B) with placenta, report-
edly stillborn/abortion. The history as stated 
by the submitter stated site of occurrence in 
San Pedro Valley River area of Arizona in 
the United states. Site on river, with a mas-
sive mosquito problem every year, also possi-
ble ticks; do treat to prevent but not usually 
effective. Unknown breeding date but doe 
was approximately 1-2 weeks from kidding 
based on ligaments starting to soften. Herd of 
10, goats in good nutritional status. Put into 
fresh pasture 3 days prior to abortion with 
belly-high weeds, suspect mustard weed yel-
low flowers; pasture during day, hay at night, 
mineral supplement once weekly, dewormed 
twice annually, CDT immunization annually 
in March. Tested for Q fever, Caseous Lym-
phadenitis, Caprine Arthritis Encephalitis vi-
rus annually with specialty laboratory. These 
are the first kids born pre-term on farm in 20 
years. Q fever reported in animals at another 
farm in area previously with one noted hu-
man testing positive from incident. Farm is a 
closed site, goats are inbred with only 1 buck,  
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Figure 2-1. Metencephalon, kid.  One section 
of the cerebellum and brainstem are submit-
ted for examination.  The cerebellum is mildly 
hypoplastic with decreased thickness of folia 
which collapse on themselves.  There is dif-
fuse vacuolation of the brainstem paren-
chyma with marked dilation of axonal 
sheaths.  (HE, 6X) 

 

two generations inbred; buck is sire of dam 
and of preterm kids. Buck has malformed 
head. Fetal bodies may be bruised due to doe 
pawing aggressively at them.  

 
Gross Pathology:  
Examined are twin goat fetuses (kid A, kid 
B) and placenta, all of which are in good 
post-mortem condition. Kid A is a 4 lb. fe-
male with a 47 cm crown to rump length that 
is well-haired across the body surfaces. Kid 
A has mild vascular congestion of the menin-
ges but is otherwise unremarkable on exter-
nal evaluation. Kid B is a 4.5 lb. male with a 
37.5 cm crown to rump length that is well-
haired across the body. Kid B has prominent 
brachygnathism (craniofacial deformity). 
There is widespread, moderate edema of the 
body wall as well as a large amount of par-
tially clotted blood free within the peritoneal 
cavity (maternal or partum induced trauma 
vs. tissue edema & hemoperitoneum). The 
placenta is 0.75 lb. and appears complete, 

with no grossly evident lesions; environmen-
tal debris is present on surfaces. 

 
Laboratory Results:  
Bunyavirus & Cache Valley Virus gel-based 
PCR, Liver/Lung/Placenta (Texas Veterinary 
Medical Diagnostic Laboratory): Cache Val-
ley Virus detected. 

Coxiella burnetii Q Fever rtPCR, Pooled 
Liver/Lung/Placenta (Texas Veterinary Med-
ical Diagnostic Laboratory): Not detected. 

Abortion Panel Livestock Bacterial Culture, 
Pooled Liver/Lung/Placenta (Texas Veteri-
nary Medical Diagnostic Laboratory): Mixed 
bacterial growth, negative specialized culture 
for Brucella sp. and negative specialized cul-
ture for Campylobacter sp. 

Trace Mineral Panel, Liver (Texas Veterinary 
Medical Diagnostic Laboratory): cobalt 0.16 
ug/g (no reference range), copper 267.42 
ug/g normal (normal: 100-600), iron 324.53 
ug/g normal (normal: 200-520), manganese 
14.54 ug/g normal (normal: 8.0-24.0), molyb-
denum 0.85 ug/g below normal (normal: 
>1.24 ug/g), selenium 2.32 ug/g normal (nor-
mal: 1.00-4.80), zinc 252.55 ug/g normal 
(normal: 100-480). 

 

 
Figure 2-2. Metencephalon, kid. Higher magni-
fication of the dilated axon sheaths within the 
brainstem.  (HE, 44X) 
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Figure 2-3.  Brainstem, kid. Brainstem nuclei 
are hypocellular with marked loss of neurons 
and dilation of axon sheaths at right.  (HE, 
248X)  

 
Microscopic Description: 
Brain: The brainstem, and to a lesser extent 
the cerebellum, has variably mild to marked 
rarefaction of the neuropil, expanded clear 
Virchow Robin spaces, white matter dilated 
axonal tracts rarely containing swollen axons, 
rare random small areas with loss of cellular-
ity with small basophilic aggregates, and var-
iably diminished to normal nuclear density 
within the granular layer of the cerebellum 
(kid B). The grey matter of the cerebrum ap-
pears hypercellular with areas of diminished 
or loss layering (kid A, kid B). There is mild 
to moderate vascular congestion throughout 
the brain (kid A, kid B). 

Placental meconium staining noted (not rep-
resented on JPC WSC slide submission). No 
significant lesions noted on histologic evalua-
tion of major organs from kid A, kid B. 

 

Contributor’s Morphologic Diagnosis: 
Brain: Rarefaction, hypoplasia, degeneration, 
locally extensive, grey and white matter, 
brainstem and cerebellum, marked (kid B) 

Contributor’s Comment:  
Gross, microscopic, and molecular diagnos-
tics collectively confirmed Cache Valley vi-
rus in this case. Cache Valley virus (CVV) 
belongs to the viral family Bunyaviridae, ge-

nus Orthobunyaviridae, serogroup Bunyam-
wera.3 Cache Valley virus, Akabane virus, 
and Schmallenberg virus are each members 
of the genus Orthobunyaviridae. Orthobun-
yaviruses are usually maintained through ar-
thropod-vertebrate-arthropod cycles.3 These 
viruses have a notable tropism for fetal tis-
sues.3 In utero infection by these viruses 
causes prenatal losses and congenital deform-
ities, including arthrogryposis and lesions in 
the brain ranging from hydrocephalus to hy-
dranencephaly in certain mammalian 
hosts.3,4,6  

Cache Valley virus is most frequently re-
ported in sheep, but has been reported in 
other mammalian species.3,4 Cache Valley vi-
rus has been reported as a cause of embry-
onic losses, fetal malformations, abortions, 
and stillbirths in sheep and goats.1,3,4,6 Inves-
tigations on in utero infection of ovine fe-
tuses show highest mortality with infection 
between 27-35 days gestation, highest inci-
dence of congenital anomalies at 36-45 days 
gestation.6 Typical of orthobunyaviruses, 
Cache Valley virus is transmitted to mam-
mals by infected carrier arthropod vectors, 
with the viral identification confirmed in cer-
tain mosquitoes as well as biting midges 
broadly across North America.3,4,6  
 

 
Figure 2-4.  Cerebellum, kid. Cerebellar folia 
are markedly thinned, largely as a result of 
diminished nuclei within the granular layer.  
(HE, 146X)  
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Humans may potentially be infected if bitten 
by infected arthropod vectors, but direct 
mammal to mammal transmission has not 
been identified. Overall reported cases of 
Cache Valley virus causing clinical disease in 
humans is rare.7 

 
Contributing Institution:  
Arizona Veterinary Diagnostic Laboratory 

https://azvdl.arizona.edu/  

 
JPC Diagnosis: 
Metencephalon: Neuronal necrosis and loss, 
multifocal, severe, with cerebellar hypoplasia 

 
JPC Comment:  
We thank the contributor for sharing this case 
with us. In particular, the long clinical history 
made for a good discussion of differentials 
and assessment of overall slide features. The 
group discussed ruminant abortion at length. 
Although Cache Valley virus was not among 
the group’s morphologic diagnoses based on 
review of the slide alone, other similar agents 
such as border disease (pestivirus) and 
caprine arthritis encephalitis (lentivirus) were 
popular picks. 

We differed from the contributor in our mor-
phologic diagnosis concerning the matter of 
myelination. The asymmetry in measured 
crown-rump length is interesting and sug-
gests that one twin likely died several weeks 
before its sibling and the accompanying abor-
tion. Dr. Brown weighed the potential lack of 
myelination within the developing brain of 
this fetus (i.e. myelination occurs in greater 
proportion later in development) as another 
possible interpretation of the rarefaction that 
is evident from subgross. Additionally, the 
lack of spheroids (axonal degeneration corre-
late) is suggestive that few mature axons had 
yet developed in this animal. Nonetheless, we 
were surprised at the lack of overt autolysis 
in the brain given the timeline we inferred.  

 
Figure 2-5.  Cerebellum, kid. There are large 
gaps in the Purkinje cell layer and focal 
Purkinje cell necrosis (arrow).  (HE, 477X)  

 

We agreed with the contributor’s assessment 
of cerebellar hypoplasia in this case. From 
subgross, folia were small with thin layers 
and increased space between folia were sug-
gestive of this decrease in size. The accompa-
nying necrosis, degeneration, and loss of 
Purkinje neurons reinforced this interpreta-
tion. Subsequently, grey matter neurons were 
also affected.  

The pathogenesis and early lesions of CVV 
have been previously described.5 Key gross 
findings included spinal deformity, ar-
throgryposis and oligohydramnios. Key mi-
croscopic findings in fetuses include necrosis 
in the central nervous system and skeletal 
muscle of 7 to 14 days postinfection, and hy-
drocephalus, micromyelia, and muscular loss 
after 21 to 28 days postinfection.5  

The epidemiology of CVV remains incom-
pletely understood, to include major trans-
mission vectors and amplifying hosts across 
regions of North America.2 The role of cli-
mate change in distribution of CVV across 
wider geography is speculative, though CVV 
isolation from mosquito vectors is more com-
mon later in the season (late summer and 
early fall).2 Longer periods of warmer 
weather may also extend the breeding period 
for reservoir hosts and increase the number of 
naïve hosts to propagate the virus further.  
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CASE III:  

Signalment:  
6-week-old, crossbred pig, Sus scrofa domes-
ticus 
 

 
Figure 3-1. Lung, pig.  Gross appearance of 
the lungs from a pig experimentally 
inoculared with HPAI.  The section was taken 
from the tip of the right cardiac lobe 
(arrows). (Photo courtesy of: USDA/ARS-
National Animal Disease Center, 1920 Dayton 
Avenue, Ames Iowa 50010) 

 

History:  
Pig from an experimental inoculation study.  
 
Microscopic Description:  
Lung.  Section of lung in which there is mini-
mal to mild dilation of bronchi and bronchi-
oles.  These airways are empty or partially 
filled by fibrin, neutrophils, cell debris and 
macrophages.  The airway epithelium is seg-
mentally eroded in multifocal areas and small 
amounts of cell debris cover these regions.  
Other bronchi and bronchioles are lined by 
hypertrophied epithelial cells with large, non-
basilar nuclei and occasional mitotic figures 
(epithelial regeneration). In these conducting 
airways, there are intraepithelial lymphocytes 
and neutrophils. The lamina propria of some 
bronchi have minimal to mild infiltrates of 
lymphocytes and plasma cells. Some bronchi, 
bronchioles, small arteries, and veins have 
mild to moderate adventitial infiltrates of  
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Figure 3-2.  Lung, pig.  There are multifocal to 
coalescing areas of peribronchial hypercellu-
larity and atelectasis, as well as diffuse thick-
ening of alveolar septa throughout the sec-
tion.  (HE, 7X) 

 

lymphocytes and plasma cells that occasion-
ally form nodular aggregates. There is multi-
focal minimal to moderate thickening of al-
veolar septae commonly around airways due 
to mild multifocal hyperplasia of type II cells 
and infiltrates of lymphocytes and macro-
phages.  The alveolar lumens of multiple lob-
ules contain seroproteinaceous fluid, cell de-
bris, fibrin, occasional macrophages, and 
neutrophils. The interlobular septae are ex-
panded by clear space (edema) and a mixed 
inflammatory infiltrate composed predomi-
nately of lymphocytes, macrophages, and 
plasma cells.  

 
Contributor’s Morphologic Diagnosis:  
Lung:  Mild to moderate multifocal acute ne-
crotizing bronchitis and bronchiolitis with 
moderate to marked peribronchiolar and 
peribronchiolar interstitial pneumonia 
 
Contributor’s Comment:  
The lung in this case featured macroscopic 
lesions consistent with influenza A virus in-
fection and was from a pig experimentally in-
oculated with a highly pathogenic strain of 
avian influenza (HPAI; A/bald eagle/Flor-

ida/W22-134-OP/2022; Genotype B1.1) be-
longing to the goose/Guangdong 2.3.4.4b he-
magglutinin phylogenetic clade. This clade 
has caused mass mortality events in avian 
and mammalian species across the globe 
since 2022.2,3,5,15  The transcontinental circu-
lation of clade 2.3.4.4b viruses within bird 
populations allows reassortment with low 
pathogenicity avian influenza (LPAI) viruses 
resulting in numerous genotypes of different 
phenotypes across species and the globe, 
some of which caused neurologic disease in 
mammals, a manifestation not observed in 
our study.6,7,20 Nonetheless, the presence of 
NP (nucleoprotein) antigen in endothelial 
cells of pigs infected with A/bald ea-
gle/FL/22 suggest this strain may spread sys-
temically. 

 

 
Figure 3-3.  Lung, pig.  Inflammation is 
present both within airways (the traditional 
target of influenza viruses) as well as the 
surrounding alveolar septa, which are 
profoundly expanded by a mixed cellular 
infiltrate o macrophages, lymphocytes, and 
fewer plasma cells, as well as type II 
pneumocyte hyperplasia. (HE, 400X) (Photo 
courtesy of: USDA/ARS-National Animal 
Disease Center, 1920 Dayton Avenue, Ames 
Iowa 50010) 
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A subset of mammalian isolates of HPAI 
H5N1 clade 2.3.4.4b acquired mammalian 
adaptation markers (E627K, D701N, or 
T271A) in the polymerase basic (PB) 2 pro-
tein that pose a public health risk should 
these viruses gain efficient transmission in 
mammals.4,10 Mammalian adaption of HPAI  
is multigenic, and the genetic changes neces-
sary for H5N1 strains to adapt to and transmit 
in swine are not well understood. Although 
uncommon, incursion of LPAI into commer-
cial swine herds in North America occurs of-
ten due to unidentified sources.8,9,11 Swine-
adapted IAV (influenza A viruses) have a 
propensity for evolution through polymerase 
errors and reassortment followed by trans-
mission through populations of densely 
housed commercial pigs and live pig 
transport. If an avian IAV strain such as 
H5Nx 2.3.4.4b were to infect domestic 
swine, there is potential for interspecies 
transmission, reassortment with endemic 
swine IAV, and/or acquisition of adaptive 
mutations that may allow an avian-to-mam-
malian switch.10 Increased viral fitness lead-
ing to transmission of LPAI strains following 
reassortment with swine adapted IAV in pigs 
was demonstrated both in commercial swine 
herds and experimentally.1,11 Furthermore, on 
farm transmission between pigs of a HPAI 
H5N1 virus and identification of a purified 
clone that recognizes α2,6 sialic acid recep-
tors was reported.14 More recently, infection 
of domestic pigs with clade 2.3.4.4b was 
demonstrated.16 

 
Swine are commonly identified as a ‘mixing 
vessel’ supporting reassortment that could 
lead to antigenic shift.10 Yet, at a receptor 
level, it has been suggested that swine are no 
more susceptible to infection by avian IAVs 
than humans.10 The HA (hemagglutinin) of 
HPAI 2.3.4.4b H5N1 preferentially bind to 
α2,3-linked sialic acids on host cells,7 which 
are at low abundance in the upper respiratory  
 

 
Figure 3-4.  Lung, pig.  High magnification of 
inflammatory changes within the airways and 
septa  There is mixed inflammation, 
polymerized fibrin and edema within alveoli 
and bronchiolar lumina, and type II 
pneumocyte hyperplasia in these areas. (HE, 
400X) 

 
tract of swine.12 This low abundance and his-
toric lack of PB2 mammalian adaption muta-
tions may explain why avian IAV does not 
readily transmit among swine.  
 
The quantity of α2,3-linked sialic acids is rel-
atively higher in the lower respiratory tract of 
pigs and humans and localizes to pneumo-
cytes and non-ciliated bronchiolar cells.13,17,19 
This distribution is consistent with the extent 
and distribution of IAV nucleoprotein and 
RNA labeling in the lung of pigs inoculated 
with A/bald eagle/FL/22. Labeling is not 
commonly observed in swine-adapted IAV 
infection which is most commonly restricted 
to the conducting airway epithelium. Host-
adapted IAV most consistently infect airway 
epithelium lining conducting airways, result-
ing in epithelial cell degeneration and necro-
sis that leads to loss of the epithelial integrity, 
triggering airway and alveolar inflammation 
that alters function and interferes with gase-
ous exchange. Bronchitis and bronchiolitis 
were a feature of this case due to replication 
of A/bald eagle/FL/22 in the respiratory epi-
thelium. However, the prominent accumula-
tion of alveolar luminal exudate because of 
pneumocyte infection and necrosis is not 
commonly observed in swine-adapted IAV  
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Figure 3-5.  Lung, pig. Endothelial cells are 
immunopositive for HPAI A/bald 
eagle/Florida/W22-134-OP/2022; Genotype 
B1.1 (anti-HPAI, 400X) (Photo courtesy of: 
USDA/ARS-National Animal Disease Center, 
1920 Dayton Avenue, Ames Iowa 50010) 

 
infection and is likely in part due to the distri-
bution of α2,3-linked sialic acids in swine 
and propensity of 2.3.4.4b H5N1 to bind 
α2,3-linked sialic acids.  
 
There is a risk of reassortment of the HPAI 
H5N1 2.3.4.4b lineage with endemic swine 
IAV based on the susceptibility of swine to 
this lineage, the prevalence of IAV infection 
and co-morbidities in swine herds, and ani-
mal husbandry practices.18,21 Continued phe-
notypic assessment of HPAI H5NX 2.3.4.4b 
strains will facilitate awareness and detection 
capabilities in the swine sector and inform 
risk assessments and warning systems to 
safeguard human health. 
 
Contributing Institution:  
Mark R. Ackermann, DVM, PhD, DACVP 
Center Director 
USDA/ARS-National Animal Disease Center 
1920 Dayton Avenue 
Ames, Iowa 5001 
 
JPC Diagnosis: 
Lung: Pneumonia, bronchointerstitial, lym-
phohistiocytic, subacute, multifocal to coa-
lescing, moderate. 

 
JPC Comment:   
The contributor provides a detailed summary 

of HPAI that remains quite relevant to ongo-
ing events several years after this experi-
mental case was first sent to us. Dr. Brown 
discussed the current paradigm of dairy cat-
tle-associated HPAI with the group. Recent 
research on the distribution of α2,3-linked si-
alic acids has demonstrated that the bovine 
mammary gland (in addition the respiratory 
tract) contains abundant receptors for avian 
influenza viruses.22 Replication of the virus 
within the mammary gland epithelium is 
characterized by attenuation of secretory al-
veoli and ducts with intraluminal neutrophilic 
exudate, though the degree of mastitis is 
moderate.22 HPAI-positive milk has been to 
be infectious when given orally to mice;23  
replication competent wild rodents may also 
play a role in the continued spread of HPAI 
on cattle farms.24 

The survival and subsequent infectivity of 
HPAI in milk presents an important public 
health question.22,23,24 Simple assays injecting 
virus into milk samples (‘spiking’) have 
demonstrated the hardiness of influenza A vi-
rus to heat treatment;  the virus also remains 
infective in raw milk samples stored at refrig- 

 

 
Figure 3-6.  Lung, pig.  HPAI A/bald 
eagle/Florida/W22-134-OP/2022; Genotype 
B1.1 (anti-HPAI, 400X) immunoprotein is 
distributed throughout pneumocytes and 
bronchiolar cells, which are high in sialic acid 
residues.  (Photo courtesy of: USDA/ARS-
National Animal Disease Center, 1920 Dayton 
Avenue, Ames Iowa 50010) 
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Figure 3-7.  Lung, pig. HPAI A/bald 
eagle/Florida/W22-134-OP/2022; Genotype 
B1.1 (anti-HPAI, 400X) immunoprotein is 
within airway epithelium. (Photo courtesy of: 
USDA/ARS-National Animal Disease Center, 
1920 Dayton Avenue, Ames Iowa 50010) 

 

eration temperatures for 5 weeks.23 Natural 
infection with replication in the mammary 
gland likely makes inactivation of the virus 
more difficult due to partial incorporation 
with fat globules and casein protein which act 
as an additional barrier to heat treatment.23 
That stated, the effectiveness of conventional 
commercial pasteurization of milk in address-
ing influenza A is still being characterized. In 
our experience (US Army Veterinary Ser-
vices), many commercial facilities have 
adapted additional time and/or temperature 
controls for milk, yogurt, and other dairy 
products to achieve a desired product compo-
sition and provide a wide safety buffer. The 
recommendation to avoid raw milk nonethe-
less remains prudent.  

We differ slightly in our interpretation of the 
predominant inflammatory cell type for this 
pneumonia and felt that the degree of necro-
sis was overshadowed by predominantly lym-
phocytes and histiocytes. Several conference 
participants also noted bronchial and glandu-
lar epithelial regeneration which hinted at a 
slightly longer time course as well. Select al-
veolar macrophages contained irregular eo-
sinophilic material that some participants in-
terpreted as botryoid inclusions (i.e. from 
porcine circovirus) while others interpreted 
necrotic macrophages as a potential correlate 

of PRRSV which Dr. Brown acknowledged. 
Absent the history provided in this case, 
these two viruses are important differentials 
in porcine granulomatous pneumonias.  
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CASE IV:  

Signalment:  
Six-month-old Brangus, bovine (Bos taurus 
taurus) 

 
History: 
In the period between December 2018 and  

284



15 
 

 
Figure 4-1.  Lung, calf.  Two sections of lung 
are submitted for examination with varying 
degrees of consolidation and expansion of in-
terlobular septa. (HE, 5X) 

 

February 2019, a farm owner recorded the 
death of five six-month-old calves, including 
nursing and weaned calves, from a group of 
117.  Cattle were vaccinated against foot-and-
mouth disease, rabies, and clostridiosis, and 
the herd was kept in native pastures. Affected 
calves presented similar clinical signs that in-
cluded fever, apathy, severe respiratory dis-
tress, nasal discharge, and diarrhea. Clinical 
course lasted approximately three days, and 
calves died spontaneously. All calves that pre-
sented clinical signs were treated with en-
rofloxacin, dipyrone, imizole, and levamisole; 
however, no significant clinical improvement 
was observed. One of the deceased calves was 
submitted for postmortem examination. 

 
Gross Pathology:  
The calf showed good body condition. Gross 
findings included mild jaundice in the subcu-
taneous tissue, oral mucosa, and ocular con-
junctiva. At the opening of the thoracic cav-
ity, the lungs were diffusely pink-red, non-
collapsed, with a rubbery texture, and pre-
sented interlobular edema on the cut surface. 
In the cranioventral areas of the lung and in 
the ventral regions of the caudal lobes, multi-
focal red-tan and firm areas (2-7 cm in diam-
eter) were observed. At the inspection of the 
abdominal cavity, the liver was markedly en-
larged, with round edges, and diffuse orange 

discoloration. The gallbladder was distended 
and filled with grumous bile. The spleen was 
also severely enlarged. No alterations were 
observed in other organs.  

 
Laboratory Results: 
Culture and isolation of Salmonella spp. were 
attempted using fresh samples of lung. These 
samples were added in buffered peptone wa-
ter and incubated overnight (37°C). Follow-
ing the pre-enrichment, they were inoculated 
in selective enrichment broth (Rappaport-
Vassiliadis broth) and incubated at 42°C 
overnight. Bacterial isolates were submitted 
for serotyping using a slide micro-agglutina-
tion test. Fresh lung samples were tested 
through RT-PCR for bovine respiratory com-
plex agents (BoHV/PI-3/BRSV) and Influ-
enza D. Lung sections were submitted for im-
munohistochemistry (IHC) using a commer-
cial polyclonal antibody against Salmonella 
spp. (Biogenesis®), as previously described 
by JUFFO et al. (2017).4  

Salmonella spp. was isolated from the lungs, 
and the serotype identified was Salmonella 
Dublin. Mild, multifocal,cytoplasmic label-
ing (IHC) of the bacteria was detected in lung 
macrophages and freely in the pulmonary in-
terstitial space. RT-PCR for bovine respira-
tory complex agents (BoHV/PI-3/BRSV) and 
Influenza D were negative. 

 

Microscopic Description:  
Each submitted slide presents a section of 
lung.  Diffusely, alveolar septa are markedly 
thickened and expanded by severe inflamma-
tory infiltrate of macrophages, lymphocytes, 
and neutrophils, as well as moderate to 
marked type II pneumocyte hyperplasia. Sim-
ilar inflammatory infiltrate composed of large 
foamy macrophages, lymphocytes, neutro-
phils, and rare multinucleated syncytial cells, 
is observed filling alveolar spaces, and less  
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frequently the lumen of bronchioles and bron-
chi. Multifocal, moderate areas of fibrin dep-
osition, intra-alveolar hemorrhage and mild 
necrosis are also observed. Additionally, mul-
tifocal areas of mild thrombosis, and marked 
expansion of interlobular septa by eosino-
philic homogenous material (edema) are ob-
served. 

 
Contributor’s Morphologic Diagnosis:  
Lung: Pneumonia, interstitial, lymphohistio-
cytic, and neutrophilic, multifocal to coalesc-
ing, severe, with type II pneumocyte hyper-
plasia, and interlobular edema, Brangus, bo-
vine. 

 
Contributor’s Comment:  
Pathological, immunohistochemical and mi-
crobiological findings supported the diagno-
sis of Salmonella-associated pneumonia in  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

this case. In cattle, salmonellosis is predomi-
nantly caused by Salmonella enterica subsp. 
enterica serovar Typhimurium and S. enter-
ica subsp. enterica serovar Dublin.1,9,11 Sal-
monella Typhimurium may cause septicemia 
and is commonly detected in outbreaks of en-
teric disease in calves. In contrast, S. Dublin, 
a host adapted serovar in cattle, is predomi-
nantly associated with septicemia across all 
age groups in cattle.11 Salmonellosis in cattle 
is often characterized by watery or mucoid 
diarrhea containing fibrin and blood, septice-
mia, respiratory disease, weight loss, and 
abortions.8,1 Lesions include enterocolitis, 
pneumonia, paratyphoid nodules in the liver, 
necrotic foci in the kidney, and splenomeg-
aly.2  

In cases of Salmonella-associated pneumo-
nia, the most representative changes include 
interstitial pneumonia, and therefore, the 
main differential diagnosis should include  

Figure 4-2. Lung, calf. Diffusely, alveolar septa are markedly congested and contain numerous mac-
rophages and lymphocytes as well as scattered Type II pneumocyte hyperplasia.  Alveolar lumina 
contain abundant hemorrhage, edema, polymerized fibrin, alveolar macrophages, and neutrophils. 
(HE, 450X) 

286



17 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

other important causes of bronchointerstitial 
pneumonia in calves, such as BoHV (bovine 
herpesvirus), PI-3 (parainfluenza virus) and 
BRSV (bovine respiratory syncytial virus), 
which were ruled out by molecular assays in 
this case. An outbreak of septicemic salmo-
nellosis with lung involvement has been de-
scribed in the North region of Brazil associ-
ated with serovar Dublin.5 Salmonellosis 
with primary lung involvement, in the ab-
sence of enteric lesions, has been reported in 
the Central-West region of Brazil,3 and in 
Southern Brazil, by our research group.7 

Likewise, a study conducted in the United 
States of America reported similar lung le-
sions in young cattle.9 

The fecal-oral route represents the main route 
of transmission, and disease development is  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

associated with bacterial efficiency in invad-
ing the intestinal mucosa, colonizing lym-
phoid tissues, and evading host immune re-
sponse.  Affected animals or asymptomatic 
carriers may spread the disease in the herd.8 
Young calves (< 6 months of age) are more 
vulnerable to the disease and may be infected 
a few hours after calving; nonetheless, adult 
cattle may also develop the clinical disease.6, 

8 Potential predisposing factors for the devel-
opment of clinical salmonellosis include con-
comitant diseases, stressors and immunosup-
pression, which may favor the development 
of clinical disease or may prompt cattle to be-
come asymptomatic carriers.8 Infection in 
cattle may also be favoured by age and physi-
ological stage.8 In this case, we believe that 
weaning-associated stressors may have con-
tributed to the development of clinical salmo-
nellosis. 

Figure 4-3. Lung, calf.  Airways contain refluxed alveolar contains admixed with sloughed airway 
epithelium.  Airway epithelium is hyperplastic, and there are numerous lymphocytes and plasma 
cells within the peribronchiolar tissue.  Alveolar lumina contain abundant hemorrhage, edema, 
polymerized fibrin, alveolar macrophages, and neutrophils. (HE, 181X) 
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Contributing Institution: 
Faculdade de Veterinária 
Universidade Federal do Rio Grande do Sul 
Setor de Patologia Veterinária 
http://www.ufrgs.br/patologia 

 
JPC Diagnosis: 
Lung: Pneumonia, interstitial, lymphohistio-
cytic and neutrophilic, subacute, multifocal to 
coalescing, severe, with type II pneumocyte 
hyperplasia, thrombosis, and edema. 
 
JPC Comment:   
The final case of this conference is also a 
pneumonia which allows for a thoughtful 
comparison with Case 3. Dr. Brown empha-
sized several subtle aspects that hint at the 
underlying pathogenesis. There is hypoplasia 
of bronchus-associated lymphoid tissue 
(BALT) as well as a large thrombus in sec-
tion which are suggestive of a septicemia.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The expansion of the alveolar septa is par-
tially lymphohistiocytic like the previous 
case, though the distribution is very different. 
In the present case, alveolar septal expansion 
is diffuse whereas in the previous case, in-
flammation was multifocal and more promi-
nent at the bronchoalveolar junction. This 
case fits better with a hematogenous portal of 
entry whereas Case 3 is more consistent with 
an aerogenous agent. 

The conference concluded with a brief re-
view of the role of bacteria in pneumonias. In 
bacterial bronchopneumonia, aerogenous en-
try of the agent and direct infection of the air-
way leads to exudation of the alveoli and 
bronchioles, largely with neutrophils and 
originating at the bronchiolar-alveolar junc-
tion. Conversely, bacterial interstitial pneu-
monias are the result of indirect action 
through cytokine effects and endotoxemia. 
Pulmonary intravascular macrophages 
(PIMs) have received increased attention for 

Figure 4-4.  Lung, calf. Interlobular septa are markedly edematous with dilated lymphatics.  (HE, 
205X) 
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their role in a variety of diseases.12 In particu-
lar, these macrophages secrete proinflamma-
tory cytokines (e.g. TNF- α) in response to 
both intracellular and extracellular pathogens 
and or related markers (e.g. LPS). These cy-
tokines subsequently contribute to capillary 
dysfunction through a variety of changes 
such as disruption of endothelial tight junc-
tions.12 In concert with the action of LPS on 
endothelial cells (i.e. activation), the large de-
gree of edema and fibrin in this case is hardly 
surprising. Macrophage activation (MAS) has 
also been identified as a contributor to 
COVID-19 related lung pathology,13 though 
delineating whether cytokine-induced 
changes are local to the lung or systemic vas-
culature has spawned a related term of MAS-
like immunopathology. In classic MAS, mac-
rophages across tissue lines (e.g. Kupffer 
cells and alveolar macrophages) are activated 
concurrently, leading to hemophagocytosis 
and an eventual consumption coagulopathy 
with secondary liver dysfunction.13 In 
COVID-19 however, hemophagocytosis is 
localized as part of a response to diffuse alve-
olar damage.13 Common shared outcomes un-
derscore similarities in molecular mecha-
nisms of disease, particularly in the role of 
macrophage activation and cytokine produc-
tion. 
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CASE I:   

 

Signalment:  

Table egg layers (leghorn chickens), 27-

weeks old. 

 

History: 

Flock of 15000 birds. 900 new birds were 

added to the flock on Feb 5, 2024. A sharp 

drop in egg production (14%) was reported 

on February 15, 2024. Mortality begins on 

February 17 with 3+ birds dead per day until 

March 12, 2024. The cumulative mortality in 

the flock was 127 birds. The clinical signs in-

cluded swollen face, eyelids, wattles, lacri-

mation, and mucoid nasal discharge.   

 

Gross Pathology:  

Two culled birds were submitted. The car-

casses were fresh. The body condition was 

fair with apparent fat stores. The face, eye-

lids and wattles of the chickens were mark-

edly swollen and red. The eyes were closed, 

and mucoid exudate expressed from the nasal 

sinuses. On reflecting skin, the subcutaneous 

tissue was markedly edematous. The cut sur-

face of the wattles was dark red and soft in 

the center and surrounded by yellow-white 

tissue at the periphery. The thoracic and ab-

dominal air sacs were yellowish and cloudy. 

There were multifocal, few, 1 mm, pale white 

foci in the liver parenchyma. The ovarian fol-

licles were very small or had a few enlarging 

follicles (not in production). No significant 

gross findings in other organ systems.  

 

 
Figure 1-1. Head, chicken. The face, eye-
lids and wattles of the chickens were mark-
edly swollen and red. (Photo courtesy of Diag-
nostic Services Unit, Faculty of Veterinary 
Medicine, University of Calgary) 

 

Laboratory Results: 

Avibacterium Paragallinarum cultured from 

wattle and sinus swab.  

Infectious Bronchitis Virus (IBV) and Myco-

plasma spp. generic PCR- Low positive for 

IBV (CT= 32), negative for Mycoplasma spp. 

 

Microscopic Description:  

Wattle: Diffusely the center of the wattle was 

necrotic and hemorrhagic which is character-

ized by eosinophilic, cellular, and hetero-

philic debris mixed with pale eosinophilic fi-

brin, edema fluid, and hemorrhage. At the pe-

riphery was a layer of giant cells. The adjoin-

ing tissue was variably necrotic and con-

gested and there are multifocal perivascular  
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Figure 1-2. Head, chicken. On reflecting the 
skin, the subcutaneous tissue was markedly 
edematous (top). The cut surface of the wat-
tles was dark red and soft in the center and 
surrounded by yellow-white tissue at the pe-
riphery (bottom). (Photo courtesy of Diagnos-
tic Services Unit, Faculty of Veterinary Medi-
cine, University of Calgary) 

 

and lymphocyte infiltrates. The infraorbital 

sinus was filled with pale blue homogenous 

mucous mixed with cellular debris, pale eo-

sinophilic fibrin, and heterophils. The lining 

epithelium was multifocally sloughed and the 

lamina propria was multifocally congested, 

edematous, and infiltrated by lymphocytes, 

plasma cells, macrophages, and heterophils. 

A similar lesion is present in the lining epi-

thelium of the nasal cavity. Lacrimal and 

harderian glands are moderately infiltrated by 

lymphocytes, plasma cells, and heterophils.  

The air spaces in the calvarium are filled with 

eosinophilic fluid, mixed with fibrin, a small 

number of heterophils, and sloughed lining 

epithelium.  Other lesions included multifo-

cal, hepatic necrosis and mild focal airscculi-

tis, diffuse, lymphocytic and heterophilic, 

conjunctivitis, necro-hemorrhagic cellulitis.  

 

 

 

Contributor’s Morphologic Diagnosis: 

1. Wattles: dermatitis, fibrino necrotizing 

and hemorrhagic, diffuse, marked, acute. 

2. Infraorbital sinus and nasal cavity: Sinus-

itis and rhinitis, lymphoplasmacytic and 

heterophilic, mucoid, marked, diffuse, 

acute.  

3. Cranial osteomyelitis, necrotizing, severe, 

multifocal, acute.  

 

Contributor’s Comment: 

Infectious coryza (IC) is an economically im-

portant disease of intensively raised commer-

cial chickens around the world. IC is an 

acute, sometimes chronic, contagious, upper 

respiratory tract disease that results in air-

sacculitis and condemnation in the broiler 

chickens in the processing plant and reduced 

egg production (up to 10-40%) in the breed-

ers and layers.2 The disease is spread by close 

contact and droplets, fomites, or the introduc-

tion of carrier chickens into a closed flock. 

The incubation period is about 24 hours. The 

affected birds in uncomplicated cases recover 

within 2 weeks.1 IC is caused by A. paragal-

linarum, which is a gram-negative, fastidious 

organism bacterium (previously, Hemophilus 

paragallinarum). It requires factor nicotina-

mide dinucleotide (NAD) for invitro growth, 

which is often provided by striking a satellite  

 

 
Figure 1-3. Head, chicken. A cross section of 
the head is submitted for examination. There 
is abundant exudate in the infraorbital sinus 
and nasal cavity at left, and a heterophilic core 
to the wattle at top right. (HE, 5X) 
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Staphylococcus aureus nurse colony on the 

plate. NAD- independent bacterial strains ex-

ist which sometimes pose a diagnostic chal-

lenge. In field conditions, it is often difficult 

to recover this bacterium, hence sending 

whole heads for bacterial culture is preferred 

if the veterinarians prefer to do necropsy in 

the field. A. paragallinarum can be catego-

rized into 3 serovars or sub-serovars by he-

magglutination inhibition tests 3,4 and/ or re-

cently genotyping is used to categorize the 

bacteria with a high correlation with serovars, 

but the technique needs further studies.2 

The important virulence factors of A. para-

gallinarum include hemagglutinins 

(HAs), capsule, and RTX cytotoxin. HA is a 

210 kDa protein coded by the HMTp210 

gene. The HA protein confer hemagglutina-

tion, cell adhesion, and biofilm formation. 

The capsule protects the bacteria from bacte-

ricidal activity of immune cells.   

 

In this case, two whole bodies were submit-

ted with swollen face, eyelids, wattles, lacri-

mation, and mucoid nasal discharge. Given 

the history of a sharp decline in egg produc-

tion and upper respiratory signs, Avibacte-

rium paragallinarum, Mycoplasma gallisep-

ticum, and Mycoplasma synoviae were top 

differentials.  An underlying Infectious bron-

chitis virus (IBV) was also speculated based 

on the history of bronchitis in the source 

flock from where the birds were sourced. 

Hemorrhagic wattles and nasal swabs were 

sent for bacterial culture and sensitivity, and 

trachea was sent for the detection of generic 

Mycoplasma and IBV PCR. The clinical 

signs were non-specific and can be observed 

with several other disease agents that can act 

as a primary pathogen or coexist concurrently 

with IC. The list includes Mycoplasma gal-

lisepticum, M. synoviae, Ornithobacterium 

rhinotracheale, Gallibacterium anatis, Pas-

teurella multocida, and viral pathogens 

such as Avian Metapneumovirus virus 

(aMPV), IBV and infectious laryngotracheitis  

 
Figure 1-4. Head, chicken. The infraorbital si-
nus contains a mucocellular exudate within 
the lumen (left) and marked hyperplasia and 
profound mixed inflammation of the mucosal 
lining (right).  A similar lesion is present in the 
nasal cavity (not pictured). (HE, 40X and 400X) 
(Photo courtesy of Diagnostic Services Unit, 
Faculty of Veterinary Medicine, University of 
Calgary) 

 

virus (ILTV). In addition, poor management 

and ventilation can increase the severity of 

the disease.2 No other bacteria were cultured 

other than A. paragallinarum. Low level of 

IBV was detected in the tracheal samples and 

Mycoplasma spp. were negative on PCR. 

Owing to the low level of the virus, genotyp-

ing was not possible in this case. ILT was ex-

cluded based on histopathology and the 

aMPV was not tested in this case as it was 

not in Canada at the time of the current case. 

The birds were not laying in this case and 

were not treated and culled. In general, if lay-

ing birds get infected, they can be treated, 

though they can become carriers following 

treatment and recurrence is possible. It is rec-

ommended to cull the flock as soon as it is 

close to the cycle completion due to biosecu-

rity risk to commercial poultry. The affected 

flocks can be depopulated if the disease is not 

reported in the region to avoid future out-

breaks. Inactivated bacterins are available to  
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Figure 1-5. Head, chicken. The wattle is ex-
panded by a necrotic core composed of abun-
dant heterophilic debris and lined by a layer of 
epithelioid macrophages. The surrounding 
dermis and subcutis is effaced by a thick layer 
of vascularized fibrous connective tissue. 

 

use in endemic areas to minimize the occur-

rence. Enhancing biosecurity and avoiding 

adding replacement birds to closed flocks are 

some of the strategies to reduce the occur-

rence of the disease.1 Prior testing before 

movement can be done. In this case, replace-

ment birds were introduced into the current 

flock without any testing which resulted in 

the disease outbreak. On further investiga-

tion, the source flock had a similar disease 

outbreak in the past. This highlights the im-

portance of strict biosecurity, and quarantin-

ing of newly introduced birds when not 

raised on the same site. While the disease is 

very prevalent in the US and other countries, 

there is not much information on the occur-

rence of IC in Canada.  

 

Contributing Institution:  

Pathology & Diagnostic Services | Diagnostic 

Services Unit (DSU) | Faculty of Veterinary 

Medicine | University of Calgary (ucal-

gary.ca). 

Faculty of Veterinary Medicine | University 

of Calgary (ucalgary.ca) 

 

 

 

 

 

JPC Diagnosis: 

1. Nasal cavity and infraorbital sinuses: Rhi-

nitis and sinusitis, heterophilic and granu-

lomatous, chronic, diffuse, severe, with 

luminal bacilli.  

2. Comb: Dermatitis, necrotizing and heter-

ophilic, chronic, diffuse, severe. 

3. Harderian and conjunctival lacrimal 

glands: Dacryoadenitis, lympho-

plasmacytic, chronic, diffuse, mild to 

moderate. 

 

JPC Comment:  

This conference’s moderator was Dr. Tom 

Cecere of Virginia-Maryland CVM who led 

conference participants through a broad 

cross-section of infectious agents and produc-

tion animal species. We enjoyed reviewing 

this first slide given that it is a microcosm of 

the gross pathology that the contributor 

nicely demonstrates, though orientation re-

quired consideration of the glands, sinuses, 

and unaffected epithelium accordingly. Our 

Gram stain confirmed gram-negative cocco-

bacilli present within the infraorbital sinus 

(consistent with Avibacterium) along with 

fewer gram-positive bacilli and cocci. We in-

terpreted the large region of necrosis and cel-

lulitis as arising within the comb of this bird; 

we did not see any bacteria within this region 

on H&E or Gram stains. We differed from 

the contributor on osteomyelitis as bony 

changes within our section were mild (per-

haps reflecting variation in submitted slides) 

though we did capture additional inflamma-

tion within adjacent glands as a secondary 

change in this case. 

The contributor lays out a good differential 

diagnosis list for this case. Participants noted 

multinucleated giant cells (especially within 

the overlying skin) that prompted a discus-

sion of viral syncytia (e.g. ILTV) versus 

granulomatous inflammation and macro-

phage activation. Given the likely polymicro-

bial infection at play in these birds, consider- 
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Figure 1-6. Head, chicken. The lining of the air 
spaces in the calvarium are markedly edema-
tous and filled with proteinaceous fluid. (HE, 
200X) (Photo courtesy of Diagnostic Services 
Unit, Faculty of Veterinary Medicine, Univer-
sity of Calgary) 

 

ation of relevant histologic features and an-

cillary diagnostics such as culture and PCR is 

prudent for the supporting pathologist. 

Infectious coryza has also been reported on 

poultry farms and among smaller hobby 

flocks within the United States.5,6 In contrast 

to this case, more acute/fulminant disease 

may have more fibrinous exudate and infec-

tion can extend to the abdominal air sacs 

and/or the pericardial sac and cause pericar-

ditis and/or periphepatitis.6 Complicated 

(polymicrobial) infections often lead to septi-

cemia and marked flock mortality.5,6 Flock 

susceptibility to IC can reflect vaccine failure 

(poor preparation, timing/delivery failure) as 

well as lack of cross-protection between dif-

ferent circulating serovars; use of vaccines in 

laying birds, meat birds, and breeder flocks 

varies by facilty.6 Farm-farm transmission 

between poultry workers is a likely control 

factor as wild birds and insects have been 

shown to be ineffective vectors for IC.6 

 

References: 

1. Blackall PJ, Soriano-Vargas E. Infectious 

Coryza. In: Swayne DE, Boulianne M, 

Lounge CM, McDougald LM, Nair V, 

Suarez DL, eds. Vol. 2, Diseases of Poul-

try. Wiley-Blackwell 2014:890–906.   

2. Gallardo RA, Da Silva AP, Egaña-Labrin 

S, et al. Infectious Coryza: Persistence, 

Genotyping, and Vaccine Testing. Avian 

Dis. 2020;64(2):157–165.   

3. Kume K, Sawata A, Nakai T, Matsumoto 

M. Serological classification of Hae-

mophilus paragallinarum with a hemag-

glutinin system. J Clin Microbiol. 

1983;17(6):958–964.   

4. Page LA. Haemophilus infections in 

chickens. I. Characteristics of 12 Hae-

mophilus isolates recovered from dis-

eased chickens. Am J Vet Res. 

1962;23:85–95.   

5. Davison S, Tracy L, Kelly DJ, Bender SJ, 

Pierdon MK, Mills J, Barnhart DJ, Lic-

ciardello S, Anis EAM, Wallner-Pend-

leton E, Dunn P, Robinson C, Ladman B, 

Kuchipudi SV. Infectious Coryza in 

Pennsylvania. Avian Dis. 2024 

Sep;68(3):175-182. 

6. Crispo M, Blackall P, Khan A, Shivapra-

sad HL, Clothier K, Sentíes-Cué CG, 

Cooper G, Blakey J, Pitesky M, Moun-

tainspring G, Cutler G, Bickford A, 

Stoute S. Characterization of an Outbreak 

of Infectious Coryza (Avibacterium para-

gallinarum) in Commercial Chickens in 

Central California. Avian Dis. 2019 Sep 

1;63(3):486-494. 

 

CASE II:  

 

Signalment:  

4-week- suckling piglet, male neutered, 

Swiss Large White, sus scrofa domesticus, 

porcine. 

 

History:  

In March 2023, an increase in spinal deformi-

ties was detected on a Swiss breeding farm, 

characterized by thoracic lordosis and lumbar 
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kyphosis (“humpy-back syndrome”) and 

suckling as well as weaning piglets showed 

focal thickening of multiple ribs and facial 

oedema in an otherwise unremarkable clini-

cal condition. 

 

Gross Pathology:  

Seven adjacent ribs show a marked focal cal-

lus formation. The longitudinal sections re-

veal rib fractures. 

 

Laboratory Results: 

qPCR for PCV-3 revealed high viral loads in 

kidney (Ct 21), mesenteric lymph node (Ct 

12), rib (Ct 26) and brain (Ct 23). 

Immunohistochemistry for detection of PCV-

2 yielded a negative result. 

 

Microscopic Description: 

Bone, rib: In the calcification zone of the 

chondrocostal junction, a particularly high 

number of osteoblasts and osteoclasts are 

found (bone remodeling). Primary trabeculae 

vary in thickness, are fragmented and show 

cross-connections. The bone marrow contains 

all three hematopoietic cell lines with a slight 

increase in fibroblasts (myelofibrosis). 

At the level of the macroscopically described 

bone distension, a blunt discontinuity of the 

osseous tissue is visible (fracture). The edges 

of the woven bone and multiple bone frag-

ments within the fracture gap are lined by nu-

merous multinucleated cells (osteoclasts) ad-

jacent to scalloped, irregularly shaped bone 

(Howship’s lacunae). Within the fracture gap, 

the tissue is focally extensive replaced by ir-

regular trabeculae of woven bone at varying 

stages of maturation along with granulation 

tissue. The immature woven bone, oriented 

perpendicular to the periosteum, is composed 

of densely organized collagen fibers and is 

often surrounded by numerous plump, large-

nucleated mesenchymal cells (reactive osteo 

 
Figure 2-1. Rib, piglet. Left thoracic rib cage of 
a 4-week- suckling piglet showing seven adja-
cent rib fractures with marked callus for-
mation. (Photo courtesy of Institute of Veteri-
nary Pathology, Vetsuisse-Faculty, University 
of Zurich, 
https://www.vetpathology.uzh.ch/de.html) 

 

blasts) lying in a single layer. The granula-

tion tissue extends into the adjacent bone 

marrow and is multifocally infiltrated by a 

moderate number of macrophages, lympho-

cytes, plasma cells, scattered neutrophils and 

few erythrocytes (acute hemorrhage).  

In addition to multiple bone fragments, there 

are multifocal to coalescing areas of fibrous 

connective tissue and chondrocytes produc-

ing cartilage fragments (soft callus for-

mation).  

Furthermore, multifocal osteoid formations 

surrounded by osteoblasts are present. Neu-

trophils, fibrin and eosinophilic cellular and 

karyorrhectic debris (necrosis) as well as nu-

merous multinucleated giant cells are found 

in the fracture gap.  

Focally extending from the cortical surface 

and markedly elevating the periosteum, there 

is a periosteal proliferation of reactive, wo-

ven bone with trabeculae aligned perpendicu-

lar to the cortex (exostosis). The periosteum 

is diffusely highly expanded by collagenous 

connective tissue (periosteal fibrosis) and in-

cludes small fragments of  
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Figure 2-2. Rib, piglet. Longitudinal section of a rib 
with focal fracture and extensive callus formation 
(Photo courtesy of Institute of Veterinary Pathol-
ogy, Vetsuisse-Faculty, University of Zurich, 
https://www.vetpathology.uzh.ch/de.html) 

 

osseous tissue and abundant extravascular 

erythrocytes (acute hemorrhage). 

The arteries in the periosteal tissue and those 

in the adjacent intercostal muscles and adi-

pose tissue show infiltration of the media and 

the adventitia by a moderate number of small 

lymphocytes, plasma cells and sporadic mac-

rophages. Similar infiltrates are found peri-

arterially. The venous and lymphatic vessels, 

as well as the nerves, do not exhibit any alter-

ations. 

ISH detected abundant PCV-3 RNA in the rib 

(periosteal arterial walls, osteocytes and oste-

oblasts).  

 

Contributor’s Morphologic Diagnosis: 

Bone, rib: Fracture with bone remodeling, fo-

cally extensive, marked with reactive woven 

bone formation (fracture callus), myelofibro-

sis and hemorrhage, multifocal, acute, mild to 

moderate as well as exostosis, periosteal, cir-

cumferential, moderate. 

Arteritis and periarteritis, lymphoplasmacytic 

and histiocytic, multifocal, moderate to se-

vere. 

 

Contributor’s Comment:  

Circoviruses are single-stranded DNA vi-

ruses with a circular genome and one main 

capsid protein. They are prevalent across a 

variety of animals, including mammals, fish, 

birds, and insects. In pigs, four different por-

cine circoviruses (PCV) have been identified 

up to now: PCV-1, PCV-2, PCV-3 and PCV-

4. PCVs are ubiquitous in global pig popula-

tions. While PCV-1 is accepted as non-patho-

genic, PCV-2 is considered as an economi-

cally challenging pathogen on a global scale. 

Similarly to PCV-2, PCV-3 is widespread 

and detected in both healthy and diseased 

pigs, often in mummified and stillborn fe-

tuses, indicating vertical and horizontal trans-

mission of the viruses. PCV-4 has only re-

cently been discovered and further infor-

mation on this virus is required to understand 

its potential impact.1 

PCV-3 infections are associated with various 

clinical and pathological manifestations, es-

pecially reproductive disorders, PDNS and 

multisystemic inflammatory diseases.2,4 Fur-

thermore, viral DNA has been detected in 

asymptomatic pigs and coinfections com-

prised of PCV3 with other swine pathogens 

have been frequently reported. This suggests 

that PCV-3 may act as a cofactor for some 

pathogens or may need other cofactors to 

cause clinical signs of disease.3 

 

 
Figure 2-3. Rib, piglet. Two sections of rib 
with a diaphyseal fracture are submitted for 
examination.  The physis is present in the 
section at top. (HE, 7X) 
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Figure 2-4. Rib, piglet. There is a large mature 
callus with anastomosing trabeculae of woven 
bone and large islands of cartilage over the 
fracture site (bottom center). (HE, 60X) 

 

In situ hybridization (ISH) is used for the de-

tection of PCV-3 in lesions. Histopathologic 

expertise is crucial as associated lesions may 

be subtle, requiring a degree of confidence to 

recognize these conditions. To diagnose 

PCV-3, a histopathologic specimen including 

heart, lung, spleen and lymph nodes should 

be submitted.3 However, the clinical findings 

associated with PCV-3 are non-specific and 

require consideration of different pathogens.  

The “humpy-back-syndrome” is earliest ob-

served in pigs of 3 weeks but most often de-

tected at an age of 8 to 16 weeks.4 It can arise 

as a secondary condition linked to multiple 

primary lesions within the vertebrae.5 Pri-

mary lesions include osteomyelitis, fractures, 

neoplasms and metabolic diseases.6 In addi-

tion, factors such as painful diseases of the 

legs and back7, Musculo-mechanical stress 

on the lumbar spine8, early onset of puberty 

in male pigs9 and intrauterine viral infec-

tions10 are contributing factors. A hereditary 

influence on the development of porcine ky-

phosis is suggested as well.10 

The histological lesions in this case match the 

descriptions of PCV-3 systemic disease, but 

for the first time the virus has been detected 

by qPCR and ISH in bone lesions. In the last 

decade, authors reported cases of “humpy-

back" pigs exhibiting histologically inflam-

matory vascular lesions comparable to those 

reported here.4,11 Therefore, pathomorpholog-

ical investigations and possible detection of 

PCV-3 is recommended in pigs displaying 

bone lesions and “humpy-back” posture. 

 

Contributing Institution:  

Institute of Veterinary Pathology 

Vetsuisse-Faculty 

University of Zurich 

Winterthurerstrasse 268 

8057 Zurich 

Switzerland 

https://www.vetpathology.uzh.ch/de.html 

 

JPC Diagnosis: 

Bone, rib: Diaphyseal fracture with maturing 

callus.  

 

JPC Comment:  

This was a case that generated a lively dis-

cussion.   As Dr. Cecere did his PhD on 

circoviruses, he guided the group through as-

sessing the changes present in this slide 

which were descriptively rewarding (and 

quite detailed). Ultimately, we summarized 

this case in a simple way and chose to focus 

on the H&E features before considering the 

ISH (and question of causation) presented in 

this case. 

 
Figure 2-5. Rib, piglet. At the periphery of the 
callus, there is marked woven bone prolifera-
tion beneath the hypercellular periosteum. 
(HE, 75X)  

 

We differed from the contributor in several 
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key aspects. Foremost, the section that we re-

viewed lacked a significant vascular compo-

nent, though there is mild lymphocytic peri-

vasculitis and lymphocytic infiltration within 

peripheral nerves present. There is also a lack 

of overt necrosis. These features make it 

harder to assess the role of viral-induced in-

sult as the cause of the weakening and even-

tual fracture of these ribs (i.e. through disrup-

tion of blood flow to the developing bone) as 

there is no evidence to support this interpreta-

tion. Likewise, we reviewed the ISH image 

supplied by the contributor (Figure 2-6) and 

agree that the localization of nucleic acid 

within the vessel wall comports with the ex-

pected behavior of PCV-3, though the signal 

also extends beyond osteocytes/osteoblasts to 

include numerous cells within the adjacent fi-

brous tissue and callus. Another potential in-

terpretation is that the non-vascular signal 

represents transfer of circoviral nucleic acid 

sto antigen-presenting cells (e.g. infiltrating 

histiocytes). As such, this result raises the 

question of “correlation or causation” i.e.,  

changes because of PCV-3 or in addition to 

PCV-3. Although not included with this sub-

mission, additional information about the 

spleen, kidney, liver, and/or peripheral lymph 

nodes to confirm the presence of circoviral-

associated disease (especially with corrobo-

rating ISH) was suggested by Dr. Cecere to 

develop this hypothesis further in future 

cases. Conference participants were also 

skeptical of myelofibrosis in this piglet and 

interpreted mesenchymal cells as part of the 

developing callus to stabilize the fracture – 

by convention, myelofibrosis implies a pri-

mary defect which seems less likely in this 

case. 

It is worth briefly discussing several of the 

slide features in weighing differential diagno-

ses for this case. As this was a very young 

piglet, it is important to know that the  

 
Figure 2-6.  Rib, piglet. ISH detected abundant 
PCV-3 RNA in the rib (periosteal arterial walls, 
osteocytes and osteoblasts). (Photo courtesy 
of Institute of Veterinary Pathology, Vet-
suisse-Faculty, University of Zurich, 
https://www.vetpathology.uzh.ch/de.html) 

 

width of cortical bone closer to the phy-

sis/metaphysis (i.e., the “cut-back zone”) is 

typically thinner for physiological reasons 

(this is where elongation of the bone takes 

place) which does not reflect osteoporosis or 

osteopetrosis. This animal had not yet devel-

oped a secondary center of ossification as 

well. Similarly, the degree of cartilage pre-

sent within the primary spongiosa is appro-

priate for the age of this animal. Comparing 

the hue of physeal cartilage to cartilage 

within the developing callus is helpful to de-

termine if both growth plates are in section 

(they are not in the slides submitted to the 

conference). Conference participants also dis-

cussed the ‘rosary’ gross appearance (Figure 

2-1) which resembles a rachitic (rickets) .  In 

the submitted sections, the physis at the 

costochondral junction in this animal is rela-

tively normal histologically. 

 

References: 

1. Opriessnig T, Karuppannan AK, Castro 

AMMG, Xiao CT. Porcine circoviruses: 

current status, knowledge gaps and chal-

lenges. Virus Res. 2020 Sep;286:198044. 

2. Palinski R, Piñeyro P, Shang P,et al. A 

Novel Porcine Circovirus Distantly Re-

299



10 
 

lated to Known Circoviruses Is Associ-

ated with Porcine Dermatitis and 

Nephropathy Syndrome and Reproduc-

tive Failure. J Virol. 2016 Dec 

16;91(1):e01879-16. 

3. Kroeger et al. Five years of porcine 

circovirus 3: What have we learned about 

the clinical disease, immune pathogene-

sis, and diagnosis. Virus research, 2022, 

314:198764 

4. Drolet et al. Alopecia areata and humpy-

back syndrome in suckling piglets. The 

Canadian veterinary journal, 2012; 

53(8):865-869. 

5. Nielsen et al. Juvenile kyphosis in pigs. A 

spontaneous model of Scheuermann's ky-

phosis. Journal of pathology, microbiol-

ogy and immunology - the APMIS jour-

nal, 2005, 113(10). 

6. Lahrmann et al. Causes of kyphosis and 

lordosis with cuneiform vertebral defor-

mation in swine. Berliner und Münchener 

Tierärztliche Wochenschrift, 1993, 

106(4), 127-132. 

7. Lahrmann et al. Deformities of the ven-

tral column in weanling pigs caused by 

hemivertebrae or block vertebrae. Journal 

of Veterinary Medicine Series A, 1990, 

38, 691-695. 

8. Corradi et al. Acquired hemivertebrae in 

“humpy-backed” piglets. International 

Pig Veterinary Society Congress 2004, 1, 

357. 

9. Done et al. Lordosis and kyphosis 

(“humpy-back”) in pigs. The pig journal, 

1988, 41. 

10. Done. Lordosis and kyphosis (“humpy-

back”) in pigs; a second type of the con-

dition associated with hemivertebrae. The 

pig journal, 1999, 43, 148-153. 

11. Pallerés et al. Humpy backed pigs syn-

drome in spain. Anales de Veterinaria de 

Murcia, 2013, 29, 87-91. 

 

 
Figure 3-1. Presentation, pig. The pig was pre-
sented in poor body condition, with promi-
nent tuber ischia (pin bones) and ribs. (Photo 
courtesy of: State Veterinary Diagnostic Labor-
atory, Elizabeth Macarthur Agricultural Insti-
tute, Menangle, NSW, Austral-
iahttps://www.dpi.nsw.gov.au/about-us/ser-
vices/laboratory-services/veterinary) 

 

CASE III:  

Signalment:  

6-12 week old, female, hybrid, Sus scrofa do-

mesticus, pig. 

 

History:  

Multiple weaners on the property with poor 

body condition and wasting, leading to death.  

 

Gross Pathology: 

The pig was presented in poor body condi-

tion, with prominent tuber ischia (pin bones) 

and ribs. There was marked faecal staining 

around the anus. The large intestine, predom-

inantly colon and caecum, was diffusely di-

lated with diffuse dark grey to red-brown dis-

coloration of the serosa. Multifocally, the 

mucosa had white fibrinous lesions admixed 

with dark necrotic areas and areas of haemor-

rhage. 

Laboratory Results: 

Porcine circovirus type 2 real-time PCR: Pos-

itive  

Salmonella enrichment culture: Positive. 

300



11 
 

Identification of Salmonella by serotyping: 

Salmonella enterica serovar infantis. 

Brachyspira hyodysenteriae and B. pilosicoli 

multiplex PCR: Negative 

 

Microscopic Description:  

Colon or caecum (depending on the slide), 

H&E: Multifocally to coalescing, affecting 

the epithelium, lamina propria and submu-

cosa, is marked loss of mucosa, with replace-

ment by abundant mats of fibrillar eosino-

philic material (fibrin), cellular and karyor-

rhectic debris, degenerate neutrophils, lym-

phocytes and macrophages, and colonies of 

basophilic bacteria with rod morphology. 

Small vessels in affected areas have disrupted 

endothelium and are often filled with 

thrombi. In less affected areas, crypts are 

markedly elongated, ectatic, with attenuated 

epithelium and contain amphophilic to pale 

basophilic fibrillar material (mucus) or filled 

with degenerate neutrophils and necrotic de-

bris (crypt abscess). Multifocally, there is 

mild goblet cell hyperplasia. Multifocally, the 

lamina propria and submucosa are expanded 

by lymphocytes, macrophages, and plasma 

cells; with occasional small vessels contain-

ing thrombi. Multifocally, numerous ciliated 

protozoa (Balantidium coli) are free in the lu-

men or admixed with necrotic material and 

buried deep in the mucosa. The serosa is fo-

cally markedly expanded by neutrophils and 

fibroblastic proliferation, underlying a thin 

mat of fibrin, clear areas, and a florid peri-

vascular infiltrate of lymphocytes and plasma 

cells. 

Colon or caecum (depending on the slide), 

Warthin-Starry: Multifocally, abundant colo-

nies of bacteria with rod morphology are 

highlighted within the areas of ulceration, ne-

crosis and inflammation, previously de-

scribed in H&E.  

 

 
Figure 3-2. Abdominal viscera, pig. The colon 
and caecum are diffusely dilated with diffuse 
dark grey to red-brown discoloration of the 
serosa. (Photo courtesy of: State Veterinary 
Diagnostic Laboratory, Elizabeth Macarthur 
Agricultural Institute, Menangle, NSW, Aus-
traliahttps://www.dpi.nsw.gov.au/about-
us/services/laboratory-services/veterinary) 

 

Contributor’s Morphologic Diagnosis:  

Colon or caecum: Colitis or typhlitis, fibri-

nonecrotizing, multifocal to coalescing, se-

vere, with diphtheritic membranes, goblet 

cell hyperplasia, thrombosis, abundant in-

tralesional rod-shaped bacteria, and numer-

ous intralesional protozoan ciliates, hybrid 

breed, Sus scrofa. 

 

Contributor’s Comment:  

Salmonellosis is a common bacterial infec-

tion of mammals and birds, resulting in vari-

ous syndromes such as septicaemia, entero-

colitis, abortion and pneumonia. There are 

two recognized species of Salmonella: S. en-

terica and S. bongori, of which there are a 

vast number of serovars and serotypes.5 Ad-

ditionally, there are three broad groups of 

Salmonella serovars to consider: those that 

are host adapted to humans and higher pri-

mates, those that are host adapted to certain 

animal species and those that are not host 

adapted.1  Several Salmonella enterica 

serovars, most commonly Typhimurium, 

Derby and Cholerasuis, have been identified  
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Figure 3-3. Colon, pig. Multifocally, the mu-
cosa had white fibrinous lesions admixed with 
dark necrotic areas and areas of haemorrhage.  
(Photo courtesy of: State Veterinary Diagnos-
tic Laboratory, Elizabeth Macarthur Agricul-
tural Institute, Menangle, NSW, Austral-
iahttps://www.dpi.nsw.gov.au/ about-
us/services/laboratory-services/v eterinary) 

 

to cause enterocolitis and septicaemia in 

swine;13 Cholerasuis is host adapted to swine, 

while Typhimurium and Derby also com-

monly cause disease in ruminants and poul-

try.  

The Salmonella enterica serovar isolated in 

this case, Salmonella Infantis, has been iden-

tified from both clinically normal and ill pigs, 

as well as in the environment and carcasses 

of pigs at slaughterhouses.7 While this sero-

type is less commonly identified compared to 

Typhimurium, Cholerasuis, and Derby, prev-

alence of this serotype is increasing. In a 

number of studies across Canada, the United 

States and Brazil, Salmonella Infantis was 

consistently the 3rd to 4th most identified 

serotype in farms, slaughterhouses and in di-

agnostic samples at veterinary laboratories, 

with evidence for increasing prevalence over 

time.6-8,12,15 This serotype is also of public 

health concern due to its zoonotic potential 

and antibiotic resistance.4,7,9 Salmonella In-

fantis has been isolated in a number of food 

safety trials, involving both contaminated 

pork and poultry meat, presenting increasing 

risk to human health.4,10,11 Interestingly, poul-

try are asymptomatic carriers of Salmonella 

Infantis.10,14  

 

There are no published reports of the gross or 

histological changes observed with Salmo-

nella Infantis infection in swine, as far as the 

authors are aware. Comparatively, the gross 

and histological changes seen in this case are 

most similar to infection with Salmonella 

Typhimurium in swine, where diphtheritic 

enterocolitis is also generally confined to the 

large intestine and rectum, with minimal in-

volvement of the distal ileum.13 Other bacte-

rial agents that were considered in this case 

given the gross and histological findings in-

cluded Brachyspira hyodysenteriae and B. pi-

losicoli as well as Clostridium perfringens 

types A and C. Both B. hyodysenteriae and 

pilosicoli cause fibrinonecrotic and erosive 

lesions limited to the colon and caecum. 

Diphtheritic membranes are also a common 

gross feature of B. pilosicoli infection. Clos-

tridium perfringens types A and C both cause 

necrohaemorrhagic enterocolitis in neonatal 

piglets. While lesions generally involve the 

small intestine, severe cases also involve the 

large intestine.  

 

 

 
Figure 3-4. Colon, pig. One section of colon is 
presented for examination. There are multifo-
cal full-thickness mucosal ulcers. (HE, 11X) 
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Figure 3-5. Colon, pig. Ulcers are covered by a 
fibrinocellular membrane and consist of abun-
dant cellular debris admixed with infiltrating 
viable and necrotic neutrophils and macro-
phages.  Inflammation and necrosis extends 
downward into the underlying submucosa 
and peripherally into the lamina propria of the 
adjacent mucosa. (HE, 68X) 

 

The pathogenicity of Salmonella relies on a 

number of Salmonella pathogenicity islands 

(SPIs) and other virulence genes within the 

genome. The SPI-1 proteins are mainly asso-

ciated with invasion of the cell, while SPI-2 

proteins are involved with survival and repli-

cation within host cells; a number of viru-

lence markers contained within SP-1 and SP-

2 are present in Salmonella Infantis isolates, 

indicating the pathogenicity of this serotype.2 

Virulence associated plasmids are also vitally 

important for the survival and growth of Sal-

monella within macrophages.2 Observable 

histological changes (reduction in villi 

length) can be present in the small intestine 

from one day post-infection with Salmonella 

Typhimurium, with severe changes such as 

villous atrophy and epithelial damage seen as 

early as two days post-infection.3 

 

Contributing Institution:  

State Veterinary Diagnostic Laboratory 

Elizabeth Macarthur Agricultural Institute  

Woodbridge Rd, Menangle 

NSW, 2568 

Australia 

https://www.dpi.nsw.gov.au/about-us/ser-

vices/laboratory-services/veterinary 

 

JPC Diagnosis: 

Colon:  Colitis, ulcerative, subacute, multifo-

cal, marked, with vasculitis, thrombosis, and 

diffuse lymphoid depletion. 

 

JPC Comment:   

We thank the contributor for sharing this 

slide with us as the ancillary diagnostics 

opened up a great conference discussion. Our 

Gram stain demonstrated gram-negative ba-

cilli adjacent to ulcerated areas of the colon, 

consistent with the presence of Salmonella 

Infantis outlined above and likely the primary 

process in this animal though this feature was 

not apparent to us on H&E. Conference par-

ticipants offered a number of  

other possible etiologies (and/or coinfections) 

which had varying levels of support, includ-

ing Lawsonia (here lacking a marked prolif-

erative component and the degree of hemor-

rhage in this case is not severe), Clostridium 

(Clostridioides difficile - a good differential 

in a newborn animal), and African or Classi-

cal Swine fever (better supported by marked 

hemorrhage in additional organs). We de-

bated the relevance of Brachyspira in this 

case despite the PCR result as we noted many 

spirochetes present  

 

 
Figure 3-6. Colon, pig. Submucosal vessels of-
ten contain fibrin thrombi. (HE, 758X) 
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Figure 3-7. Colon, pig. A silver stain demon-
strates large numbers of bacterial rods within 
areas of ulceration. (Warthin-Starry 3.2, 400X) 
(Photo courtesy of: State Veterinary Diagnos-
tic Laboratory, Elizabeth Macarthur Agricul-
tural Institute, Menangle, NSW, Austral-
iahttps://www.dpi.nsw.gov.au /about-
us/services/laboratory-services/ veterinary) 

 

within colonic crypts on our silver stain as 

well (similar to Figure 3-7), though it is pos-

sible that this could reflect a normal amount 

to a slight overgrowth secondary to ulcera-

tion induced by Salmonella – the degree of 

mucus present on this section is not over-

whelming as well. There is also a moderate 

number of ciliated trophozoites present 

within the lumen of the colon (consistent 

with Balantidium coli, a normal colonic com-

mensal) which we did not assign any patho-

logic significance to. 

One subtle feature of this case that should not 

be overlooked is the depletion in lymphoid 

cells within the colon. Simply put, there isn’t 

lymphoid tissue present at all in this section 

which underscores the need to review tissues 

systemically to detect severe changes. That 

this animal was PCR-positive for PCV-2 is a 

potential explanation, though there is no cor-

roborating evidence such as cytoplasmic bot-

ryoid viral inclusions despite the vasculitis 

present. Salmonella is another major cause of 

lymphoid depletion, and often accomplishes 

this ‘task’ shortly after entering aggregated 

lymphoid nodules (GALT; Peyer’s patches) 

via overlying M cells. Conference partici-

pants extrapolated that the ulcers in the colon 

of this pig (‘button-like’) probably reflected 

this pathogenesis with accompanying infarc-

tion of the adjacent submucosal blood ves-

sels. 
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CASE IV:  

 

Signalment:  

16 weeks, male, domestic white turkey (Mel-

eagris gallopavo). 

 

History: 

A flock of 7,500 domestic white male turkeys 

was experiencing elevated mortality as a re-

sult of both aortic rupture and culling of 

lame, recumbent birds. Recumbent birds had-

swollen intertarsal (hock) joints with bruising 

of the nonfeathered skin of the hock. Five af-

fected legs were removed at the coxofemoral 

joint from culled carcasses and shipped to the 

Minnesota Veterinary Diagnostic Laboratory. 

 

Gross Pathology:  

The submitted turkey legs had skin bruising 

of the caudal aspect of the hock. The hocks 

were swollen as a result of periarticular sub-

cutaneous edema (serosanguinous fluid) and 

increased volume of synovial fluid within the 

hock joints and sheaths of the gastrocnemius 

tendon and digital flexor sheaths. In two legs, 

the gastrocnemius tendon was partially rup- 

 

 
Figure 4-1. Tendons and tendon sheath, tur-
key. A section through the gastrocnemius and 
digital flexor tendons is submitted for exami-
nation. There is an adhesion between the gas-
trocnemius tendon and the adjacent tendon 
sheath (center, bottom). (HE, 10X) 
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tured proximal to the hock joint.  Longitudi-

nal sections of the femur, tibiotarsus and tar-

sometatarsus showed no overt lesions (no ev-

idence of osteomyelitis or chondrodysplasia) 

in bone or growth plate. 

 

Laboratory Results: 

-Aerobic culture: Hock joint fluid- no signifi-

cant growth 

-Molecular diagnostics:  Gastrocnemius ten-

don was positive (CT 32.5) for avian reovirus 

by universal avian reovirus PCR 

Synovial fluid was negative for Mycoplasma 

gallisepticum and Mycoplasma synoviae by 

PCR 

-Virology: Reovirus was isolated after one 

pass on embryonated eggs (yolk sac inocula-

tion) and after two passes on QT-35 (quail fi-

broblast) cell line 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Microscopic Description:  

The tissue is a cross-section of gastrocnemius 

tendon complex, composed of the tendon and 

sheaths of the primary gastrocnemius tendon 

and multiple smaller digital flexor tendons 

and sheaths. Inflammation largely affects the 

tendon sheaths and consists of multifocal, 

moderate to marked infiltrates of lympho-

cytes and plasma cells either scattered or ar-

ranged in perivascular fashion within the 

edematous subsynovium. Rare heterophils 

are also observed. Adjacent synoviocytes are 

hypertrophic. No microorganisms are ob-

served. 

 

Contributor’s Morphologic Diagnosis:  

Gastrocnemius and digital flexor tendons: te-

nosynovitis, lymphoplasmacytic with subsyn-

ovial edema and synoviocyte hypertrophy 

 

Figure 4-2. Tendon sheath, turkey. There is marked chronic inflammation of the edematous tendon 

sheath, with numerous lymphocytes and plasma cells, occasionally in aggregates, beneath the syn-

ovial lining. (HE, 268X) 
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Contributor’s Comment:  

Turkey arthritis reovirus (TARV) causes 

lameness in domestic turkeys, including both 

turkey breeders and meat-type turkeys, and 

affecting both sexes by 12-17 weeks of age. 

Males generally show clinical signs more of-

ten than females, likely because of the greater 

male body weight. In the 1980s, there were 

two reports of reovirus isolated from the gas-

trocnemius tendons of domestic turkeys af-

fected with arthritis/tenosynovitis, but this 

condition was not experimentally reproduced 

at the time and was not observed again for 

nearly 25 years when it was reported in Min-

nesota.2,4,5 Thereafter, there were multiple re-

ports of TARV-associated outbreaks of lame-

ness in market age turkeys,3,10 resulting in 

substantial economic losses in the form of in-

creased culling, mortality, poor feed effi-

ciency, low rates of weight gain, aortic rup 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

tures and increased condemnations at the pro-

cessing plant. 3,6,10 The disease has been ex-

perimentally reproduced to confirm the in-

volvement of reovirus and the infection has 

consistently been associated with uni- or bi-

lateral lameness due to swelling of the inter-

tarsal (hock joints), periarticular fibrosis, te-

nosynovitis, occasional erosion of articular 

cartilage of the hock joints and rupture of the 

gastrocnemius tendon or digital flexor ten-

dons. 4,6,7,8 More recently, reoviruses that are 

genetically identical to turkey arthritis reovi-

rus have been shown to cause or have been 

associated with hepatitis and meningoen-

cephalomyelitis in turkey poults.1 Avian reo-

viruses of turkeys are members of the genus 

Orthoreovirus in the family Reoviridae con-

taining a double-stranded, segmented RNA 

genome in a double-shelled capsid. The ten 

genome segments are classified as L class 

(L1-L3), M class (M1-M3) and S class (S1-

Figure 4-3. Tendon sheath, turkey. There are degenerative changes in the gastrocnemius tendon 

with abundant ground substance within the interstitium between collagen fibers, which is under-

going cartilaginous metaplasia.  Similar, but less severe changes are seen in other tendons as well 

as the tendon sheath. (HE 323X)   
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S4) based on their electrophoretic mobility.9 

A similar condition of reoviral tenosynovitis 

in chickens (“viral arthritis”) has been recog-

nized for many years; however, gene seg-

ments of the chicken arthritis reoviruses bear 

only 80-85 % homology with the turkey ar-

thritis reoviruses. It is likely that the turkey 

reoviruses represent a more recent mutation 

of the chicken reoviruses. 

 

Contributing Institution: 

University of Minnesota Veterinary Diagnos-

tic Laboratory 

https://vdl.umn.edu/ 

 

JPC Diagnosis: 

Gastrocnemius and digital flexor tendons 

(presumptive):  Tenosynovitis, lympho-

plasmacytic, chronic, multifocal to coalesc-

ing, moderate. 

 

JPC Comment:   

The final case of this conference is a cross-

section of multiple large tendons. From the 

H&E alone, we speculated that this likely 

represented the gastrocnemius and digital 

flexor tendons (given the approximate 

size/width presented) and adjusted our mor-

phologic diagnosis accordingly. The section 

is nicely presented, with the distribution of 

lymphoplasmacytic inflammation being read-

ily apparent even from low magnification. 

Conference participants also considered En-

terococcus and Mycoplasma synoviae as less 

likely differential diagnoses for this case.  

An interesting finding in this slide is the large 

amount of amphophilic to basophilic sub-

stance present in the affected tendon reflects 

notable deposition of ground substance (in-

cluding proteoglycans, glycosaminoglycans;) 

and even cartilaginous metaplasia (Fig 4-3). 

We debated its origin carefully, weighing the 

natural progression of ‘turkeydom’ and rapid 

weight gains effect on the tendons of the legs 

versus virally-induced changes. The bulk of 

participants felt that the deposition of anasto-

mosing ground substance was most attributa-

ble to the rapid weight gain (and increased 

shear and concussive force in this area.) 

Though it is possible that reoviral changes 

could weaken collagen and augment rupture 

of tendons, we did not have clear evidence of 

inflammatory cells associated with this mate-

rial (i.e. tendonitis). As such, we probably 

could (should?) have two morphologic diag-

noses for this case, but we could not agree on 

what to call this process with some partici-

pants unsatisfied with the vagueness of ‘ten-

dinopathy’ or ‘tendinosis’ or if (in true WSC 

fashion) an expected lesion in a heavy meat 

bird merited an entire paragraph to explain it 

(it appears it does)! It is some consolation 

perhaps to consider a comparison to human 

sports-induced tendinopathies,11 which have 

analogous gross and histologic appearance – 

something worth considering for those that 

enjoy running like the JPC residents do. 

Careful description of disorganized collagen, 

ground substance, the presence or absence of 

inflammatory cells, and changes in support-

ing stroma are helpful in categorizing these 

conditions.11 
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CASE I:   
 
Signalment:  
12-day-old, female, collared finchbill 
(Spizixos semitorques). 
 
History: 
A parent-raised chick was found dead on the 
ground outside of the nest without any pre-
monitory signs. The carcass was covered by 
ants. The weather conditions on the day be-
fore were reported to be very hot. 
 
Gross Pathology:  
The chick was in fair body condition with 
small amounts of visceral adipose tissue. No 
major gross changes were identified except 
for some loss of skin, which was presumed to 
be due to postmortem scavenging. 
 
Laboratory Results: 
Bacteria were identified as Clostridium pili-
forme on the basis of conventional PCR and 
subsequent sequencing (target bacterial 16S 
rRNA) utilizing formalin-fixed paraffin-em-
bedded brain tissue. 
 
Microscopic Description:  
Scattered throughout the cerebrum and af-
fecting approximately 30% of the neuropa-
renchyma are multiple poorly demarcated to 
coalescing areas of hypercellularity. These 
areas have slightly prominent vasculature and 
are occasionally associated with hypereosino-
philia or small lakes of extravasated erythro- 

 

 
Figure 1-1. Head, collared finchbill.  A slightly 
oblique cross section of the head is submitted 
for examination. (HE, 6X) 

 

cytes. The cells infiltrating the neuroparen-
chyma are with a mix of granulocytes (heter-
ophils), macrophages, and fewer lympho-
cytes and plasma cells, accompanied by in-
creased numbers of glial cells and some ne-
crotic debris. Occasionally, neurons are hy-
pereosinophilic with smudgy or pyknotic nu-
clei. Other neurons relatively frequently con-
tain stacks of faint, long, rod-shaped bacteria. 
Larger blood vessels within the inflammatory 
foci are frequently cuffed by dense aggre-
gates of mononuclear cells that are up to five 
cell layers thick. The inflammatory cells ad-
ditionally involve the overlying leptomenin-
ges.  
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Figure 1-2. Cerebrum, collared finchbill.  There 
are coalescing areas of hypercellularity, spon-
giosis, and small areas of hemorrhage within 
both cerebral hemispheres. (HE, 290X) 

 

Steiner’s silver and Gram stains were per-
formed to better characterize the intracellular 
bacteria. Myriads of strongly argyrophilic, 
curvilinear to filamentous bacilli were high-
lighted on the silver stain, mapping to the ar-
eas of inflammation and necrosis. On the 
Gram stain, these bacteria were gram-nega-
tive. 
 
Contributor’s Morphologic Diagnosis: 
Brain, cerebrum: moderate, multifocal to coa-
lescing, subacute heterophilic and necrotizing 
meningoencephalitis with myriad intracellu-
lar argyrophilic and gram-negative filamen-
tous bacilli, consistent with clostridial en-
cephalitis 
 
Contributor’s Comment: 
The characteristic histologic appearance of 
the intracellular filamentous bacilli was 
highly suggestive of Tyzzer’s disease, caused 
by Clostridium piliforme. The etiologic diag-
nosis was further supported by the strongly 
argyrophilic and gram-negative nature of the 
bacteria and subsequently confirmed by mo-
lecular techniques. There were no bacteria 
morphologically compatible with C. pili-
forme or necrotizing inflammation in the 
other examined organs however. 

Tyzzer’s disease has been reported in a wide 
variety of mammalian species and is a major 

differential diagnosis for cases of hepatitis, 
myocarditis, and colitis, especially when this 
triad of lesions is noted concurrently.7 While 
C. piliforme is not often thought of as a path-
ogen affecting birds, encephalitis in young 
birds is a known manifestation of Tyzzer’s 
disease.1,2,4,5 The condition is reported to af-
fect both wild and captive birds from several 
orders, including passerines, psittacines, and 
piciformes. Affected birds can present with 
neurologic signs such as head tilt and torti-
collis. Histopathologic changes are often lo-
calized to the brain and characterized by mul-
tifocal to coalescing areas of mixed inflam-
mation and necrosis.1-2 Less commonly, birds 
can present with lesions in the liver, heart, 
and gastrointestinal tract, similar to mam-
mals.4 

At our institution, we have identified seven 
cases of avian Tyzzer’s disease to date, in-
cluding five metallic starlings (Aplonis metal-
lica) between 11 to 25 days-old and two 
other collared finchbills (12 days old and 3 
years, 5 months old). Six of these cases had 
encephalitis with no evidence of argyrophilic 
bacteria in the other examined tissues. The 
one case without brain involvement was the 
only adult bird in this list. This adult finchbill 
had multifocal random hepatitis with intracel-
lular argyrophilic bacteria. Tyzzer’s disease 
should be on the list of differential diagnoses 
in young birds with encephalitis. 

 
Figure 1-3. Cerebrum, collared finchbill.  In ar-
eas of necrosis, glial cells occasionally contain 
1x3 bacterial rods within their cytoplasm (ar-
row).  (HE, 756X) 
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Contributing Institution:  
San Diego Zoo Wildlife Alliance 

Disease Investigations 

https://science.sandiegozoo.org/disease-in-
vestigations 

 
JPC Diagnosis: 
Brain: Meningoencephalitis, heterophilic and 
necrotizing, subacute, multifocal, moderate 
with intracytoplasmic filamentous bacilli. 
 
JPC Comment:  
This week’s moderator was Dr. Francisco 
(Paco) Uzal, Distinguished Professor of Vet-
erinary Diagnostic Pathology at UC Davis 
and a in gastrointestinal and clostridial dis-
eases.  

This first case was recently shared at the Da-
vis-Thompson Foundation’s 2024 Northeast 
Veterinary Pathology Conference and we are 
pleased to share it with a wider audience. 
Conference participants homed in on the 
prominent cuffing of vessels and heterophilic 
inflammation within the neuroparenchyma 
and meninges. The increased cellularity is 
notable, even for an avian brain (which are 
typically more cellular than their mammalian 
counterparts.)Differential diagnoses from the 
group favored viral etiologies (e.g. highly 
pathogenic avian influenza) and avian chla-
mydiosis. Dr. Uzal noted that visualizing in-
tracytoplasmic filamentous bacteria was dif-
ficult on H&E, though either a Gram or argy-
rophilic stains were helpful for making a de-
finitive diagnosis.  

The contributor nicely summarizes the cur-
rent literature on avian cases of Tyzzer’s dis-
ease and adds several observations from their 
own collection. We have covered C. pili-
forme many times in the WSC, most recently 
in a horse in Conference 4, Case 1, 2023-
2024. Neurologic involvement remains 
rare,although there is a recent case report in a 
cat of systemic involvement with cutaneous  

 
Figure 1-4. Cerebrum, collared finchbill.  A tis-
sue Gram-stain demonstrates aggregates of 
1x3um rods within the cytoplasm of glial cells.  
(BB, 400X) 

 

and neurologic infection.3 In this report, im-
munosuppression by concurrent infection 
with feline panleukopenia virus and traffick-
ing of bacteria by macrophages aided dissem-
ination of C. piliforme. This is not a feature 
of the present case. Finally, there is a single 
case report (from the archives of the AFIP) of 
zoonotic transmission of Tyzzer’s disease to 
a human patient infected with HIV-1 with cu-
taneous involvement,6 though this lesion was 
benign. 
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CASE II:  
 
Signalment:  
Less than 1 year-old female Texel ewe lamb 
(Ovis aries). 

 
History:  
Animal found dead with greenish serous na-
sal discharge and frothing.  No previous clin-
ical signs were reported by the owner. 

 
Gross Pathology:  

A female Texel ewe lamb was submitted to 
necropsy examination presenting good body 
condition and pale ocular mucosa. In nasal 
planum, a large amount of greenish serous na-
sal secretion was noticed. Submandibular and 
retropharyngeal lymph nodes presented mod-
erate enlargement and showed diffuse dark red 
coloration. In the nasal cavity, moderate 
amount of inert plant fibers and ruminal con-
tent were seen and turbinates were diffusely 
hyperemic. The thoracic cavity contained a 
small amount of translucent liquid (hydrotho-
rax). The lungs were not collapsed showing 
elastic consistency and abundant amount of  

 
Figure 2-1.  Esophagus, lamb. The cervical 
esophagus exhibits dilatation and sagging 
with congestion and petechiae on the serosa.. 
(Photo courtesy of: Setor de Patologia Veter-
inária, Universidade Federal do Rio Grande do 
Sul, Brazil (http://www.ufrgs.br/patologia/) 

 

foamy liquid in bronchi and trachea associated 
with inert plant fiber, as well as multifocal ar-
eas of consolidation found predominantly in 
the cranioventral region of the lungs. In the 
cervical segment of the esophagus moderate 
dilatation and sagging were noticed; the ad-
ventitia presented a moderate diffuse   colora-
tion with multifocal pinpoint hemorrhages 
smaller than 1 cm (petechiae). Moderate hy-
dropericardium and multifocal areas of hem-
orrhage in epicardium were noted. In addition, 
discrete amount of hairlike parasites compati-
ble with Haemonchus contortus in the aboma-
sum  

 
Laboratory Results:  
Blood and tissue samples were tested for BTV 
RNA detection by RT-qPCR.  Bacterial anal-
ysis was performed in lung tissue and Mann-
heimia sp. was isolated. 
 
Microscopic Description: 
A section of esophagus is examined. In mus-
cular layer, there is severe multifocal to coa-
lescing hyaline and flocculate degeneration 
and necrosis. Hyaline degeneration and ne-
crosis are characterized by hypereosinophilic 
and swollen  myofibers,   with rounded edges  
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Figure 2-2.  Lung, lamb. The lungs failed to col-
lapse and there is cranioventral consolidation. 
(Photo courtesy of: Setor de Patologia Veter-
inária, Universidade Federal do Rio Grande do 
Sul, Brazil (http://www.ufrgs.br/patologia/) 

 

in cross-section, sometimes showing hy-
percontracted and segmented cytoplasm with 
loss of striations, as well as pyknotic nuclei; 
eventually, myocytes display fragmented and 
flocculate sarcoplasm (flocculate degenera-
tion and necrosis). Moreover, multifocally, 
macrophages are noted infiltrating cell sarco-
plasm, as well as regenerating myofibers, 
which are characterized by elongated muscle 
cells with a row of central closely spaced nu-
clei containing myoblasts. In addition, mod-
erate to severe inflammatory infiltrate of 
macrophages, lymphocytes, and few neutro-
phils, edema as well as moderate multifocal 
congestion were associated with necrotic ar-
eas and mild fibroblast proliferation. In some 
sections, marked multifocal to coalescing ar-
eas of hemorrhage are observed in tunica ad-
ventitia.  Thin-walled structures consistent 
with Sarcocystis sp.  were observed in some 
slides. 

Contributor’s Morphologic Diagnosis: 
Esophagus: severe diffuse subacute necrotiz-
ing esophagitis. 

Contributor’s Comment:  
The gross and microscopic findings observed 
in the present case were compatible with 
bluetongue disease, which was confirmed by 

detection of BTV RNA through RT-qPCR.  
Bluetongue virus (BTV) is a non-enveloped 
arbovirus, a member of the Reoviridae fam-
ily, and is the prototype of the genus Orbi-
virus.1 Bluetongue (BT) is a hemorrhagic dis-
ease caused by BTV, which affects domestic 
and wild ruminants. Among domestic spe-
cies, sheep are the most susceptible and the 
severity of clinical signs can vary according 
to breed, age, and immune status of the af-
fected flock.2 In cattle, bluetongue is hardly 
noticed6 though cattle are defined as amplifi-
ers and reservoir hosts.8 Virus replication in 
endothelial cells of small vessels results in 
distinct disease findings associated with vas-
cular injury, such as tissue infarction, hemor-
rhage, vascular leakage, and edema.2 

BTV is a vector-borne virus, mainly transmit-
ted by biting midges from the genus Culi-
coides. South America has ideal climatic con-
ditions for the survival and proliferation of 
Culicoides spp., and as reported by indirect 
evidence (serological investigations), BTV 
has spread since 1978 all over the American 
continent, with the exception of Uruguay.3 
BT cases are likely underreported due to the 
presence of very mild clinical signs, which 
can be mistaken for other similar endemic 
diseases.3 

 
Figure 2-3.  Nasal cavity, lamb.  There are plant 
fibers and diffuse hyperemia of the turbinates 
within the nasal cavity. (Photo courtesy of: Se-
tor de Patologia Veterinária, Universidade 
Federal do Rio Grande do Sul, Brazil 
(http://www.ufrgs.br/patologia/) 
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Figure 2-4.  Esophagus, lamb.  One section of 
the esophagus is submitted for examination. 
There is a diffuse retiform pattern of pallor 
within the muscularis at subgross magnifica-
tion. (HE, 7X) 

 

Typical signs in affected sheep include py-
rexia, facial edema, ocular and nasal dis-
charge, crusting of the muzzle, dyspnea, oral 
erosions and ulcers, coronitis, lameness and 
weakness.2 The main gross findings de-
scribed by Antoniassi et al4 were esophageal 
dilation associated with non-collapsed en-
larged lungs and foamy fluid within the tra-
chea and bronchi, occasionally mixed with 
ruminal content. Hydropericardium, pale ar-
eas in the myocardium, and hemorrhagic foci 
scattered in the endocardium, epicardium and 
at the base of the pulmonary artery were also 
reported, as well as hyperaemia and erosions 
in the oral mucosa, and subcutaneous edema 
of the face. Aspiration pneumonia in BTV in-
fection is related to aspiration of rumen con-
tent after reflux episodes resulting from se-
vere injury of the esophageal muscles4,5 
which leads esophageal paralysis.6 The dis-
ease is named bluetongue due to the fact that 
the tongue may become edematous, con-
gested or cyanotic6 though this gross lesion 
was not seen in the present case.  

Histologically, edema, hemorrhage and mi-
crovascular thrombosis can be seen in areas 
with macroscopic lesions in acute presenta-
tions. These microvascular lesions are related 
with muscular necrosis.6 Bianchi et al7 de-
scribed that the most common lesions found 

were located in lungs, esophageal striated 
muscle, cardiac and skeletal muscles, primar-
ily in the neck and forelimbs.  

The differential diagnosis for BTV in sheep 
should include foot-and-mouth disease, con-
tagious ecthyma, sheep pox,8 photosensitiza-
tion, and peste des petits ruminants.6 Vitamin 
E and selenium deficiency may be consid-
ered, once muscular necrosis associated with 
mineralization may resemble the changes ob-
served in nutritional muscular dystrophy 
(NMD).8 Another orbivirus to take in consid-
eration is the Epizootic Hemorrhage Diseases 
Virus (EHDV), that may occasionally be re-
sponsible to mild clinical signs that resemble 
BTV in sheep.6  

BTV 12,5 BTV-1, BTV-4 and BTV-179 have 
been described in previous outbreaks in the 
State of Rio Grande do Sul.  Until the mo-
ment, the genotyping of the virus responsible 
for this case has not been performed. 

 
Contributing Institution:  
Setor de PatologiaVeterinária, Universidade 
Federal do Rio Grande do Sul, Brazil 
(http://www.ufrgs.br/patologia/). 

 
JPC Diagnosis: 
Esophagus, muscularis: Degeneration and ne-
crosis, monophasic, diffuse, moderate, with 
edema. 

 
Figure 2-5. Esophagus, lamb.  There is diffuse 
shrinkage and separation of myofibers with 
expansion of the interstitium. (HE, 109X) 
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Figure 2-6.  Esophagus, lamb.  Myocytes ex-
hibit one or more of the following:  variation 
in fiber size, hypereosinophilia, loss of cross 
striations (degeneration), cytoplasmic granu-
larity, fragmentation, nuclear pyknosis (ne-
crosis.)  There is edema and infiltration of the 
interstitium by macrophages.  (HE, 475X) 

 

JPC Comment:  
This second case prompted spirited discus-
sion among conference participants. The con-
tributor lays out a detailed summary of blue-
tongue with characteristic histologic features 
to look for, though these are challenging to 
confirm in this section. Although there is no-
table edema and myocyte degeneration and 
necrosis, the cause is not apparent. We did 
not identify vasculitis and/or thrombosis in 
this particular section which would be ex-
pected in this case, as BTV is an endothelio-
tropic agent.   

Conference participants offered ionophore 
toxicity as a potential etiology in this case, 
which is a ruleout for monophasic muscular 
injury in small ruminants.  Vitamin E/sele-
nium imbalance would likely result in poly-
phasic injury which would result  in addi-
tional lesions of mineralization and fibrosis,  
which are lacking in this case. Early degener-
ative changes are present in myocytes, to in-
clude the early reversible change of hyalini-
zation and hypereosinophilia resulting from 
glycogen depletion (and lack of replenish-
ment). We covered monensin and associated 
muscular changes in a recent WSC in a brah-
man calf (Conference 5, Case 3, 2024-2025).  

Our diagnosis is different from the contribu-
tor in this case. We framed this case as necro-
sis and degeneration (vice myositis) due to 
the lack of significant inflammation this sec-
tion.   In this case, the main driver of the le-
sion is the presumed vasculitis and ischemic 
damage – inflammation is mild at best in this 
lesion.  Additionally, the lack of involvement 
of the esophageal mucosa makes the focus of 
the lesion more selective, and we prefer to re-
strict the morphologic diagnosis to the mus-
cular tunics of the esophagus alone. 
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CASE III:  

Signalment:  
11-month-old, male Doberman, Canis lupus 
familiaris, dog. 

 
History:  
The dog was presented to the referring veteri-
narian with a 1-month history of persisting 
vomiting, diarrhea, and weight loss. On ab-
dominal ultrasound, an approximately 
16 x 6 cm echogenic, heterogeneous, poorly 
vascularized mass was in the mesogastrium 
extending from the caudal aspect of the liver 
to the area of the urinary bladder. Peritoneal 
effusion and reactive intestinal serosa were 
also appreciated. The dog underwent laparot-
omy for excision of the mass, but died during 
surgical procedure. 

 
Gross Pathology: 
On necropsy, an 18 x 7 x 5 cm firm, poorly 
demarcated, tan mass was firmly adhered to 
the greater curvature of the gastric wall, cap-
sule of the pancreas and serosa of the duode-
num and jejunum and gastric lymph nodes. 
On cut surface, the mass was tan with multi-
ple 1-4 mm yellow to green caseous areas  

 
Figure 3-1. Stomach, dog.  An 18 x 7 x 5 cm 
firm, poorly demarcated, tan mass was firmly 
adhered to the greater curvature of the gastric 
wall, capsule of the pancreas and serosa of the 
duodenum and jejunum and gastric lymph 
nodes.   (Photo courtesy of:  Setor de Patolo-
gia. Departamento de Clinica e Cirurgia Veter-
inárias, Escola de Veterinária, Universidade 
Federal de Minas Gerais, Belo Horizonte, Mi-
nas Gerais, Brazil) 

 

and up to 8 cm cystic necrotic foci with vis-
cous, yellow to brown exsudate. Along the 
serosa of the stomach, duodenum, and jeju-
num, there were multiple 2-4 cm in diameter 
nodules similar to the larger mass. The mu-
cosa of the stomach and intestines was 
grossly normal, without ulcerations. The peri-
toneum was diffusely dark red with engorged 
blood vessels. The left testicle had an approx-
imately 2 cm firm tan nodule within the pa-
renchyma.  

 
Laboratory Results: 
The bloodwork revealed leukocytosis 
(23.160/mm3) with neutrophilia 
(17.602/mm3) e monocytosis (1853/mm3). 
Chemistry results were normal. 

Frozen fragments of the mesenteric mass 
were submitted to DNA extraction and 
panfungal PCR using internal transcribed 
spacer (ITS) primers. Amplified DNA prod-
uct was submitted for sequencing and aligned  
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Figure 3-2.  Stomach, dog.  One section of 
stomach is submitted for examination.  The 
serosa (left) is expanded up to 1.5cm and 
contains multifocal to coalescing pyogranulo-
mas.  There are numerous aggregates of lym-
phocytes and plasma cells within the overly-
ing mucosa, expanded fibrotic submucosa, 
and muscularis. (HE, 7X) 

 

with Scedosporium apiospermum / Pseudoal-
lescheria boydii with 98.9% identity. 

 
Microscopic Description:  
Stomach: expanding the serosa and extending 
into the muscularis layer and submucosa is a 
dense inflammatory infiltrate forming multi-
focal to coalescing pyogranulomas. The cen-
ter of the pyogranulomas contains myriads of 
fungal hyphae surrounded by degenerated 
and intact neutrophils, cellular debris, epithe-
lioid macrophages, macrophages with foamy 
cytoplasm, fewer lymphocytes, eosinophils, 
plasma cells, and occasional Langhans multi-
nucleated giant cells. Hyphae are 2-3 µm in 
diameter wide with thin non-parallel walls 
containing septations, irregular branching and 
bulbous dilations up to 9 µm in diameter. Hy-
phae were positive on periodic acid Schiff 
and Gomori methenamine silver stain. Mela-
nine was not detected on Fontana Masson 
stain. The muscularis externa and serosa are 
expanded by reactive fibroblasts and abun-
dant deposition of fibrous connective tissue. 
Lymphoid follicles in the lamina propria are 
hyperplastic. 

 

Contributor’s Morphologic Diagnosis:  
Stomach: severe, multifocal to coalescing 
pyogranulomatous gastritis with numerous 
intralesional hyphae. 

 
Contributor’s Comment:  
Fungi within the genus Scedosporium are 
saprophytes distributed worldwide in soil and 
fresh water, especially in environments rich 
in organic matter and manure.1,11,17 

Scedosporium apiospermum was previously 
known as Scedosporium boydii, but they are 
currently classified as distinct species. Pseu-
doallescheria is the teleomorph or sexual 
stage of Scedosporium spp. and usually is not 
present in tissue samples.7,9 

Scedosporiosis is an emerging opportunistic 
fungal infection described in humans and ani-
mals.5,17 In humans, infection with 
Scedosporium apiospermum, Scedosporium 
boydii and Scedosporium aurantiacum (col-
lectively, the S. apiospermum species com-
plex) can result in two distinct diseases: my-
cetoma and systemic scedosporiosis 
(pseudallescheriasis). Mycetoma is a chronic 
infection of the skin and subcutaneous tissue 
characterized by the production of grains.  
 

 
Figure 3-3.  Stomach, dog.  Pyogranulomas are 
centered on aggregates of 3-4um septate fun-
gal hyphae with terminal conidia.   (HE, 381X) 
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Most human patients with systemic infection 
are immunocompromised and common af-
fected organs include lungs, nasal sinuses, 
bone, joints, and the brain10. Infection is usu-
ally through inhalation or traumatic inocula-
tion through the skin. Scedosporium-related 
pneumonia is reported after near drowning in 
contaminated water. 
 
In animals, few cases of cutaneous and sys-
temic scedosporiosis are described in dogs, 
cats, horses, cattle, and an elephant 
seal.3,4,8,14,18,21,22 In dogs, cutaneous infec-
tions are more often described in the digits, 
face and around the joints.5,6,15 Infections 
with Scedosporium spp. have been reported 
after cutaneous traumatic injuries and surgi-
cal procedures.6 In the present case, the dis-
tribution of the lesions suggests that the in-
fection occurred through ingestion, although 
the mucosa of the affected gastrointestinal 
tract was intact. Gastrointestinal foreign bod-
ies were not appreciated on gross examina-
tion and the dog had no history of previous 
surgical procedures. Immunosuppression and 
concomitant diseases are common predispos-
ing factor for systemic infection in human pa-
tients, including infection by human immu-
nodeficiency virus, diabetes, cystic fibrosis, 
neutropenia, those receiving prolonged high-
dose corticosteroid therapy, or those who 
have undergone allogeneic bone marrow 
transplantation.2,13,16,17,20 In this dog, all ma-
jor organs were evaluated by histopathology 
and there was no evidence of concomitant 
diseases that could have predisposed to infec-
tion or history of previous use of immuno-
suppressants. 
 
Although special stains (periodic acid-Schiff 
and Gomori methenamine silver) highlight 
characteristic morphologic features of the hy-
phae, these can be impossible to differentiate 
from Conidiobolus spp., Basidiobolus spp., 
Aspergillus, and Fusarium spp.12,19 Fungal 
identification of Scedosporium spp. requires  

 
Figure 3-4.  Stomach, dog.  Fungal hyphae are 
stained well with Gomori-methenamine sil-
ver. (GMS, 200X) (Photo courtesy of:  Setor de 
Patologia. Departamento de Clinica e Cirurgia 
Veterinárias, Escola de Veterinária, Univer-
sidade Federal de Minas Gerais, Belo Hori-
zonte, Minas Gerais, Brazil) 

 

culture along with DNA sequencing or ma-
trix-assisted laser desorption/ionization time-
of-flight (MALDI-TOF) mass spectrome-
try.10 Scedosporiosis should be considered as 
a differential diagnosis for fungal pyogranu-
lomatous gastroenteritis and peritonitis in 
dogs, especially when numerous fungal hy-
phae with bulbous dilations are observed. 

 
Contributing Institution:  
Escola de Veterinária, Universidade Federal 
de Minas Gerais (UFMG). 

www.vet.ufmg.br 

 
JPC Diagnosis: 
Stomach: Serositis, pyogranulomatous, 
chronic-active, multifocal, severe, with nu-
merous hyphae. 

 
JPC Comment:   
The contributor provides an interesting slide 
supported by an exhaustive background on 
Scedosporium apiospermum. The major mi-
croscopic features were readily apparent on 
H&E and special (fungal) stains alike. We in-
terpreted the multifocal presence of lymphoid 
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aggregates as secondary to the profound sero-
sal fibrosis and the resulting decrease in gas-
tric motility.  

We differed from the contributor’s morpho-
logic diagosis on two minor points. Similar to 
the discussion from Case 2, only one layer of 
the gastric wall is involved in the primary in-
flammatory process - for this reason, we de-
scribe this case as a serositis versus a gastri-
tis. Additionally, we also noted the morpho-
logic features of hyphae were best observed 
with histologic stains and not as well visual-
ized on HE (which forms the basis of the JPC 
morphologic diagnosis, as special stains are 
not available to conference participants in ad-
vance of the conference.  In this case, a silver 
stain best highlights the parallel walls, regu-
lar septation, irregular branching, and bulb-
ous dilations that were generously present in 
section. We agree with the contributor that 
PCR is ideal for confirming identity of fungal 
agents, though morphology can help to create 
a prioritized list of differentials. Dr. Uzal 
suggested to conference participants that Zy-
gomyces was unlikely in this case as hyphae 
have non-parallel wall hyphae and are 
pauciseptate23 whereas the hyphae in this sec-
tion were regularly septate and had conspicu-
ously (and almost perfectly) parallel walls. 
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CASE IV:  

Signalment:  
5-year-old, female, Scottish blackface sheep 
(Ovis aries). 

 
History: 
Presented to the Veterinary School farm ani-
mal clinic for investigation of ill thrift. Treat-
ment was given in response to a high faecal 
parasite egg count and the numbers de-
creased. The submitting farm has a history of 
ovine pulmonary adenocarcinoma.  
 

 
Figure 4-1.  Cecum, sheep.   A section of ce-
cum is submitted for examination. (HE, 7X) 
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Gross Pathology:  
Within the abdomen approximately 1 litre of 
yellow-tinged clear, watery fluid (hydroperi-
toneum) is noted.  

Diffusely, the walls of the ileum and the dis-
tal third of the jejunum are moderately to 
markedly thickened, the mucosal surface ex-
hibits a corrugated pattern and is bright yel-
low in colour. The mucosa of the caecum, 
diffusely, and colon, segmentally, are mildly 
to moderately thickened. 

Multifocally, the mesenteric lymph nodes are 
moderately enlarged, and upon cut section 
show moderate multifocal expansion of the 
cortex by firm white-grey tissue. 

 
Laboratory Results: 
Parasitology:  

• McMaster slide method: 2000 strongyle 
spp. eggs per gram (epg), 500 Moniezia  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
spp. epg, 1100 Coccidia spp. epg, 100 
Nematodirus spp. epg  

• Baermann technique: positive for Dictyo-
caulus filaria larvae. 

 

Serology:  

• Corynebacterium pseudotuberculosis: 
Negative 

• Maedi-Visna virus: Negative 
• Mycobacterium avium subsp. 

Paratuberculosis (MAP): Positive 
 

Microscopic Description:  
Caecum: Separating intestinal crypts, the lam-
ina propria and submucosa are diffusely mark-
edly expanded by large numbers of epithelioid 
macrophages. Within the cytoplasm of these 
cells there are large numbers of 4x1µm bacilli 
that fail to stain with HE stain but are acid-fast 
positive on Ziehl-Neelsen stain. Admixed 
with the macrophages are small numbers of  

Figure 4-2. Cecum, sheep. The mucosa and submucosa are markedly expanded by a dense eosino-
philic inflammatory exudate.  (HE, 50X) 
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Figure 4-3. Cecum, sheep. Remaining mucosal 
glands are markedly separated and replaced 
by sheets of macrophages. (HE, 381X) 

 

lymphocytes, plasma cells and occasional 
multinucleate giant cells. Similar inflamma-
tory cell infiltrates extend, multifocally, into 
the inner circular and outer longitudinal mus-
cular layers of the caecal wall. The serosa is 
expanded, diffusely, and the connective tissue 
is separated by clear, material (protein poor 
oedema) and contains small numbers of lym-
phocytes, plasma cells and macrophages, that 
latter containing acid-fast bacilli, which are 
present rarely in presumed lymphatics. Small 
numbers of intestinal crypts are lined by flat-
tened enterocytes. The blood vessels are filled 
with moderate numbers of erythrocytes (con-
gestion).  

 
Contributor’s Morphologic Diagnosis:  
Caecum: Typhlitis, chronic, histiocytic, dif-
fuse, marked with intra-histiocytic acid-fast 
bacteria.  

 
Contributor’s Comment:  
The microscopic features of this enteritis are 
consistent with diffuse multibacillary Myco-
bacterium avium subsp. paratuberculosis 
(MAP) infection, also known as Johne’s dis-
ease.3,7,12 

MAP is a Gram-positive, acid-fast, aerobic, 
non-motile, non-spore forming bacterium of 
the genus Mycobacterium, family Mycobac-
teriacea and a member of the Mycobacterium 

avium complex which comprises M. avium 
avium, M. avium sylvaticum, M. colombiense 
and M. intracellulare.10 

 

Premortem diagnosis is challenging, and the 
gold standard is based on faecal culture, 
which takes several weeks to months,3 or 
other tests such as Ziehl-Neelsen stained fae-
cal smears, ELISA, PCR, identification of 
MAP specific peptides, and expression of 
gamma interferon all of which will provide 
more rapid results. Liver biopsy has also 
been shown to have high sensitivity and spec-
ificity for identifying sheep with advanced 
disseminated infection.9 On post-mortem ex-
amination, the gold standard is based on cul-
ture and isolation of the bacteria although 
PCR of affected intestinal tissue samples for 
Insertion Sequence 900 (IS900) provides 
faster results and is MAP specific.3,6,11  
 
Infection is thought to occur in neonates and 
juveniles via ingestion of contaminated food, 
pasture, water, colostrum, and milk. MAP is 
thought to cross the intestinal mucosal barrier 
via preferential uptake by M-cells present 
overlying Peyer’s patches and mucosal lym-
phoid domes. Bacteria then invade subepithe- 
 

 
Figure 4-4.  Cecum, sheep.  The histiocytic in-
filtrate markedly expands the submucosa and 
extends into the superficial muscularis.  (HE, 
142X) 
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lial macrophages and modulate the immune 
system3,10,12 whilst concurrently inhibiting 
phagolysosome fusion, acidification and 
macrophage activation to avoid degradation.4 
Typically, the infection takes months to years 
before causing macroscopic lesions and clini-
cal signs. Experimental challenge in sheep 
usually requires an incubation period of 4 to 
8 months before the onset of clinical signs. 
Animals infected before 2 years of age ex-
hibit greater pathological and clinical mani-
festations compared to those infected when 
adult.  
 
Depending on the ensuing immune response 
to infection, different morphological presen-
tations of disease develop. The paucibacillary 
form of the disease is driven by a Th1 cell-
mediated interferon gamma response whereas 
the multibacillary Th2 form is a humoral re-
sponse driven by IL-10. The multibacillary 
morphology is thought to be caused by a 
switch from a Th1 response towards a Th2 
response or may be caused by a simultaneous  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Th1 and Th2 response with failure of the Th1 
component of inflammation.7 Depending on 
the inflammatory response, the affected mac-
rophages display different phenotypes, either 
M1 iNOS (inducible nitric oxide synthase) 
and TNF-alpha positive activated macro-
phages driven by Th1 mediated inflammation 
or M2 CD163, IL-10 and TGF-beta positive 
activated macrophages mediated by a Th2 re-
sponse.2 Additionally, 3 different subsets of 
M2 macrophages have been described: M2a 
is present in allergies and helps with killing 
and encapsulating parasites, M2b is driven by 
a Th2 inflammatory response induced by IL-
1 and M2c is induced by IL-10 and TGF-beta 
and is believed to be implicated in Johne’s 
disease progression towards the multibacil-
lary form.2 
 
MAP is subdivided in type I/III and type II 
strains which affect, predominantly, sheep 
and cattle, respectively. Additionally, types II 
and III have broader host ranges.6,11 MAP has 
been reported in numerous species including  

Figure 4-5.  Cecum, sheep.  Histiocytes have abundant grey-pink granular cytoplasm. (HE, 1250X) 
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a wide range of captive and wild ruminants, 
camelids, rabbits, equids, swine, lagomorphs 
and primates. It has also been detected in ro-
dents, carnivores and several species of wild 
birds but without evidence of disease.11 Rab-
bits may play a role in the epidemiology of 
the disease although it is not clear if they are 
naturally susceptible to the disease.1 Further-
more, MAP has been isolated from humans 
suffering from Crohn’s disease by PCR and 
FISH, but in human tissues it is in a myco-
bacterial cell wall deficient state, so is not 
acid-fast.6,11 
 

Contributing Institution: 

Veterinary Diagnostic Services 
School of Biodiversity, One Health & Veteri-
nary Medicine 
College of Medicine, Veterinary and Life 
Sciences 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

University of Glasgow 
https://www.gla.ac.uk/schools/vet/cad/ 
 
 
JPC Diagnosis: 

Intestine: Enteritis, granulomatous, chronic, 
diffuse, severe, with edema. 
 
JPC Comment:   
The conference concludes with a classic en-
tity that has been a frequent submission to the 
WSC. There was spirited debate on tissue 
identification in this case as participants were 
divided on whether or not there were villi 
present (i.e. consistent with small intestine) – 
Dr. Uzal was unable to resolve this question 
definitively, so we hedged with the lessspe-
cific “intestine” in our morphologic diagno-
sis. 

The microscopic features of this case align 

Figure 4-6.  Cecum, sheep. Histiocytes contain large numbers of cytoplasmic acid-fast bacilli. (HE, 
400X).  (Photo courtesy of:  Veterinary Diagnostic Services, College of Medicine, Veterinary and Life 
Sciences, University of Glasgow) 
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with the Th2 multibacillary pathogenesis that 
the contributor nicely summarizes. Sheets of 
macrophages expand the mucosa, lamina pro-
pria, and submucosa and ultimately result in 
a malabsorptive diarrhea that corresponds to 
the ill thrift noted clinically for this ewe. Dr. 
Uzal discussed that the submucosal involve-
ment in this case was not unusual for MAP, 
though it may be overlooked in the descrip-
tion. 

One feature not reported in this case is miner-
alization of the aorta and endocardium which 
is reported to occur in up to 25% of paratu-
berculosis cases.8 Macrophage activation, 
particularly of M1 macrophages, likely drives 
calcification of elastic fibers via deposition of 
vitamin D metabolites in response to cyto-
kines such as TNF-α, IL-1, and IL-8.6 Plastic-
ity of vascular smooth muscle to differentiate 
towards an osteoblastic phenotype under the 
influence of this same cytokine milieu likely 
also plays a role in vascular mineral deposi-
tion.6 Conversely, M2 macrophages impair 
osteogenesis and/or enhance osteolysis and 
mineral degradation. The interplay of se-
creted matrix metalloproteases, available ma-
trix constituents, and concurrent injury to the 
vessel via reactive oxygen species (ROS) has 
also been evaluated.6 Although not as well 
studied as in human atherosclerosis in which 
these processes have been more extensively 
studied, an understanding of this basic pro-
cess is helpful for understanding mineraliza-
tion in other diseases. Important ruleouts in 
this case include ingestion of calcinogenic 
plants (e.g. Cestrum diurnum and Trisetum 
flavescens) and hypervitaminosis D. 
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CASE I:   
 
Signalment:  
Seven-year-old, male rhesus macaque, 
Macaca mulatta.  

 
History: 
Euthanasia was due to chronic, progressively 
worsening diarrhea. 
 
Gross Pathology:  
The macaque was in very lean nutritional 
condition.  Liver was firmer than normal, and 
the common bile duct was dilated and tortu-
ous.  Visceral lymph nodes of the abdomen 
were enlarged, soft and confluent.  Large in-
testines had mucosal thickening. 

 
Laboratory Results: 
PCR: 1) Common bile duct:  Enterocytozoon 
bieneusi positive; Cryptosporidium negative.  

2) Mesenteric lymph node, spleen and ileum:  
Mycobacterium negative 

Bacteriology:  Colon:   Colon: E. coli, 
Klebsiella pneumoniae, Proteus vulgatus, 
Streptococcus viridans group, & Lactobacil-
lus spp present.  Strict Anaerobes: Prevotella 
oris & Peptoniphilus asaccharolyticus pre-
sent. 

Microscopic Description:  
Large intrahepatic bile ducts and the common  

bile duct had moderate, diffuse mucosal hy-
perplasia with moderate lymphocytic and  

 
Figure 1-1. Liver, rhesus macaque.  At subgross 
magnification, bile ducts are hyperplastic and 
there is bridging portal fibrosis. (HE, 7X) 

 

plasmacytic inflammation.  Portal triads were 
expanded by similar inflammation and bridg-
ing fibrosis is present.    Gram stains revealed 
small colonies of 1-2 µ, gram positive organ-
isms, typically in sloughed biliary epithelium.    

The liver had numerous granulomas in all 
lobes.  Granulomatous inflammation was also 
present in spleen intestines and axillary and 
mesenteric lymph nodes.      Acid fast stain of 
liver sections revealed small numbers of 
acid-fast positive bacilli within granulomas.  
The ileum had sheets of epithelioid macro-
phages with myriad intracytoplasmic acid-
fast bacteria.    
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Figure 1-2. Liver, rhesus macaque. The lining 
of bile ducts is markedly hyperplastic and the 
lamina propria is infiltrated by moderate 
numbers of lymphocytes and plasma cells.  
There is biliary hyperplasia and bridging portal 
fibrosis.  There are numerous small 
granulomas scattered throughout the hepatic 
parenchyma. (HE, 110X) 

 

Contributor’s Morphologic Diagnosis: 
Liver:  Cholangiohepatitis, hyperplastic, 
chronic. diffuse, moderate with intracellular 
protozoa, Enterocytozoon bieneusi.  

Liver:  Granulomatous hepatitis, moderate, 
multifocal (Mycobacterium avium complex, 
presumptive.)   

 
Contributor’s Comment: 
Enterocytozoon bieneusi (EB) is a microspor-
idian parasite that is frequently associated 
with diarrhea and biliary disease in SHIV and 
SIV infected macaques.  It also is a common 
cause of chronic diarrhea in human HIV pa-
tients. EB isolates are divided into 11 groups 
and numerous subgroups based on polymor-
phisms of ribosomal internal transcribed 
scribed spacer DNA. (ITS).5 Most laboratory 
primates have organisms from Group 1, sub-
group D which is the common strain that af-
fects humans. Wild and zoo apes and mon-
keys have EB isolated from different groups 
and/or subgroups. Transmission is likely di-
rect with organisms having been isolated in 
water and fresh produce. They have also been 
isolated from mollusks.3,4    
 

EB spores have been isolated from the feces 
of immunocompetent animals.6 Experimental 
infection of immune competent macaques by 
spores of human origin resulted in fecal shed-
ding in about 8 weeks with infections persist-
ing for months, and elevation of ALK but not 
ALT, GGT, or AST serum liver enzymes. 
Spores were isolated from bile and feces, but 
other developmental stages were not found 
and symptoms were not observed. Histology 
of the biliary tree of immunocompetent ma-
caques had lymphoplasmacytic cholecystitis 
and choledochitis.2 
 
Once infected, immunocompromised animals 
frequently develop symptoms concurrent 
with a drop in T4 (CD4) lymphocyte counts. 
If the T4 count remains stable, immunodefi-
cient animals can remain asymptomatic.2 In 
immune suppressed animals, infection results 
in hyperplastic cholecystitis and choledochi-
tis with lymphoplasmacytic inflammatory in-
filtrates. Though EB is associated with diar-
rhea, coinfections are common so the contri-
bution of EB to clinical signs is often uncer-
tain. All stages of the organism can be identi-
fied by in situ hybridization in mucosal cells 
of the biliary tree, duodenum, and jejunum. 
Plasmodia are multinucleated; they and spo-
roblasts measure between 4-12 um. Spores  
 

 
Figure 1-3. Liver, rhesus macaque.  There is 
marked biliary hyperplasia and fibrosis 
expanding portal triads. (HE, 457X) 
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Figure 1-4. Liver, rhesus macaque.  Numerous 
poorly formed granulomas composed of large 
numbers of spindled epithelioid macrophages 
are scattered throughout the parenchyma. 
(HE, 478X) 

 
and sporoblasts measuring 0.8-1.5 um can be 
visualized in sloughed biliary mucosal cells 
by using either Ziehl-Neelson acid-fast, 
Brown and Hopps, Weber’s modified tri-
chrome, or methenamine silver stains.  Only 
small numbers of organisms are found this 
way.2,6,7   Differential diagnoses include an-
other microsporidian organism, Cryptospor-
idium parvum, and ascending bacterial infec-
tions.7 

 
As microsporidia rely on host cells for nucle-
otides and amino acids, they are considered 
obligate pathogens.1 Although originally 
classified as protozoa, they have since been 
placed in a separate phylum and are thought 
to closely related to fungi due to protein and 
structural analysis, and simple sequence re-
peat RNA (SSR) gene sequencing.    They are 
characterized by chitinous spore walls, coiled 
polar tubules and a radiolucent vacuole and 
mitochondria-like organelles that lack mito-
chondrial genome.1 After ingestion, spores 
attach to host cell membranes using the polar 
tubule through which the sporoplasm enters 
host cell cytoplasm. It then becomes a meront 
which divides into plasmodia and through 
sporogony form sporoblasts that mature into 
spores.3,4 Studies on Encephalitozoon, an-
other microsporidian organism, have found 

that immunity is depended on CD8 lympho-
cytes, IFN-gamma and IL-12.3   
 
A commonly associated opportunistic coin-
fection with EB is atypical mycobacteriosis 
also referred to a non-tuberculous mycobac-
terium (NTM).  NTM are thought to be ac-
quired from either soil or water.  Species of 
the Mycobacterium avium-intracellulare spe-
cies complex (MAC) are most frequently 
identified.  Infections are characterized by 
diffuse granulomatous enterocolitis with 
large numbers of intracellular bacteria. Dis-
seminated disease also can occur with fewer 
organisms present in other organs which is 
the is the pattern of this case. Another com-
mon NTM species is M. kansasii which can 
be present asymptomatically. M genevense, is 
a species isolated in human HIV patients 
causes lesions that are similar to MAC with 
numerous bacteria.  One study found that ani-
mals were more likely to have symptoms 
from NTM when coinfections are present.8,10  
 
 

 
Figure 1-5. Liver, rhesus macaque.  Rare biliary 
epithelial cells contain cytoplasmic 
microsporidian spores.  
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Figure 1-6. Intestine, rhesus macaque.  
Epithelioid macrophages within the lamina 
propria contain numerous cytoplasmic acid-
fast bacilli. (Ziehl-Neilson, 600X) (Photo 
courtesy of: National Institutes of Health, 
Bethesda, MD) 

 
The reason for the negative mycobacteria 
PCR results in the presence of numerous bac-
teria in this case is uncertain. One lab found a 
45.1%% sensitivity with PCR compared to 
culture.9 A source of false negative results 
with PCR are interfering materials such has 
immunoglobulin and collagen.11   
 
Contributing Institution:  
National Institutes of Health, ORS 
 
JPC Diagnosis: 
1. Liver:  Cholangiohepatitis, proliferative 
and lymphoplasmacytic, chronic, diffuse, 
moderate, with bridging portal fibrosis and 
intraepithelial microsporidia.    

2.  Liver:  Hepatitis, granulomatous, multifo-
cal, moderate. 

 
JPC Comment:  
This week’s moderator is LTC Erica Barkei, 
JPC’s Chief of Resident Training and Educa-
tion. 

In this section, microsporidia are occasion-
ally visible on H&E and special stains, par-
ticularly within sloughed biliary epithelial 

cells. In this section, mycobacterial “granulo-
mas” do have epithelioid and/or multinucle-
ate giant cell macrophages, but lack sur-
rounding lymphocytes and fibrosis and a cen-
tral core of necrosis as is typical for Th1 
granulomas. As the contributor notes, macro-
phages containing non-tuberculous mycobac-
teria typically have fewer cytoplasmic organ-
isms outside of the colon, which may reflect 
the relatively limited degree of granuloma 
development within the liver seen in this 
case.  

There are several other important diseases of 
immunosuppressed macaques to consider 
(although not in this section.)  As the contrib-
utor notes, Cryptosporidium may also be seen 
within the biliary tract, though this causes 
suppurative inflammation which is noticeably 
absent in section. Cytomegalovirus (CMV) 
has characteristic intranuclear viral inclusions 
and is also necrotizing. Other common con-
infections include simian virus 40 (SV40), 
Candida albicans, Pneumocystis carinii, and 
Toxoplasma gondii. 
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and Bioanalytical Chem. 2020, 
412:2009–2023 

 
CASE II:  
 
Signalment:  
Adult, male, Ezo raccoon dog (Nyctereutes 
procyonoides albus) 

 
History:  
On March 29, 2022, a crow die-off occurred  

 
Figure 2-1.  Globe and palpebra, raccoon dog. 
Aggregates of inflammatory debris are pre-
sent within the palpebral fissure and beneath 
the eyelid. (HE, 7X) 

 

in a public garden in Sapporo, Hokkaido, Ja-
pan. Based on RT–qPCR and subsequent gene 
sequencing analyses, carcasses collected on 
March 29 and May 18, 2022, were confirmed 
to be infected with highly pathogenic avian in-
fluenza virus (HPAIV). On the same day as 
the die-off, a diseased raccoon dog was also 
noticed by the garden workers. Three days 
thereafter, the raccoon dog showed severe 
clinical signs of depression and blindness. It 
was captured for treatment but was considered 
to be at a humane endpoint from the veterinary 
viewpoint; thus, it was euthanized via isoflu-
rane inhalation. The raccoon dog was sub-
jected to postmortem examination.  

 
Gross Pathology:  
The raccoon dog was severely emaciated and 
moderately dehydrated. Severe bilateral con-
junctivitis with eye discharge was noted, and 
the lenses were mildly clouded. Nematodes 
were detected in the stomach. The kidneys 
were discolored. 

 
Laboratory Results:  
HPAIV genomes of the H5 subtype were de-
tected and the virus was isolated from the 
10% homogenates of the brain, trachea, and 
lung of the raccoon dog.2 
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Figure 2-2.  Palpebral fissure, raccoon dog. 
High magnification of the exudate within the 
palpebral fissure which is composed of viable 
and necrotic neutrophils, debris-laden macro-
phages, abundant cellular debris, and en-
trapped bacterial colonies. (HE, 1100X) 

 

Microscopic Description: 
Numerous degenerated and necrotic neutro-
phils and bacterial colonies are evident in the 
palpebral fissure. There is a mild infiltration 
of lymphocytes and neutrophils in the lamina 
propria of the palpebral and bulbar conjunc-
tiva of the upper eyelid. A moderate to severe 
lymphoplasmacytic and mild neutrophilic in-
filtration with mild fibrosis is observed in the 
lamina propria of the third and lower eyelid. 
Desquamation of conjunctival epithelial cells 
is sometimes seen. 

 
Contributor’s Morphologic Diagnosis: 
Eye (left): Conjunctivitis, diffuse, chronic, 
suppurative, severe 

 

Contributor’s Comment:  
Immunohistochemistry using anti-influenza 
virus NP (nucleoprotein) monoclonal anti-
body (clone 183/5), detected viral antigens in 
columnar epithelia lining the bulbar and pal-
pebral conjunctiva, most notably of the third 
eyelid.3 Moreover, viral antigens were de-
tected in the superficial glands under the con-
junctiva of the third eyelid.3 

This raccoon dog was found emaciated in the 
same park on the same day that the HPAIV-
infected crow was found dead. Raccoon dogs 
show greater dependency on fruits, plant 
seeds, and insects, although they also con-
sume animal resources during spring.1 That 
stated, garden workers did not observe this 
animal scavenging crow carcasses. Presuma-
bly, this raccoon dog was in in close contact 
with crow carcasses even if it did not ingest 
them. 
 
In tissues other than conjunctiva, viral anti-
gens were detected only in the tracheal cili-
ated epithelium and tracheal glands.3 Titers 
of infectious viruses found in the brain, lung 
and trachea homogenates were close to the 
limit of detection,3 which is likely due to 
clearance of the virus by an immune re-
sponse. Visual impairment is usually critical 
for wildlife animals. It was speculated that 
although the raccoon dog survived the acute 
phase of HPAIV infection, visual impairment 
caused by the secondary bacterial infection 
resulted in malnutrition and dehydration. 
 
Contributing Institution:  
Laboratory of Comparative Pathology 
Department of Clinical Sciences 
Faculty of Veterinary Medicine 
Hokkaido University 
Kita18, Nishi 9, Kita-ku, Sapporo 060-0818, 
JAPAN 
https://www.vetmed.hokudai.ac.jp/organiza-
tion/comp-pathol/e/index.html 

 
JPC Diagnosis: 

Conjunctiva:  Conjunctivitis, neutrophilic and 
lymphoplasmacytic, chronic-active, diffuse, 
marked. 

JPC Comment:  
This second case has an interesting backstory 
that comes full circle to current events and 
the ongoing spread of H5N1 HPAI clade 
2.3.4.4b viruses worldwide. We previously  
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touched on avian influenza in the context of 
an experimental case in a pig (Case 3, Con-
ference 14, 2024-2025). Although we dis-
cussed the role of viral shedding into milk 
and zoonotic potential therein, there is still 
plenty more left to say on this topic. 

The slide description for this case is not 
overly complicated, though conference par-
ticipants did not immediately offer HPAI as a 
presumptive cause for the disruption of the 
conjunctival epithelium and subsequent bac-
terial infection in this animal. Conjunctivitis 
is underappreciated as a clinical sign of 
HPAI, though recent human cases acquired 
from dairy or poultry workers2,7 have shown 
that this may be the only overt sign of dis-
ease. Similar to the tanuki in this case, work-
ers exposed to HPAI may only be exposed 
through the conjunctiva because of 
mask/glove wear or occupational factors such 
as the proximity of the eyeline of milking  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

parlor workers to the udders of the cows be-
ing milked. In comparison to the red fox that 
scavenged the carcass and developed sys-
temic viral infection3, this animal had evi-
dence of chronic infection and a host adap-
tive immune response – this may reflect a 
lower viral load and impact of the route of 
entry. The role of α2,3 sialic acid receptors 
on conjunctival epithelium and zoonotic 
transmission of avian influenza viruses has 
previously been established and likely played 
a role in the present case.3,4 

Similar to the fox’s outcome in the present 
case3, domestic cats have fallen ill or died af-
ter consumption of raw pet food diets and/or 
exposure to raw milk contaminated with 
HPAI.5 Systemic entry of HPAIV has been 
associated with endothelial cell targeting and 
vasculitis, a feature which is noticeably ab-
sent in this tanuki. Other classic manifesta-
tions of HPAI (in cats and beyond) include 

Figure 2-3.  Eyelid conjunctiva. The conjunctival epithelium is hyperplastic and multifocally eroded.  
The subconjunctival tissue is infiltrated by large numbers of neutrophils, lymphocytes and plasma 
cells, which also expand the interstitial collagen between acini of the lacrimal gland. (HE, 180X) 
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pancreatic necrosis, encephalitis, myocardi-
tis, and adrenal necrosis.6,8 

Finally, the contributor gave us a final puzzle 
to ponder for this case. As the animal was 
submitted as an ‘Ezo’ raccoon dog, we ex-
plored this aspect further. Accordingly, Ezo 
is borrowed from the Ainu language (an in-
digenous people from Northern Japan) and 
refers to the northern part of Meiji-era Japan, 
particularly Hokkaido, but also Sakhalin and 
the Kuril Islands.9 In modern usage, the term 
has largely disappeared, but is used to refer to 
several species native to northern Japan such 
as the Ezo fox (北狐), Ezo deer ( エゾシカ) 
and Ezo tanuki (エゾタヌキ). Additionally, 
there is not a consensus on the taxonomy, 
with Nyctereutes procyonoides albus and 
Nyctereutes viverrinus both being used to re-
fer to the same species native to Japan. As 
the contributor of this case is from Hokkaido 
and refers to the animal as a tanuki,3 we con-
clude that this is a native Japanese raccoon 
dog and not a related species that has been 
widely distributed across Asia and Europe. 
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CASE III:  

Signalment:  
Juvenile, female Angus cow, bovine (Bos 
taurus) 

 
History:  
This cow was one of 45 presenting with cuta-
neous lumps when mustered from a herd of 
95 animals. Rectal temperatures ranged from 
40-41ºC and some of the affected cows ap-
peared sick. Some cows were panting with  
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Figure 3-1.  Haired skin, ox. Photograph from 
one of the affected cows in the herd. Skin 
nodules were raised, non-ulcerated and 
ranged from 10-30mm diameter and were 
frequently over the neck and brisket. (Photo 
courtesy of:  Dr. Phillip Carter, Local Land 
Services, New South Wales) 

 

increased lung sounds. The mucous mem-
branes were pink. There was no evidence of 
typical photosensitization lesions in predis-
posed locations. 

 
Gross Pathology: 
Nodules were distributed over the neck, bris-
ket, thorax and to a lesser extent abdomen 
and forelimbs. Nodules ranged from 10-
30mm diameter and were not ulcerated, alt-
hough the surface of some could be scratched 
off. 
 
Laboratory Results: 
A Pan-Herpesvirus nested PCR was per-
formed, and the product was sent for Sanger 
sequencing. A BLAST query of the product 
sequence found it was 100% identical to Bo-
vine alphaherpesvirus 2 [MT862164] 181 nt 
partial sequence. A ruminant biochemistry 
panel found elevation in GLDH 96 U/L (0-30 
U/L), mild hyperglobulinaemia 48.4 g/L 
(30.0-45.0 g/L) and mild elevation in serum 
hemoglobin 0.25 g/dL (0.00-0.20 g/dL). A 
Capripoxvirus TaqMan assay on the EDTA 
blood and a skin scab was negative, and a 

Capripox double antigen multispecies ELISA 
performed on the serum sample was negative. 

 
Microscopic Description:  
Haired skin (x3): Within the sections of 
haired skin, multifocally within the epider-
mis, there are hypereosinophilic necrotic 
keratinocytes, numerous small expansions 
containing eosinophilic fluid (vesicles) and 
necrotic cell debris and degenerate neutro-
phils, sometimes forming small aggregates 
(micropustules). Multifocally, epithelial cells 
within the stratum basale, stratum spinosum 
and stratum granulosum are sloughed, re-
placed with clumps of multinucleated epithe-
lial cells with hypereosinophilic cytoplasm 
(syncytia). Moderate numbers of epithelial 
cells and syncytia within the surface epithe-
lium, and occasionally within epithelium lin-
ing hair follicles, contain 1-6µm diameter in-
tranuclear eosinophilic inclusion bodies with 
margination of chromatin. Multifocally, 
keratinocytes are swollen with clearing of cy-
toplasm (ballooning degeneration). There is 
mild, multifocal orthokeratotic hyperkerato-
sis, with mild to moderate extravasated eryth-
rocytes adjacent to the epidermal surface 
(hemorrhage). Throughout the superficial and  

 

 
Figure 3-2.  Haired skin, ox. One section of 
haired skin is submitted for examination. 
There is diffuse epidermal hyperplasia, foal 
hyperkeratosis and pustule formation, and a 
diffuse band of hypercellularity within the su-
perficial dermis. (HE, 7X) 
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Figure 3-3.  Haired skin, ox. There are numer-
ous viral cytopathic changes within the epider-
mis including intra- and intercytoplasmic 
edema with vesicle formation, syncytia for-
mation, and intranuclear and intracytoplasmic 
viral inclusions. (HE, 705X) 

 

deep dermis, there are multifocal, moderate 
infiltrates of neutrophils, lymphocytes, 
plasma cells, eosinophils and macrophages 
associated with cell debris, and multifocal 
mild to moderate separation of dermal colla-
gen fibres with clear space and/or eosino-
philic fluid (edema). Occasionally sebaceous 
glands are surrounded and infiltrated by neu-
trophils and apocrine glands are dilated. Few 
lymphatic vessels in the deep dermis are di-
lated. Within the dermis of one section, adja-
cent to the cut margin, there is a focal aggre-
gate of refractile material, surrounded by eo-
sinophilic necrotic material, and subsequently 
surrounded by a moderate margin of leuko-
cytes with squash artefact.  

 

Contributor’s Morphologic Diagnosis:  
Haired skin, dermatitis, necrosuppurative 
and, lymphoplasmacytic multifocal to wide-
spread, chronic-active, with edema, syncytial 
cells, pustules, vesicles and intranuclear epi-
thelial eosinophilic viral inclusion bodies, 
Bos taurus.  

 
Contributor’s Comment:  
Infection with Bovine Herpesvirus 2 (BoHV-
2) in cattle can cause two distinct clinical 

conditions: one is an acute onset, mild gener-
alized skin infection called Pseudo Lumpy 
Skin Disease (PLSD) which manifests as cu-
taneous nodules which develop a central de-
pression; the second is Bovine Herpesvirus 
Mammillitis (BHM), a localized ulcerative 
condition affecting the teats and udder of cat-
tle. The disease is found in many parts of the 
world and is likely transmitted by biting in-
sects or mechanically by equipment used on 
farms. The gross appearance of the general-
ized skin lesions can closely resemble Lumpy 
Skin Disease, which has trade implications in 
many countries.21 

Bovine herpesvirus 2 (BoHV-2) is an envel-
oped double stranded DNA virus approxi-
mately 150-200nm in size, belonging to the 
family Orthoherpesviridae, subfamily Al-
phaherpesvirinae, genus simplexvirus. 

Bovine herpesvirus 2 infection was first iden-
tified in Southern and Eastern Africa. Since 
its discovery in the 1950’s, it has been re-
ported almost globally with case reports from 
Europe, Japan, Australia, Brazil, the United 
States and Israel.2,3,8–10,13,16 

In the wild, BoHV-2 infects cattle, wild rumi-
nants and pseudo-ruminants (hippopota-
mus).13 Sheep have been experimentally in-
fected with BoHV-2 producing clinical dis- 

 

 
Figure 3-4.  Haired skin, ox. Viral inclusions 
and syncytia are present within reserve cells 
of sebaceous glands.  (HE, 847X) 
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Figure 3-5.  Haired skin, ox. Viral inclusions 
and syncytia are present within follicular epi-
thelium.  (HE, 531X) 

 

ease similar to Bovine Herpesvirus Mammil-
litis.17 Rabbits, guinea pigs and mice have 
also been experimentally infected with 
BoHV-2.8 

Transmission of BoHV-2 most likely occurs 
via intradermal injection of the virus by bit-
ing insects, or via contaminated equipment 
coming into contact with wounds and cuts. 
Biting flies have been demonstrated to be 
able to transmit the infection between cell 
cultures in the lab, and the distribution and 
seasonality of outbreaks of Pseudo Lumpy 
Skin Disease are thought to be related to the 
distribution and peaks in biting insect activ-
ity.6,9,12 Milking equipment is suspected of 
being able to transmit the virus within milk-
ing herds if clinically affected cattle are pre-
sent.5,10 

Serological surveys indicate that circulation 
of BoHV-2 in cattle can occur without any 
episodes of clinical disease suggesting most 
infections may be subclinical.8,9,15 

In experiments where BoHV-2 was intrader-
mally inoculated into the flank of cattle, a 
discrete raised swelling was observed at the 
injection site by day 3 post inoculation. Gen-
eralized discrete swellings appeared over the 
head, neck and dorsal body by day 6 which 
developed crusts which gradually lifted over 
the course of 3 weeks to reveal greyish-white 
areas of skin with reduced numbers of hairs 

(alopecia). Lymph node enlargement was ob-
served by day 5 and persisted to day 10 post 
inoculation.16 

In the field, the incubation period of BoHV-2 
is considered to be around 1-2 weeks, with 
skin lesions resolving 2-4 weeks after first 
appearing. Neutralizing antibodies appear 7-
14 days after initial exposure.16,18 Outbreaks 
can occur seasonally or sporadically depend-
ing on the activity of biting insects and the 
presence of naive hosts.11,19 

Post infection, like other herpesviruses, 
BoHV-2 becomes latent with the virus likely 
retreating to the neuronal tissue such as the 
trigeminal ganglion and possibly lymphoid 
tissue where it may lay dormant until infec-
tion is reactivated during periods of stress.3,17 

Generalized infection with BoHV-2 induces 
Pseudo Lumpy Skin Disease, which is char-
acterized by:1,4,16 

• Circumscribed cutaneous nodules over 
the body, frequently on the head, neck, 
shoulders, back and perineum. 

• Around 4-6 days after the appearance of 
gross lesions, the cutaneous lesions begin 
to crust over. The crusts eventually fall 
off leaving areas of alopecia. 

• Lesions disappear when the hair regrows. 

• Lymphadenitis may be observed during 
early stages of infection. 

• Animals make a full recovery without 
treatment. 

Localized infection with BoHV-2 of the ud-
der and teats is called Bovine Herpesvirus 
Mammillitis, and is characterized by:11,20 

• Variable sized tender edematous swell-
ings on the udder or teats. 

• Vesicles may appear on affected areas 
• The overlying skin then ulcerates and be-

comes painful, taking 3-10 weeks to heal 
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Figure 3-6.  Haired skin, ox. There is multifocal 
full-thickness epidermal necrosis and pustule 
formation.  (HE, 261X) 

 
Histopathological changes of BoHV-2 infec-
tion are characterized by the formation of ep-
ithelial syncytia initially within the stratum 
basale and inner stratum spinosum with 
prominent intranuclear eosinophilic inclusion 
bodies.11 Intranuclear inclusions are classi-
fied as Cowdry type A inclusions and have 
central eosinophilic or amphophilic deposits 
surrounded by a clear halo and the nuclear 
chromatin is pushed to the margin of the nu-
cleus.19 Intranuclear inclusions are most nu-
merous after the appearance of the gross nod-
ules but before the appearance of crusts 
(around 4-6 days later),1,11 which coincides 
approximately with the time when virus can 
be isolated or detected by PCR (see below). 
When the lesions crust over, the epithelium 
becomes necrotic and infiltrated by large 
numbers of neutrophils. Loss of the necrotic 
epithelium results in an ulcer which becomes 
covered with haemorrhage, fibrinous exudate 
and numerous degenerate neutrophils. Deeper 
in the dermis, there is edema and a mononu-
clear infiltrate. As the lesion heals, there is fi-
brosis in the superficial dermis with peri-
vascular infiltrates of mononuclear cells.11       

The following assays have been reported in 
the literature to support the diagnosis of 
BoHV-2 infection. 

 

 

Test Required 
Samples 

Notes 

PCR1,12,19 Fresh skin 
lesions 

Most likely to yield 
detectable virus DNA 

up to 8 days post 
infection or before 

cutaneous lesions crust 
over or ulcerate 

Cytology11 Early skin 
lesions (<5 
days after 

initial 
appearance) 

Presence of syncytia 
with intranuclear 

inclusions 

Serology - 
ELISA15 

Serum  

Serology – 
Serum 

neutralizatio
n9,18 

Serum Antibodies detected as 
early as 10 days post 

inoculation or about 5-7 
days after appearance of 

cutaneous lesions 

Serology – 
Immunofluo

rescent 
antibody test 

(IFAT)10 

Serum  

Negative 
staining 
electron 

microscopy1

9 

Fresh skin 
lesions 

Herpesvirus particles 
may be seen 

Virus 
culture6,9,10,16

,18 

Blood, Fresh 
skin lesions up 
to around day 

6-7 post 
infection 

Vero cells 

Calf kidney cells 

Fetal bovine muscle 
cells 

Madin Darby Bovine 
Kidney (MDBK) 

 

The following conditions should be consid-
ered as potential differentials for Bovine Her-
pesvirus-2 infection based on their clinical 
appearance.4,11,20 

338



13 
 

Disease Clinical 
Presentation 

Tests to diagnose/ 
differentiate 

Key differentiating 
histological features 

Viral    

Early-stage Lumpy 
Skin Disease 
(Capripoxvirus) 

Firm circumscribed 
cutaneous nodules 
which develop central 
areas of necrosis and 
scarring 

Capripox PCR, 
biopsy + 
histopathology, 
Electron microscopy 
demonstrating pox 
virus particles 

Epidermal vacuolar 
swelling with 
intracytoplasmic 
inclusions. Vasculitis 

Bovine 
Papillomavirus 

Papillomas or warts 
of varying size on 
body. Mostly 
frequently seen in 
younger cattle 

Biopsy + 
histopathology, PCR 
of skin lesions 

Unencapsulated, 
proliferative 
cutaneous neoplasm 
accompanied by basal 
cell hyperplasia, 
acanthosis and 
hyperkeratosis 

Bovine papular 
stomatitis 
(Parapoxvirus) 

Raised red papules, 
erosions or ulcers 
around muzzle and 
nose, occasionally 
elsewhere on the 
body 

Electron microscopy 
of tissue, virus 
culture, biopsy + 
histopathology, 
ELISA/Agar gel 
precipitation tests to 
look for antibodies 

Epidermal vacuolar 
swelling with 
intracytoplasmic 
inclusions, epidermal 
proliferation 

Pseudocowpox 
(Parapoxvirus) 

Raised red sores, 
scabs or vesicles on 
teats, thighs or 
perineum 

PCR on skin lesions, 
scabs or blood, 
biopsy + 
histopathology. 

Epidermal vacuolar 
swelling with 
intracytoplasmic 
inclusions, epidermal 
proliferation 

Cowpox 
(Orthopoxvirus) 

Papules or ulcers on 
the teat or udder 

PCR of skin lesions, 
electron microscopy 
of scabs 
demonstrating pox 
virus particles14, 
biopsy + 
histopathology 

Epidermal vacuolar 
swelling with 
intracytoplasmic 
inclusions, focal 
epidermal 
hyperplasia. 

BVDV dermatitis Patchy hyperkeratosis Bovine Viral Diarrhea  
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around neck, shoulder 
and perineum 

Virus Antigen ELISA 
or PCR on ear notch, 
blood, hair or visceral 
organs 

Bovine Herpesvirus 4 Vesicles, pustules and 
ulcers on udder. Teats 
are usually not 
involved 

PCR on skin lesions, 
serological testing, 
biopsy + 
histopathology 

Intraepithelial 
pustular dermatitis 

Bacterial    

Dermatophilosis 
(Dermatophilus 
congolensis) 

Papules with crusts 
entrapped in hair and 
areas of alopecia 
often over the dorsal 
aspect of head, neck 
and body 

Bacterial cultures, 
cytology of crusts, 
biopsy + 
histopathology 

Multiple parallel rows 
of cocci, trapped 
within alternating 
layers of 
hyperkeratosis and 
serous fluid and 
degenerate 
neutrophils. Purulent 
folliculitis 

Cutaneous 
tuberculosis 
(Mycobacterium 
bovis) 

Single or multiple 
nodules, abscesses or 
ulcers 

PCR, mycobacterial 
culture, biopsy + 
histopathology 

Pyogranulomatous 
dermatitis with 
central caseous 
necrosis with acid fast 
bacilli present. 

Fungal    

Dermatophytosis 
(Ringworm, 
Trichophyton 
verrucosum) 

Expanding circular 
hairless lesions 
mostly on head and 
neck. May appear red 
and moist to scaly 
and grey. 

Dermatophyte 
cultures, biopsy + 
histopathology, PCR 

Fungal hyphae 
clustering within hair 
shafts and 
arthrospores around 
the outside of hairs. 

Parasites    

Mites (multiple 
species) 

Nodules, alopecia and 
crusts which may be 
itchy 

Superficial or deep 
skin scrapings 
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Onchocercosis Cutaneous nodules 
over brisket, abdomen 
and udder 

Biopsy + 
histopathology 

Presence of 
microfilaria, 
surrounded by 
eosinophilic 
inflammation 

Besnoitiosis 
(Besnoitia sp.) 

Alopecia, scaling and 
thickening of skin 
over neck ,shoulders 
and rump 

biopsy + 
histopathology, PCR, 
serology 

Presence of protozoal 
tissue cysts 

Hypoderma sp. 
(warbles) 

Firm raised nodules 
in the skin frequently 
along the back and 
shoulders 

Clinical examination 
and presence of 
breathing holes 

Serological tests 

 

Neoplasia    

Cutaneous 
Lymphoma 

Multifocal 
subcutaneous/intracut
aneous nodules, often 
accompanied by 
alopecia, 
lymphadenopathy 

biopsy + 
histopathology, 
haematology may 
reveal lymphocytosis. 
May arise 
sporadically and not 
necessarily be 
associated with 
bovine leukosis virus 
infection 

Sheets of neoplastic 
lymphocytes. 

Mast cell tumor Mulltifocal cutaneous 
or subcutaneous 
nodules over body +/- 
alopecia +/- 
pigmented +/- 
ulceration 

biopsy + 
histopathology 

Sheets of neoplastic 
mast cells often 
accompanied by 
numerous eosinophils 

Other    

Photosensitization Alopecia, erythema 
and blistering of non-
pigmented skin 

History – exposure to 
toxic plants, drug 
administration,  
biochemistry – liver 
function, biopsy + 

Coagulative necrosis 
of epidermis, dermal 
edema, vascular 
necrosis 
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histopathology 

Skin 
allergies/urticaria 

Haired wheals +/- 
crusts anywhere on 
the body, angioedema 

History of recent drug 
administration, insect 
or plant exposure, 
response to 
glucocorticoid 
administration, 
biopsy + 
histopathology 

Dermal edema, 
perivascular 
infiltrates of 
granulocytes, mast 
cells and lymphocytes 
inconsistently present 
in upper to mid 
dermis. 

 
Contributing Institution:  
Elizabeth Macarthur Agricultural Institute, 
Department of Primary Industries and Re-
gional Development 
JPC Diagnosis: 
Haired skin:  Dermatitis, necrotizing, sub-
acute, diffuse, severe, with epithelial viral 
syncytia, intranuclear viral inclusions, cor-
neal pustules, mixed dermal infiltrates, and 
edema. 

JPC Comment:   
The contributor provides an excellent section 
to accompany an thorough writeup on the 
topic. The slide has generous viral inclusions 
and syncytia along with raised vesicles to es-
tablish an etiological diagnosis. Conference 
participants did touch on the nature of intra-
cellular and intercellular edema in this case –  

 
Figure 3-7.  Haired skin, ox. There is marked 
mixed dermal inflammation, dilation of apo-
crine glands, and thickened and tortuous der-
mal arterioles.  (HE, 179X) 

the lack of overt cellular swelling and intra-
cytoplasmic inclusions lowered suspicion for 
a poxviral etiology. 

One ancillary finding in section was a focal 
granuloma centered on foreign material (pos-
sibly plant material). We speculated that this 
might be secondary to necrosis of the overly-
ing epithelium and entry into the dermis, 
though the adjacent portions of skin lack sig-
nificant viral changes. This lesion is at the 
edge of the section and is only on one of the 
three sections of skin provided which limits 
further interpretation of this incidental obser-
vation. 
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World Organisation for Animal Health 
(OIE) 2024: 
 

 
CASE IV:  

Signalment:  
8 week old, female intact, C.B-17 scid mouse 
(Mus musculus). 

 
History: 
This mouse was part of research project to 
study the role B. burgdorferi virulence fac-
tors in the pathogenesis of Lyme Borreliosis. 
The mouse was inoculated on the lumbosa-
cral region via SQ with Borrelia burgdorferi 
B31- A3 strain and was euthanized 4 weeks 
post-challenge.   

Gross Pathology:  
Bilaterally, the tibotarsal joints were mark-
edly thickened and swollen on the cranial as-
pect. 

 
Laboratory Results: 
BSK-II culture media was positive for B. 
burgdorferi.  Spirochetes were isolated from 
a section of the tibiotarsal joint. White blood 
cell counts demonstrated a neutrophilia (5.57, 
ref 0.43 – 3.58 K/uL). Spirochetes were 
demonstrated in areas of tenosynovitis by im-
munohistochemistry and Warthin-Starry stain 
in the tibiotarsal joints.    

Microscopic Description:  
Tibiotarsal joint. Arising from antero-distal 
tibial metaphysis to the antero-proximal as-
pect of the tarsal bones is a well-demarcated, 
densely cellular, thickened and inflamed syn-
ovium, regionally admixed with an irregular 
trabecula of woven bone. The synovium is 
markedly hyperplastic by numerous, variably 
sized, spindle to spindloid synovial cells 
closely packed to each other and is lined by a 
discontinuous, single layer of plump synovio-
cytes. The synovium is diffusely infiltrated by 
large numbers of neutrophils and moderate  

 
Figure 4-1.  Leg, SCID mouse.  A section of hind 
leg is submitted for examination.  At subgross 
magnification, there is marked expansion of 
the tibiotarsal joint. (HE, 7X) 

 
numbers of macrophages. The synovial space 
and tendon sheaths are infiltrated by moderate 
numbers of neutrophils and fewer macro-
phages mixed with eosinophilic proteinaceous 
fluid, fibrin, sloughed cells, necrotic cells, and 
karyorrhectic debris. The periosteum along 
antero-distal tibial metaphysis and epiphysis 
is expanded by an irregular intertwined trabec-
ula of woven bone that is incompletely miner-
alized (periosteal remodeling) and contains 
numerous osteocytes. The immature trabecula 
is lined by osteoblasts, entraps mesenchymal 
stromal cells, and is regionally bounded by or-
ganized island of cartilage undergoing endo-
chondral ossification (bone formation). The 
edges of the woven bone are irregular and 
scalloped and often lined by osteoblasts and 
fewer osteoclasts within Howship’s lacunae 
(remodeling). Within the inflamed synovium 
a focal subperiosteal trabecula, arranged per-
pendicularly to zones of bone remodeling, is 
composed of woven bone at different stages of 
mineralization. The synovium and adjacent 
tendon sheaths in the remaining proximal tar-
sal bones and plantar aspect of the tibiotarsal 
joint is mildly hyperplastic and infiltrated by 
low numbers of macrophages. In these areas 
synovial spaces contain proteinaceous fluid 
mixed with individual sloughed synovial cells 
and rare karyorrhectic debris. 
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Contributor’s Morphologic Diagnosis:  
Tibiotarsal joint: Tenosynovitis, neutrophilic 
and histiocytic, with synovial hyperplasia and 
hypertorphy, periosteal bone formation and 
remodeling, regional, marked, chronic. 

 
Contributor’s Comment:  
The C.B-17 scid (SCID) mouse presented in 
this submission was part of a study to deter-
mine the pathogenicity and tropism of Borre-
lia burgdorferi strains deficient in different 
virulence factors. The mouse was part of a 
control group of SCID mice that were inocu-
lated with a high dose of B. burgdorferi B31-
A3 (wild-type) strain. C.B-17 scid (SCID) 
mice are homozygous for the Prkdcscid muta-
tion resulting in severe combined immunode-
ficiency.7 This mouse strain lacks functional 
lymphocytes (both T and B cells) because of 
impaired VDJ rearrangement.7 SCID mice  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

exhibited the following features: marked 
lymphopenia, agammaglobulinemia, and high 
susceptibility to opportunistic infections.7,11 

The use of laboratory mice has provided val-
uable insights into the immune response and 
pathogenesis of Lyme arthritis and carditis. 
Mice infected with Borrelia burgdorferi (Bb) 
can also develop myositis, arteritis/vasculitis, 
and peripheral neuritis, which parallel with 
lesions seen in Lyme disease patients.1,3,4 
There are several factors that should be con-
sidered when evaluating phenotypes in this 
model. For example, disease severity in la-
boratory mice is influenced by genotype, im-
mune status, age of the mice, Bb strain and 
passage history of the strain, infectious dose, 
and route of inoculation.2,4,9 It is well-ac-
cepted that inbred mouse strains are equally 

Figure 4-2. Tibiotarsal joint, SCID mouse. The tendon sheath is markedly expanded up to 1mm and 
the interface between it and the underlying synovium is effaced by abundant granulation tissue.  
Granulation tissue infiltrates the lamellar bone of the distal tibia.  Dorsal to the tibiotarsal joint, 
there is marked periosteal new bone growth with a focal area of mature cartilage.  (HE, 75X) 
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susceptible to Bb infection, but the suscepti-
bility of arthritis is dependent on the mouse 
genotype.3  
 
The C3H/HeN and C3H/HeJ mice are often 
used to study histopathological changes in 
the joints as these mouse strains develop 
moderate to severe subacute tenosynovitis in 
the tibiotarsal joints.3,4 Bb reaches the tibio-
tarsal joint after 2 weeks of intradermal or 
subcutaneous inoculation of spirochetes.4 At 
4 weeks of infection, the inflammation in 
synovium, tendon sheaths, and periarticular 
connective tissue is predominantly composed 
by neutrophils mixed with moderate numbers 
of macrophages, fibrinous exudate in joint lu-
men, and hyperplasia and hypertrophy of the 
synovium surrounding the tibiotarsal joints.4 
BALB/c mice develop mild to moderate te-
nosynovitis and C57BL/6 mice develop mild 
tenosynovitis following infection with Bb.4,12 
In contrast, SCID mice develop more severe 
tenosynovitis than immunocompetent mouse 
strains as SCID mice exhibit higher bacterial 
loads in the tibiotarsal joints and develop per-
sistent infections in tissues.4 The lesions seen 
in the tibiotarsal joints of SCID mice infected 
with Bb are characterized by marked hyper-
plasia and hypertrophy of synoviocytes with 
multifocal moderate to marked neutrophilic 
to histiocytic inflammation in synovium, lig-
aments, and tendon sheaths (e.g., tibiotarsal 
extensor tendon), fibrin and proteinaceous 
exudate.3,4 As shown in this case the lesions 
are commonly noted at 4 weeks of infection 
but can persist for 8 weeks post-inoculation 
when mice SCID mice are inoculated with 
high doses of Bb. Spirochetes are readily vis-
ible by silver stains and/or immunohisto-
chemistry, which are often observed within 
the proliferating synovium and associated 
with neutrophils and macrophages. The distal 
tibia in SCID mice often exhibits areas of 
periosteal remodeling and endochondral ossi-
fication with new bone formation.3,4 Occa- 
 

 
Figure 4-3. Tibiotarsal joint, mouse. Repre-
sentative high magnification photomicro-
graph of the tibiotarsal joints from a SCID 
mouse in which silver impregnated spiro-
chetes are frequently visualized in the in-
flamed synovium. Warthin-Starry stain. 
(Warthin Starry 4.0, 400X) (Photo courtesy of:  
Memorial Sloan Kettering Cancer Center, The 
Rockefeller University, Weill Cornell Medi-
cine. https://www.mskcc.org/re-
search/ski/core-facilities/comparative-medi-
cine-pathology-0) 

 
sionally, severe lesions in SCID mice can de-
velop progressive pannus in joint spaces with 
regional inflammation and destruction of ar-
ticular cartilage and subchondral bone.4 

 
The use of mouse strains deficient in compo-
nent of the acquired immune system have 
been instrumental to understand their role in 
host defense against Bb infection. Several 
studies have demonstrated the importance of 
B cell activation and immunoglobulin pro-
duction in the control of Bb infection in vivo. 
(6, 13, 20) Mice deficient antibody produc-
tion, such as µMT-/- mice (lack B cells but 
bear T cells) and SCID and rag1-/- mice (lack 
B and T cells) developed persistent tenosyno-
vitis and carditis and exhibited an elevated 
bacterial burden in tissues. (6, 13, 20) In con-
trast, studies with mice lacking all T cells 
(TCR β/δ -/-) or only αβ TCR-expressing 
cells, or with mice depleted of CD4 or CD8 T  

346



21 
 

 
Figure 4-4.  Tibiotarsal joint, mouse. Repre-
sentative high magnification photomicro-
graph of the tibiotarsal joints from a SCID 
mouse in which spirochetes are detected in 
the inflamed synovium and periosteum. 
(anti-B. burgdorferi, 400X) (Photo courtesy of:  
Memorial Sloan Kettering Cancer Center, The 
Rockefeller University, Weill Cornell Medi-
cine. https://www.mskcc.org/re-
search/ski/core-facilities/comparative-medi-
cine-pathology-0) 

 
cells, have shown a minor role for T cell-de-
ficiency during course of Bb infection. (20) 
 
The signaling pathway involved for the en-
hanced severity of tenosynovitis in C3H mice 
was identified by global gene expression 
analysis in Bb-infected tibiotarsal joints. Mil-
ler et al., demonstrated that type I interferons 
were upregulated in the tibiotarsal joints of 
C3H mice at 1 week of Bb infection, 2-3 
weeks prior the development of subacute te-
nosynovitis in this mouse.14,15 The peak of 
type I interferons (IFN-α/β) likely occurred 
prior to infiltration of lymphocytes into the 
joints lesions of C3H mice.14,20 The involve-
ment of type I interferons in tenosynovitis 
was subsequently confirmed by either the 
systemic administration of a type I interferon 
receptor (IFNAR-1) blocking antibody or the 
ablation of the IFNAR1 in mice, which re-
sulted in suppression of type 1 interferons 
and  tenosynovitis in tibiotarsal joints of 

mice.14,20 The early upregulation of IFN-re-
sponsive transcripts was absent in the joints 
from tenosynovitis resistant C57BL/6 
mouse.14 Instead, Bb infected C57BL/6 mice 
displayed an increased expression in genes 
involved in epidermal differentiation, cell ad-
hesion, cell-cell interaction, and wound re-
pair.14,15 Additionally, IL10-/- mice on the 
C57BL/6 background showed several IFN-
inducible transcripts were markedly upregu-
lated in the joints at 2 weeks of infection and 
exhibited increased tenosynovitis severity.18 
Infected IL-10−/− mice also exhibited upregu-
lation of inflammatory mediators, such as 
IFN-γ, CXCL9, and CXCL10 and tibiotarsal 
joints were infiltrated with NK cells, NKT 
cells, CD4+ T cells, and macrophages.18 

 
Unlike most classical gram-negative bacterial 
pathogens, Bb does not produce LPS or tox-
ins and lacks a specialized secretory system. 
Instead, the Bb genome encodes numerous 
surface lipoproteins that allow spirochetes to 
adapt, adhere, invade, and/or persist in tis 
sues.17 These surface proteins are recognized 
by TLR2 receptor and induce a proinflamma-
tory response via MyD88 signaling path-
way.8,17 In addition, CD14 is a glyco-
sylphosphatidylinositol (GPI)-anchored 
membrane protein expressed on macro-
phages/monocytes that serves as a co-recep-
tor for TLR2 to facilitate the activation of the 
innate immune response against Bb.8 Previ-
ous studies have shown that the loss of either 
TLR2 or CD14 in mice leads to a defective 
innate immune response against Bb, and both 
TLR2-/- and CD14-/- mice showed an in-
creased severity of tenosynovitis.5,21 There 
are several inflammatory mediators, such as 
prostaglandins, leukotrienes, neutrophil re-
cruiting chemokine (KC) among others, in 
which the use of targeted gene-knockout 
mouse strains have demonstrated their role in 
modulating tenosynovitis in Bb-infected 
mice.6,16 In addition, classical forward ge-

347



22 
 

netic experiments using intercross popula-
tions between C3H and B6 mice led to the 
identification of multiple Bb arthritis–associ-
ated (Bbaa) quantitative trait loci (QTL) on 
five different chromosomes of the mouse 
(chromosome 1, 4, 5, 11 and 12).19 

 
Natural bacterial infections resulting in pri-
mary arthritis in laboratory mice are rare, but 
arthritis can occur as result of septicemia 
and/or local opportunistic bacterial infections 
in the joints. Septic arthritis has been de-
scribed in laboratory mice infected with 
Streptobacillus moniliformis and Corynebac-
terium kutscheri.10 Monoarticular pyogenic 
arthritis may occur as result of opportunistic 
bacterial infections due to cutaneous abra-
sions and lacerations infected with opportun-
istic bacteria.10 Bacterial agents that can 
cause suppurative arthritis in laboratory mice 
include Staphylococcus aureus, Group B 
Streptococcus spp. Rodentibacter pneumo-
tropica, E. coli, and Klebsiella pneumoniae 
spp. Experimental infections with Myco-
plasma pulmonis can cause polyarthritis in 
experimentally inoculated B cell-deficient 
mice and SCID mice, and immunocompetent 
C3H/HeN mice.10 However, arthritis is not a 
significant feature in natural M. pulmonis in-
fections in mice.10 M. pulmonis induced ar-
thritis is characterized initially by suppurative 
inflammation affecting primarily the carpal 
and tarsal joints and associated tendon 
sheaths. As the process becomes chronic, 
lymphocytic cell infiltration and synovial hy-
perplasia are common histological features in 
the affected joints.10 

Contributing Institution: 
Laboratory of Comparative Pathology, Me-
morial Sloan Kettering Cancer Center, The 
Rockefeller University, Weill Cornell Medi-
cine.  

https://www.mskcc.org/research/ski/core-fa-
cilities/comparative-medicine-pathology-0  

 

 
Figure 4-5.  Tibiotarsal joint, mouse. Repre-
sentative immunohistochemistry of the tibio-
tarsal joint in which moderate to large num-
bers of Ly6G+ neutrophils are detected in ar-
eas of synovial hyperplasia and hypertrophy. 
(anti-Ly6+, 400X) (Photo courtesy of:  Memo-
rial Sloan Kettering Cancer Center, The Rocke-
feller University, Weill Cornell Medicine. 
https://www.mskcc.org/research/ski/core-
facilities/comparative-medicine-pathology-0) 

 

JPC Diagnosis: 

Tarsal joint:  Tenosynovitis, proliferative and 
neutrophilic, chronic, diffuse, severe with fo-
cal bony lysis and periosteal new bone growth 
 
JPC Comment:   
We were excited to finally utilize this case as 
it has been waiting on our shelf for several 
years for a moderator willing to jump into the 
details that are so painstakingly crafted. Ex-
perimental disease cases can be difficult to 
read cold as JPC conference participants only 
get the tissue and species in advance of the 
conference date, and a single HE section 
without access to the special stains that 
demonstrate the presence and morphology of 
an infectious agent. 

Many conference participants considered ne-
oplasms such as histiocytic sarcoma and oste-
osarcoma as primary differentials in this case 
given the involvement of the cortical bone  
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Figure 4-6.  Tibiotarsal joint, mouse. Repre-
sentative immunohistochemistry of the tibio-
tarsal joint in which moderate to large num-
bers of Ly6G+ neutrophils are detected in ar-
eas of synovial hyperplasia and hypertrophy. 
(anti-Ly6+, 400X) (Photo courtesy of:  Memo-
rial Sloan Kettering Cancer Center, The Rocke-
feller University, Weill Cornell Medicine. 
https://www.mskcc.org/research/ski/core-
facilities/comparative-medicine-pathology-0) 

 

and the extensor tendon. That said, the ab-
sence of mitotic figures and matrix and the 
presence of many neutrophils are more sug-
gestive of granulation tissue than neoplasia. 
Periosteal new bone formation reflects peri-
osteal irritation and could support either bony 
infection or neoplasia. Some participants 
considered the potential for an induced neo-
plasm (i.e. osteosarcoma) secondary to in-
flammation, though the role of Bb in neo-
plasia appears to be limited to a short de-
scription in certain human breast cancers.22 

Conference participants also discussed “pan-
nus” in the context of this lesion. “Pannus” 
describes the spread of fibrovascular or gran-
ulation tissue across multiple organs includ-
ing the cornea, joint surfaces, and the endo-
thelium. In a veterinary context, this can be 
confusing as chronic superficial keratitis 
(also referred to as “pannus”) is more com-
monly seen in primary practice than erosive 

polyarthritis. Additionally, veterinary litera-
ture seldom uses the term pannus to describe 
thickening of the joint and/or bony/cartilagi-
nous involvement in osteoarthritis cases. Mu-
rine tissue transplantation, particularly with 
SCID mice, may be one exception to this ob-
servation.23  
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CASE I:   
 
Signalment:  
Young adult female wild pigeon (rock dove, 
Columba livia). 
 
History: 
The pigeon was found dead with no known 
history. Necropsy was performed as part of a 
wildlife disease screening program.  
 
Gross Pathology:  
Gross examination identified moderately thin 
body condition and mild pallor of the spleen. 
 
Laboratory Results: 
Immunohistochemistry for Toxoplasma 
gondii and Sarcocystis sp. showed strong 
positive immunolabeling of abundant intrale-
sional zoites for T. gondii in multiple tissues 
(e.g., liver, lung, cloaca, brain) and no immu-
nolabeling for Sarcocystis sp.  

A pan-Apicomplexan PCR (18s rDNA) and 
sequencing of the amplicon confirmed a se-
quence with 100% identity to several isolates 
of Toxoplasma gondii in Genbank.  
 
Microscopic Description:  
The sections of cloaca include variable pro-
portions of cloacal mucosa, oviduct, pericloa-
cal skeletal muscle, subcutis, skin, and adja-
cent Bursa of Fabricius. There is marked, dif-
fuse, necrotizing cloacitis and pericloacal cel-
lulitis (panniculitis, myositis, dermatitis). 
Moderate numbers of inflammatory cells,  

 
Figure 1-1. Impression smear, site unspecified, 
pigeon.  The impression smear contains intact 
red blood cells, degenerate heterophils, mac-
rophages, and free apicomplexan zoites. 
(Photo courtesy of:  Wildlife Conservation So-
ciety, www.wcs.org) 

 

abundant admixed pyknotic and karyorrhec-
tic cell debris (necrosis), amorphous eosino-
philic material (edema), and myriad proto-
zoal zoites are present transmurally in the 
cloaca and throughout the pericloacal subcu-
tis, skeletal muscle, and dermis. Inflamma-
tory cells consist primarily of histiocytes with 
fewer heterophils, lymphocytes, and plasma 
cells. Zoites (tachyzoites) are approximately 
2-3 um diameter and variably oval to cres-
centic (banana-shaped) with a pinpoint cen-
tral nucleus and pale basophilic cytoplasm; 
many are individualized and extracellular, 
and moderate numbers are intracellular and 
range from individual zoites to haphazardly-
arranged clustered groups (schizonts) often  
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Figure 1-2. Cloaca and associated soft tissues, 
pigeon. A section of cloaca, associated soft 
tissues and bursa is submitted for 
examination. At subgross magnification, the 
cloaca (at bottom) is necrotic and the bursa (at 
right) is markedly atrophic and collapsed. (HE, 
10X) 

 

containing 6-16 distinct zoites. The intracel-
lular organisms are present in endothelial 
cells, presumed histiocytes, fibroblasts, and 
myofibers. Lymphatics and blood vessels 
throughout the affected region are lined by 
hypertrophied endothelium (reactive), or are 
occasionally mildly thickened by intramural 
leukocytes or eosinophilic debris (vasculitis). 
The cloacal mucosa is variably moderately to 
markedly eroded to ulcerated, mineralized 
(dystrophic), and multifocally bordered by 
mixed bacteria along the denuded luminal 
surface. Skeletal myofibers are multifocally 
moderately fragmented, hypereosinophilic 
with loss of cross striations, and mineralized. 
The pericloacal epidermis is multifocally, 
variably, mildly to moderately hyperplastic, 
inflamed, and eroded, with intraepidermal 
leukocytes (heterophils, histiocytes, lympho-
cytes), intra- and inter-cellular swelling 
(edema), multifocal keratinocyte apoptosis 
and separation, and mild superficial dermal 
mineralization and pigmentary incontinence. 
Along the skin surface are mild segments of 
superficial orthokeratotic hyperkeratosis, and 

mild scattered loose mixed bacteria, occa-
sional budding yeast, and debris (environ-
mental). (A focal artefactual rent into the 
skin/subcutis is present in some levels). 

The Bursa of Fabricius is atrophied with 
moderate to marked lymphocyte depletion, 
relative prominence of interstitial stroma, and 
multifocal dilated intrafollicular spaces con-
taining basophilic fluid and occasional stip-
pled basophilic material (mineral). Low num-
bers of cells (presumed histiocytes and Bur-
sal epithelial cells) contain botryoid ampho-
philic intracytoplasmic inclusions (consistent 
with circoviral inclusions). 

 

Contributor’s Morphologic Diagnosis: 
1. Cloaca and pericloacal tissue (skeletal 
muscle, subcutis, skin), Cloacitis and periclo-
acitis, necrotizing, histiocytic, diffuse, acute 
to subacute, moderate to marked, with abun-
dant intralesional extra- and intra-cellular 
protozoal tachyzoites and schizonts, regional 
cloacal mucosal ulceration, multifocal vascu-
litis, edema, and mineralization 

2. Bursa of Fabricius, Lymphoid depletion 
(follicle atrophy), chronic, diffuse, moderate 
to marked with scattered intracellular intra-
cytoplasmic botryoid circoviral inclusions 

 
Contributor’s Comment: 
Protozoal infection consistent with toxoplas-
mosis was initially identified by cytologic ex-
amination of organ imprints (lung, spleen, 
and liver) obtained during necropsy. Histo-
logic examination confirmed disseminated 
protozoal infection with prominent zoite-in-
duced necrotizing hepatitis, pneumonia, and 
encephalitis amongst other lesions. Infection 
by Toxoplasma gondii (toxoplasmosis) was 
confirmed by immunohistochemistry and 
PCR. The cloacal tissue section demonstrated 
notably florid ‘cutaneous’ toxoplasmosis in 
addition to circoviral inclusions captured 
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within the adjacent segment of Bursa of Fab-
ricius, a not unexpected finding in wild pi-
geons and possible contributory factor for the 
extent of disease in this case.  

Toxoplasmosis is a common obligate intra-
cellular, apicomplexan, coccidian, protozoal 
infection affecting warm-blooded animals 
worldwide, including domestic and wild 
birds. Clinical toxoplasmosis has been re-
ported in a variety of columbiformes (pi-
geons, doves), including individual and epi-
zootic cases.4 Pigeons have shown high sen-
sitivity to natural and experimental infection 
with high morbidity and mortality,3 and cases 
of natural infections are reported in a wide 
range of domestic and non-domestic pigeon 
species. Whereas the intermediate hosts of T. 
gondii infection are diverse, only felids are 
known to serve as definitive hosts for the 
sexual (coccidian) life stage. Major routes of 
intermediate and definitive host infection, re-
spectively, are ingestion of infective oocysts, 
and predation of intermediate hosts by felids. 
 
Reported clinical signs in birds include ano-
rexia, weakness, emaciation, ocular signs 
(e.g., conjunctivitis, blepharitis, and exudate), 
dyspnea, and neurologic signs. Protozoal 
stages are found in many tissues, often in-
cluding spleen, lung, and brain. In canaries 
(passeriformes) blindness has been reported 
as a unique but repeatable clinical presenta-
tion of natural infections, with intraocular 
and/or encephalitic toxoplasmosis seen histo-
logically.4,11 
 
Regardless of infected species, typical lesions 
of active toxoplasmosis consist of necrotizing 
inflammation with intralesional protozoal or-
ganisms. As in this case, the zoites and, less 
frequently, schizonts can be identified on cy-
tologic tissue impression smears as individu-
alized or clustered, extracellular or intracellu-
lar, oval to crescent-shaped pale basophilic 
organisms with a small nucleus and pale ba- 
 

 
Figure 1-3. Cloaca and associated soft tissues, 
pigeon.  Higher magnification of the necrotic 
cloaca and extension of inflammation and 
necrosis into the adjacent pericloacal soft 
tissues. (HE, 770X) 

 
sophilic cytoplasm. Histology with immuno-
histochemistry and/or molecular testing are 
commonly employed for definitive diagnosis. 
Historically, bioassays of infected tissue ho-
mogenized and administered into mice were 
common.  
 
Another apicomplexan infection, Sarcocysto-
sis, was considered the primarily differential 
diagnosis in this case, but was excluded by 
ancillary testing (i.e. PCR and IHC). Other 
differentiating features of Toxoplasma gondii 
and Sarcocystis sp. include: predominant 
forms of schizogony (endodyogeny for T. 
gondii, in which two zoites are produced, and 
endopolygeny for Sarcocystis sp., in which 
four or more zoites are produced and can be 
seen as a radial rosette arrangement); and ul-
trastructure (in which Sarcocystis sp. lack 
rhoptries, excretory organelles, that are pre-
sent in T. gondii).4 Although Neospora cani-
num is a classic differential for T. gondii cy-
tologically and histologically, N. caninum is 
not known to infect birds. Systemic isosporo-
sis (atoxoplasmosis) is another systemic coc-
cidian infection of birds, but is morphologi-
cally distinct and was not a major differential 
in this case.  
 
The heavy toxoplasmal dermatitis, panniculi-
tis, and myositis around the cloaca in this  
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Figure 1-4. Pericloacal soft tissue, pigeon. 
Within the inflamed soft tissue, numerous 
cells (likely macrophages) contain numerous 
apicomplexan zoites (arrows). (HE, 457X) 

 
case prompted a review of cutaneous toxo-
plasmosis which has been described in hu-
mans, few cats, and in rare cases, dogs. This 
infection can variably present as single local-
ized, or up to many generalized, ulcerative, 
pustular, or nodular lesions, with or without 
pruritis. The lesions are histologically charac-
terized by necrotizing and granulomatous or 
pyogranulomatous dermatitis, panniculitis, 
and vasculitis with extra-cellular or intra-cel-
lular tachyzoites inhabiting a variety of cell 
types (e.g., macrophages, fibroblasts, glandu-
lar epithelium, and endothelium).2,6,8 Organ-
ism numbers can vary and parasite identifica-
tion is reported as histologically challenging 
in some cases.6 Immunosuppression from 
concomitant illness and/or therapy (e.g., 
treatment for immune-mediate disease or 
transplantation) is a common predisposing 
factor.6,8,10 
 
Basophilic botryoid cytoplasmic inclusions 
typical of circovirus were identified within 
the Bursa of Fabricius in this case. Pigeon 
circovirus is an incompletely described infec-
tion of young birds linked to acquired immu-
nosuppression due to lymphocytic depletion 
in primary and secondary lymphoid tissues. It 

has been associated with propensity for a va-
riety of secondary infections.1,13 Circoviral 
infection has been linked to Young Pigeon 
Disease Syndrome (Young Bird Syndrome, 
Swollen Gut Syndrome) in racing and fancy 
pigeons in parts of Europe.7 Immunosuppres-
sion was a possible contributing factor to the 
occurrence and severity of toxoplasmosis in 
this case.  
 
Contributing Institution:  
Wildlife Conservation Society  

www.wcs.org 
 
JPC Diagnosis: 
1.  Cloaca and pericloacal tissue (skeletal 
muscle, subcutis, skin): Cloacitis and periclo-
acitis, necrotizing, pleocellular, subacute, 
marked, with abundant zoites and schizonts 

2.  Bursa of Fabricius: Lymphoid depletion, 
chronic, diffuse, moderate, with cystic follic-
ular ectasia and botryoid intracytoplasmic vi-
ral inclusions 

 

 
Figure 1-5. Bursa, pigeon. The bursa is 
markedly atrophic and depleted of B-cells.  
(HE, 356X) 

 

 

 

 

 

354



5 
 

 
Figure 1-6. Bursa, pigeon.  Macrophages 
adjacent to bursal follicles contain botryoid 
cytoplasmic inclusions (arrows). (HE 1400) 

 

JPC Comment:  
This week’s moderator was Dr. Elise LaDou-
ceur who serves as JPC’s Chief of Extramu-
ral Projects and Research. Her four cases fea-
tured birds across separate classes which al-
lowed conference participants to appreciate 
the role of taxonomy in formulating differen-
tial diagnoses for each case. 

We thank the contributor for their submission 
of this neat pigeon double feature. Confer-
ence participants reviewed the anatomy of 
the cloaca which is composed of 3 parts – the 
coprodeum (continuous with the intestine), 
the urodeum (entry of ureters and genital 
ducts), and the proctodeum (terminal por-
tion). There are two lymphoid centers within 
the cloaca with the larger Bursa of Fabricius 
overshadowing a smaller dorsal proctodeal 
‘lymphoglandular ridge’ near the terminus 
proper. The section submitted represents a 
dorsal sagittal section that captures the bursa, 
dorsal proctodeum, and external portion of 
the vent. 

We agree that the predominant slide feature 
was necrotizing inflammation which is char-
acteristic of Toxoplasma across species and 
tissues. We described the cellular infiltrate as 
‘pleocellular’ given the mixed and significant 
presence of histiocytes, granulocytes, lym-
phocytes, and plasma cells. Zoites and schi-
zonts were generously present in section.  
Finding the circovirus inclusions was more 

difficult, particularly on the scanned slide 
(one benefit of reviewing glass!) – in this 
case they are characteristically botryoid 
though slightly more eosinophilic that typi-
cally seen. Dr. LaDouceur emphasized that 
the loss of bursal lymphocytes with concur-
rent prominent interstitial tissue and cystic 
dilatation of follicles is characteristic of lym-
phoid depletion, which could be caused by 
multiple viral infections of the bursa;  how-
ever, the presence of botryoid inclusions is 
diagnostic for circovirus. 

We conclude our case discussion with a brief 
review of Isospora and Sarcocystis in birds. 
Notably, Isospora (Atoxoplasma) most com-
monly infects passerine birds, not colum-
biform birds, such as pigeons. Histologically, 
it appears as coalescing nodules to sheets of 
histiocytes (with intracytoplasmic zoites) and 
lymphocytes which may be confused for 
lymphoma.5,12 As the contributor mentions, 
Sarcocystis exhibits schizogony that differs 
from Toxoplasma. Tissue sarcocysts can be a 
helpful finding if skeletal and/or cardiac mus-
cle is available to review.  Schizogony with 
associated necrosis, lymphohistiocytic in-
flammation, and free and intracytoplasmic 
protozoal organisms appears similar to Toxo-
plasma, however.7 

 
Figure 1-7. Pericloacal soft tissue, pigeon.  
Cytoplasmic zoites stain strongly positive for 
animmunomarker agains Toxoplasma gondii.  
(anti-T. gondii, 400X). (Photo courtesy of:  
Wildlife Conservation Society, www.wcs.org) 
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CASE II:  
 
Signalment:  
4-year-old, female, cockatiel (Nymphicus hol-
landicus) 

 
History:  
A 4-year-old, female cockatiel was managed 
by the Exotics Service over the course of one 
year for progressive osteolytic lesions. The 
patient was originally seen in the fall of 2017, 
for a right ulnar fracture. At that time, radio-
graphs confirmed the ulnar fracture; in addi-
tion, mild lytic lesions were noted in multiple 
other bones. The animal returned in Spring of 
2018. At this time, full body radiographs re-
vealed multiple areas of bony lysis; and 
whole body CT confirmed wide-spread oste-
olysis. Her owners elected euthanasia given 
the poor prognosis. 

Imaging:  

Whole body radiographs: There are multiple 
radiolucent expansile lesions associated with 
most of the long bones, with partial destruc-
tion of the adjacent cortex. These are sus-
pected to explain the previously observed  
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Figure 2-1.  Whole body CT scan, cockatiel.  
Multiple bones exhibit a thin and moth-eaten 
appearance of the cortices with mild irregular 
expansion of the bony margins. (Photo cour-
tesy of:  Schwarzman Animal Medical Center, 
Department of Anatomic Pathology. 
www.amcny.org) 

 

distal right ulna fracture, which currently ap-
pears mildly displaced, with new bone for-
mation partially bridging it. A minimally dis-
placed fracture of the proximal left ulna is 
also observed. Minimal soft-tissue swelling is 
associated with the punctiform lesions of the 
distal left metacarpophalangeal bones.  

Computed tomographic images: The axial 
skeletal structures are normal. By contrast, 
multifocal lesions affect the appendicular 
skeleton (left proximal and distal ulna, left 
metacarpal bone III and proximal phalanx, 
right distal ulna, right metacarpal bone III 
and proximal phalanx, left distal femur, left 
distal tarsometatarsus, essentially the entire 
right femur, right proximal and distal tibiotar-
sus, right proximal and distal tarsometatarsus, 
questionably right pelvic limb phalanges): 
these are characterized by a thin and moth-
eaten appearance of the cortices with mild ir-
regular expansion of the bony margins. Irreg-
ularity of the bone margins is again present in 

the right distal ulna and left proximal ulna, 
and the site the previously described patho-
logic fractures. Medullary enostosis is not de-
tected. Soft tissue swelling is minimal around 
these lesions.  

Imaging Diagnosis: 

1. Severe polyostotic aggressive osteolytic le-
sions of the appendicular skeleton with at 
least two pathological fractures 

 
Gross Pathology:  
The right femur is moderately expanded with 
a rough cortical surface and easily fractures 
with minimal manipulation. The right radius 
has a rough cortical surface and easily frac-
tures with minimal manipulation. The distal 
aspect of the right ulna is mildly expanded 
with a rough cortical surface. The proximal 
left ulna has a rough cortical surface. 

After formalin fixation and decalcification, 
cross sections of multiple bone reveal irregu-
larity and thinning of the bone cortices with 
expansion of the medullary cavity by a soft, 
friable, bone tissue. The surrounding skeletal 
muscle and soft tissues are mottled light and 
dark brown.  

 
Laboratory Results:  
Touch imprint cytology, Bone, right femur, 
ulna, and radius: Changes varied in severity 
between tissue imprints and one sample is 
comprised of blood. There is a relative mild 
to moderate increase in the numbers of 
erythroid precursors. Touch imprints contain 
small to moderate numbers of osteoclasts and 
few macrophages.  

 

Microscopic Description: 
Long Bones (multiple sites): The medullary 
cavity is variably replaced and expanded by a 
dense inflammatory cell infiltrate, comprised 
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of macrophages (including epithelioid mor-
phology) and multinucleated giant cells 
mixed with heterophils, necrotic cellular de-
bris, and lesser lymphocytes and plasma 
cells. In some sections, this inflammatory in-
filtrate entirely effaces the medullary cavity. 
Inflammation surrounds islands of woven 
bone (lined by osteoblasts) or irregular, re-
sorbing cortical bone. The cortical bone is ir-
regular and multifocally discontinuous where 
it is invaded by large numbers of inflamma-
tory cells. The endosteal surface is scalloped 
and are bordered by increased numbers of os-
teoclasts within Howship’s lacunae. The 
bone margin is multifocally comprised of 
woven bone and there are multiple reversal 
lines. The outer cortical surface is irregular 
with prominent scalloping and the periosteum 
is predominantly expanded by a large num-
bers of similar inflammatory cells and small 
numbers of pleomorphic fibroblasts. Where 
present the subchondral bone is often irregu-
lar, thinned, and infiltrated by a similar in-
flammatory cell population and the joint cap-
sule is variably infiltrated. The surrounding 
and intra-articular adipose tissue contains 
small hemorrhages and islands of a similar 
inflammatory infiltrate. Surrounding myofi-
bers are variably degenerate and invaded by 
inflammation.  

The overlying dermis contains small numbers 
of lymphocytes and plasma cells that com-
monly dissect between collagen fibrils. The 
epidermis is diffusely moderately expanded 
by compact orthokeratotic hyperkeratosis.  

Fite-Faraco stains confirm small numbers of 
acid-fast positive, intrahistiocytic bacilli. In 
addition, the liver and small intestine have 
few, small granulomas.  

 
Contributor’s Morphologic Diagnosis: 
Cortical bone wih joints, right and left wings 
and legs: Osteomyelitis, periostitis, and syno-
vitis, granulomatous, heterophilic, chronic, 
multifocal to locally extensive, severe with  

 
Figure 2-2.  Long bone, cockatiel. The right fe-
mur has a roughened cortical surface (as does 
the right radius and left and right ulna (not 
shown).  (Photo courtesy of:  Schwarzman An-
imal Medical Center, Department of Anatomic 
Pathology. www.amcny.org) 

 

few intralesional, intrahistiocytic acid-fast 
positive, intrahistiocytic bacilli (consistent 
with Mycobacterial infection), bone resorp-
tion, multifocal, severe, remodeling, mild and 
periosteal fibroplasia, multifocal  

Skeletal muscle, right and left wings and 
legs: 

1) Myositis, granulomatous, heterophilic, 
chronic, multifocal, mild to moderate 

2) Myofiber degeneration, chronic, multifo-
cal moderate with mild, multifocal myofi-
ber regeneration and multifocal hemor-
rhages  

 

Contributor’s Comment:  
Clinical presentation, as well as the gross and 
histologic findings supportive a chronic oste-
omyelitis with evidence of disseminated 
granulomatous inflammation. The presence 
of acid-fast positive bacilli was highly sug-
gestive of avian mycobacteriosis, although 
this was not confirmed with culture or molec-
ular testing. In birds differentials for osteo-
myelitis are vast and include trauma, neo-
plasia, lymphoproliferative disease, and in-
fectious etiologies.10-12 Reported neoplasms 
in the bones of birds include osteosarcoma,  
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Figure 2-3.  Long bone, cockatiel. Multiple long 
bones are submitted for examination.  In each 
of the submitted bones, the marrow and me-
dullary cavity is multifocally effaced by a cel-
lular infiltrate that multifocally extends 
through the cortex into the adjacent soft tis-
sue. (HE, 10X) 

 

giant cell tumor of bone, air sac carcinoma, 
fibrosarcoma, and hemangiosarcoma, as well 
as metastatic disease.10-12 Infectious osteomy-
elitis can be caused by aerobic and anaerobic 
bacteria (including mycobacteriosis) and 
fungi (e.g., aspergillosis, candidiasis crypto-
coccosis, and histoplasmosis).11 In this case, 
the presence of few acid-fast positive, in-
trahistiocytic bacilli was consistent with a 
paucibacillary mycobacterial osteomyelitis. 
As in this case, skeletal mycobacteriosis 
commonly presents as soft tissue swelling 
and bone irregularity.11 As the disease pro-
gresses, pathologic factures can occur.11 

Mycobacterial infections are a significant 
cause of morbidity and mortality in numerous 
species, including humans.6 This diverse 
group of bacteria contains organisms that 
range from environmental saprophytes and 
opportunistic pathogens to obligate patho-
gens.14 Obligate pathogens include the tuber-
culosis group (M. tuberculosis and M. bovis) 
and the leprosy group (M. lepraemurium). 
Opportunistic pathogens include the sapro-
phytes (M. fortuitum, M. smegmatis, M. che-
lonae, M. abscessus, and M. thermoresisti-
bile) and the slow-growing (atypical)8 organ-
isms (M. avium-intracellulare complex, M. 

kansasii, and M. ulcerans). By convention, 
tuberculosis refers to infections with organ-
isms in the tuberculosis complex, while my-
cobacteriosis refers to those caused by atypi-
cal or opportunistic forms.6,15 Differentiation 
of mycobacterial species requires a combina-
tion of bacterial culture, biochemical tests, 
molecular techniques (PCR with subsequent 
DNA sequencing or Interferon-Gamma Re-
lease Assays (IGRAs)), and pigment produc-
tion.6,12,13 

 

Mycobacteria are weakly gram-positive, 
acid-fast positive bacilli.1-16 Mycobacteria’s 
lipid-rich walls make them hydrophobic, 
which allows them to survive in adverse en-
vironmental conditions.10,11,14,16 In other 
words, it is endemic worldwide, stable in the 
environment, and difficult to eradicate once 
established.1,4,11,16 Modes of transmission in-
clude the skin (typically at areas of skin bar-
rier breakdown), inhalation, and ingestion.4, 10 
In birds, oral ingestion is considered the most 
common.11 Infections in most species tend to 
be protracted and associated with a chronic 
wasting syndrome.11,14-16 

 
Granulomatous inflammation is a distinct 
form of chronic inflammation, that is typi-
cally the result of a poorly degradable and 
persistent antigen, specific host responses 
(e.g., Th and macrophage responses), and the 
interplay of various pro- and anti-inflamma-
tory mediators.15 Mycobacterium species em-
ploy multiple mechanisms to ensure survival 
and typically do so by entering and persisting 
within tissue macrophages.14,15 These include 
disruption of the phagosome-lysosome com-
plex (i.e. inhibit acidification of the phago-
some, phagosome-lysosome fusion), interfer-
ence of cytokine synthesis and function (i.e. 
block injury from toxic oxygen and nitrogen 
intermediates), or inactivation of lysosomal 
enzymes.14,15 In general mycobacterial spe-
cies can suppress the ability of macrophages 
to be activated by cytokines, especially IFN-
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gamma.15 Complement receptors on tissue 
macrophages (e.g., mannose and CD14 re-
ceptors) are the major receptors responsible 
for mycobacterial phagocytosis.15 Other re-
ceptors (e.g., integrin receptors, TLRs, Ig Fc 
receptors, CD14 receptors, scavenger recep-
tors, etc.) are involved in the early recogni-
tion and cell signaling in response to the bac-
teria, which eventually leads to antimicrobial 
chemokine, cytokine, and metabolite synthe-
sis.15 Mycobacteria highjack these pathways 
and attenuate macrophage activation in re-
sponse to IFN-gamma.15 Mycobacterium 
avium, in particular, has a unique cell wall 
that prevents fusion of the phagosome to the 
lysosome, effectively down-regulating the 
killing mechanisms of macrophages.12,15 A 
similar mechanism is described in Mycobac-
terium tuberculosis.15 Migration of infected 
macrophages allow for discrimination of in-
fection.14 These infections are characterized 
by a strong cell mediated response, where 
macrophage recruitment and proliferation ac-
celerates under the influence of cytokines 
produced by T-lymphocytes.14,15 The chronic 
presentation of these cases and resulting tis-
sue destruction are due to a combination of 
organism persistence and cell-mediated re-
sponse and other host responses.12,15  
 

The type of pathology and clinical disease 
depends on the infecting mycobacterial spe-
cies, host’s immune response, host’s genetic 
susceptibility, dose of infection, mode of 
transmission, and infection stage.11 Infection 
is typified by granulomatous inflammation.1-

16 This can manifest as diffuse visceral en-
largement and/or discrete granulomas, which 
correlate to infiltration by a pleocellular, 
macrophage heavy inflammatory infiltrate.1-

15  Affected macrophages can have a large 
amount of amphophilic cytoplasm with a fine 
cytoplasmic granularity but acid-fast stains 
are required for confirmation of intracellular 
bacilli.11 The number of bacteria can vary 
considerable and ranges from paucibacillary  

 
Figure 2-4. Long bone, cockatiel.  The cellular 
infiltrate effaces bone marrow, results in lysis 
of hematopoetic and cortical bone, and ex-
tends into the adjacent skeletal muscle. (HE, 
88X) 

 
to abundant/florid.11,12,15 There are two main 
pathologic forms of mycobacterial infection: 
a tubercle and lepromatous form.11,15 The tu-
bercle form is a Th1-biased immune response 
and is characterized by granuloma formation 
with a region of central necrosis surrounded 
by inflammation.11,15 Meanwhile, the lep-
romatous form is a Th-2-biased immune re-
sponse and is characterized by diffuse in-
flammation without necrosis. 11,15  
 

Mycobacteriosis is common in various bird 
species, including domestic fowl, as well as 
pet and exotic birds and wildlife.12 Although 
all species are susceptible, captive waterfowl, 
collection birds, tropical and ring-necked 
doves, Amazon parrots, brotogerids, pionus 
parrots, finches, and canaries are commonly 
reported.11 The disease can have severe eco-
nomic impact and is associated with high lev-
els of mortality and morbidity and reduction 
in egg production.16 In one recent studying in 
backyard chickens, 42% of birds died from 
bacterial disease.3 In this report E. coli and 
Mycoplasma gallisepticum or M. synoviae 
were the most common, but mycobacteriosis 
was reported in 6 cases.3 Oral route appears 
to be the primary means of infection in birds, 
with lesions typically involving the gastroin-
testinal tract and/or liver.11,12 Airborne and 
cutaneous infections can be seen to a lesser 
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degree.12 Mycobacterium avium-intracellu-
lare complex organism infect the intestine 
and due to a lack of lymph nodes, the infec-
tion subsequently disseminates easily.12 
Therefore, infection is typified by a chronic, 
disseminated granulomatous disease in semi-
mature to mature birds, although localized 
disease can occur (i.e. dermal or intestinal 
mycobacteriosis).11,12 Gallinaceous birds typi-
cally develop discrete granulomas, while 
psittacine and passerine species tend to de-
velop the lepromatous form.12 The two most 
common mycobacterial species to affect birds 
are Mycobacterium avium-intracellulare 
complex and Mycobacterium gena-
vense.9,10,11,12,16  Other reported species in-
clude Mycobacterium tuberculosis, M. bovis, 
M. gordonae, M. nonchromogenicum, M. for-
tuitum, M. peregrinum, M. intermedium, M. 
celatum, M. africanum, M. simiae, M. 
arupense, M. URHd0023, and M. vulneris, in 
addition to others.9,12 The lesions created by 
these species are indistinguishable from one 
another and co-infection can occur; thus de-
finitive diagnosis requires culture and/or mo-
lecular testing.9,16  

 

Avian bacterial osteomyelitis can be caused 
by a number of ubiquitous and opportunistic 
bacteria, including Mycobacterium spp., 
Staphylococcus aureus, E. coli, Salmonella 
spp., Pasteurella multocida, Streptococcus 
spp., Enterococcus spp., Pseudomonas spp., 
and Aeromonas spp.1 Mycobacteriosis in 
birds commonly involves the bone, and in 
one report 93% of avian mycobacteriosis 
cases had bone lesions.1, 11 Infection is clini-
cally characterized by osteolysis (as in this 
case), sclerosis, or bone cysts that are most 
commonly located in the metaphysis of long 
bones, ribs, and/or sternum with or without 
pathologic fractures.1,12 Bacterial toxins and 
localized ischemia can lead to bone necrosis 
with sequestra formation.1 Histologic find-
ings include severe myeloid hyperplasia and 
granulomatous inflammation with eventual  

 
Figure 2-5.  Long bone, cockatiel.  The mixed 
cellular infiltrate is predominantly composed 
of epithelioid macrophages, and fewer 
Langhans and foreign body type giant cell 
macrophages, heterophils, lymphocytes and 
plasma cells.  (HE, 556X) 

 
bone marrow effacement and extension into 
the surrounding bone and soft tissues.11, 12 
Avian granulomas associated with mycobac-
teriosis tend not to mineralize.1,11,12  
 
Mycobacterium avium-intracellulare com-
plex organisms can cause sporadic, opportun-
istic disease in numerous species and is typi-
cally associated with immunosuppression.14 

Other important Mycobacteria of this com-
plex include M. avium paratuberculosis 
(Johne’s disease), M. avium silvaticum (wood 
pigeon mycobacterium), M. avium hominis-
suis (pig and human infection), and M. intra-
cellulare.10,14,16 Other important mycobacte-
rial species in veterinary medicine include M. 
tuberculosis (human and elephants), M. bovis 
(domestic and wild animals, humans), M. mi-
croti (small rodents, hyraxes, llamas, pigs, 
and ferrets), M. africanum (rare in humans, 
cattle, and pigs), and M. marinum, M. chelo-
nae, M. xenopi, and M. liflandii (reptile and 
amphibian species).6,7,8,15 The clustering of 
infections in Bassett hounds, Miniature 
Schnauzer, Siamese cats, Somali cats, and 
Abyssinian cats suggest a genetic predisposi-
tion.4,8 The cause for this predisposition is un-
clear but may be related to a cell-mediated 
immunodeficiency in either T-cells or macro-
phages.4 Failure to regrow hair is a unique  
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Figure 2-6.  Long bone, cockatiel. Rare epithe-
lioid macrophages contain acid-fast bacilli 
within their cytoplasm. (Fite-Furaco, 400X). 
(Photo courtesy of:  Schwarzman Animal Med-
ical Center, Department of Anatomic Pathol-
ogy. www.amcny.org) 

 
presentation in Abyssinian cats.8 Important 
veterinary mycobacterial disease include Bo-
vine cutaneous opportunistic mycobacteriosis 
(caused by atypical mycobacterial species), 
feline leprosy (M. lepraemurium, M. visibilis, 
and others), ulcerative dermatitis in marsupi-
als (M. ulcerans), bovine tuberculosis (M. bo-
vis), feline ocular mycobacteriosis (M. bovis, 
M. microti, M tuberculosis, M avium-intra-
cellulare complex), and Johne’s disease (M. 
avium paratuberculosis).6,8,10,13,14,15 The two 
most common etiologic diagnoses in weedy 
and leafy seadragons is mycobacteriosis and 
scuticociliatosis, where mycobacterial infec-
tion is associated with chronic erosive and 
proliferative skin lesions that typically in-
volve the snout.2 Dissemination can occur 
and typically involves the liver, kidney, heart, 
gill, and skin.2 The cause of canine leproid 
granuloma syndrome is unknown but myco-
bacterial infection is suspected given the 
presence of acid-fast bacilli in lesions.15 Most 
mycobacterial infections require treatment 
with long course antibiotics and/or surgical 
excision of affected tissues.13 

 
 

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

 
JPC Diagnosis: 
1. Hematopoietic bones and surrounding soft 
tissue: Osteomyelitis, synovitis, myositis, and 
cellulitis, granulomatous, chronic, multifocal, 
severe with infractions 

2.  Bone marrow: Granulocytic hyperplasia, 
chronic, diffuse, severe 

 
JPC Comment:  
The contributor provides an outstanding sum-
mary of avian mycobacteriosis to accompany 
an interesting case presentation. The polyos-
totic nature of the lesion led some to consider 
neoplasia or metabolic bone disease for this 
case. Dr. LaDouceur noted that metabolic 
disease such as fibrous osteodystrophy may 
affect multiple bones, but more importantly is 
not an inflammatory lesion (inflammation 
was abundant in this case) and would not be 
expected to extend into the surrounding soft 
tissue. Similarly, a multifocal distribution 
would be unusual for a primary bony neo-
plasia, although neoplasia is a rule out for os-
teolytic lesions. Metastatic carcinomas and 
air sac carcinomas have also been reported in 
the bone of birds,17 though these are morpho-
logically distinct from the mixed inflamma-
tory cell population seen here. 

There are a number of ancillary changes that 
should not be missed in this case. Although 
the bony changes are impressive, there are 
numerous small, non-displaced fractures (in-
fractions) and degenerative changes to the 
joint. The adjacent joints have fibrovascular 
membranes that span the articular surface 
(pannus) that accompany villonodular prolif-
eration of the synovium and loss of glycosa-
minoglycans. The hyperplastic bone marrow 
with marked expansion of myeloid precursors 
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is a common concurrent change in mycobac-
teriosis – we estimated a myeloid:erythroid 
ratio of at least 4:1 where as a normal is 0.4:1 
(i.e. 10x times expanded in this case). Other 
rule outs for extreme myeloid hyperplasia in-
clude Aspergillus sp. (see Case 4 of this con-
ference) and avian chlamydia. Additionally, 
we emphasize “hematopoietic bone” in our 
morphologic diagnosis as there is a good ex-
ample of a pneumatized (and unaffected) 
bone on this slide as well.   
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Figure 3-1.  Ventriculus, tinamou. One section 
of ventriculus is submitted for examination.  
(HE, 7X) 

 

CASE III:  

Signalment:  
13-year-old male elegant crested tinamou (Eu-
dromia elegans. 
 
History:  
This elegant crested tinamou (Eudromia ele-
gans) was housed in a zoological collection, 
and was euthanized due to marked weight 
loss and declining clinical condition. He had 
a history of chronic articular gout of the right 
third digit and mild lateral deviation of the 
rhinotheca resulting in malocclusion (“scissor 
beak”).  

 
Gross Pathology: 
Gross examination confirmed beak malocclu-
sion and a focal swelling over the proximal 
aspect of the right third digit that exuded 
white chalky to pasty material from cut sur-
faces. The animal was in thin body condition, 
with scant subcutaneous and intracavitary ad-
ipose tissue stores. The crop was moderately 
distended with fresh vegetables, the proven-
triculus was empty, and the ventriculus was 
filled with vegetable ingesta, small pebbles, 
and a small amount of green, pasty material. 
The intestines and ceca contained a small 
amount of green-brown, pasty digesta.  

 
Laboratory Results: 
Cytologic evaluation of liver, spleen, and 
lung impression smears was unremarkable.  

Microscopic Description:  
Ventriculus: Throughout the section, the 
koilin layer is diffusely, superficially dis-
rupted and separated by a dense mat of elon-
gate yeasts. The yeasts are approximately 2-3 
micrometers wide and 20-40 micrometers 
long. They aggregate in haphazard orienta-
tions on the surface, and also stream into ven-
tricular glands in roughly parallel-oriented, 
‘logjam-like’ arrangements, rarely reaching 
the deepest portions of the glands. The lam-
ina propria contains a scant infiltrate of gran-
ulocytes and rare lymphocytes that rarely ex-
tends into the mucosal epithelium. Small, 
subepithelial pools of eosinophilic to ampho-
philic, smudgy, acellular material are scat-
tered throughout the lamina propria. Small-
caliber blood vessels in the mucosa and tu-
nica muscularis are multifocally surrounded 
by low numbers of mononuclear cells. Arteri-
oles throughout the tunica muscularis and 
subtending the serosal surface are variably 
expanded by smudgy, eosinophilic, acellular 
material that partially or wholly obscures 
normal cellular detail in the arteriolar walls.   

 

Contributor’s Morphologic Diagnosis:  
Ventriculus: Ventriculitis, heterophilic and 
lymphocytic, chronic, multifocal, mild, with 
superficial koilin disruption and myriad sur-
face-associated yeasts  

Ventriculus: Amyloidosis, arteriolar and sub-
epithelial, chronic, multifocal, mild to moder-
ate 

 
Contributor’s Comment:  
Histopathology in this elegant crested tina-
mou revealed florid superficial colonization 
of the mucosal surface of the proventricular-
ventricular isthmus and ventricular koilin by 
elongate yeasts. The morphology and tissue 
distribution of the yeasts are characteristic of 
Macrorhabdus ornithogaster. Arteriolar and  
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subepithelial amyloid deposition, while rela-
tively mild in sections of the gastrointestinal 
tract, were manifestations of multi-organ am-
yloidosis that was considered to be the most 
important factor in this bird’s clinical decline.  

Macrorhabdiosis, or ‘avian gastric yeast’ in-
fection, is a well-recognized condition in var-
ious avian species. The causative organism, 
Macrorhabdus ornithogaster, was famously 
misinterpreted to be a large bacterium (“meg-
abacteria”) after its discovery but is now rec-
ognized as an ascomycetous yeast.9 The 
yeasts have a distinctive elongate morphol-
ogy, measuring approximately 2-3 microme-
ters wide and 20-40 micrometers long, and 
are often arranged in densely packed clusters 
or streams, sometimes referred to as ‘hay-
stack,’ ‘matchstick,’ or ‘logjam’ arrange-
ments.7,9 Infections occur at the mucosal sur-
face of the proventricular-ventricular isth-
mus, with organisms sometimes penetrating 
into isthmus glands and extending into the  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
koilin layer of the ventriculus. Organisms can 
be detected in cytologic preparations of feces 
or scrapings from the isthmus. Although 
staining characteristics can be variable, they 
are typically gram-positive and stain dark 
blue with rapid Romanowsky stains (e.g., 
Diff-Quik).4 In histologic sections, the yeasts 
are eosinophilic and often readily identifiable 
with routine hematoxylin and eosin staining. 
They also stain positively with silver stains 
and Periodic acid-Schiff (PAS) stain.  
 
Gross lesions can include emaciation, exces-
sive proventricular mucus production, and 
mucosal erosions or ulcerations with hemor-
rhage. Histologic examination reveals varia-
ble associated inflammation and goblet cell 
hyperplasia in addition to the characteristic 
organisms. In the ventriculus, colonization 
can be associated with marked disruption and 
attenuation of the koilin layer, with variable  
 

Figure 3-2.  Ventriculus, tinamou. Within the superficial 2/3 of the koilin layer, there are numerous 
1x2um wide, elongate filamentous yeast.  (HE, 234X)   
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Figure 3-3.  Ventriculus, tinamou. A silver stain 
demonstrates the morphology of these elon-
gate yeasts.  (GMS, 400X) (Photo courtesy of:  
Wildlife Conservation Society, Zoological 
Health Program; https://oneworldone-
health.wcs.org, www.wcs.org) 

 
inflammation. An association with proven-
tricular adenocarcinoma in budgerigars 
(Melopsittacus undulates) has been proposed, 
but the mechanism of this association is not 
well understood.5 
 
Macrorhabdiosis can be subclinical or can be 
associated with a chronic, progressive, and 
fatal wasting syndrome.7 Clinically signifi-
cant or fatal disease associated with 
Macrorhabdus ornithogaster infection is 
most often diagnosed in psittacine, passerine, 
and gallinaceous species, but has also been 
reported in paleognaths such as ostriches and 
rheas.1,2,3,6,8,10 While not, to our knowledge, 
previously reported in tinamous (also paleog-
naths), macrorhabdiosis has been diagnosed 
in one previous case from our zoological col-
lection.  
 
In some cases, an underlying stressor may be 
needed to trigger the development of clini-
cally significant disease.6,7 Yeasts were abun-
dant in multiple sections of the orad ventricu-
lus from this case, but no clear indications of 
chronicity, such as chronic inflammation or 
goblet cell hyperplasia, were observed. We 
suspect that the yeast overgrowth may have 

occurred in a relatively short period prior to 
death, potentially as a consequence of debili-
tation due to underlying disease. This tina-
mou’s clinical decline was attributed primar-
ily to multi-organ amyloidosis involving the 
liver, spleen, kidneys, myocardium, and ar-
teries in multiple tissues, confirmed by 
Congo red staining of selected tissues. While 
suspected to be a sequela of chronic inflam-
mation, a specific inciting cause for amyloi-
dosis was not determined. The contribution 
of macrorhabdiosis to this tinamou’s clinical 
decline is unclear. 
 
Contributing Institution:  
Wildlife Conservation Society, Zoological 
Health Program 

https://oneworldonehealth.wcs.org 

www.wcs.org 

 

 
Figure 3-4. Ventriculus, tinamou. A higher 
magnification of the silver stain demonstrat-
ing the morphology of these elongate yeasts.  
(GMS, 1000X) (Photo courtesy of:  Wildlife 
Conservation Society, Zoological Health Pro-
gram; https://oneworldonehealth.wcs.org, 
www.wcs.org) 
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JPC Diagnosis: 
1. Ventriculus: Koilin loss, diffuse, severe 
with myriad elongate yeast and mild granulo-
cytic ventriculitis 

2. Ventriculus (lamina propria and blood ves-
sels): Amyloidosis, chronic, multifocal, mild 

3. Adipose tissue: Atrophy, subacute, diffuse, 
mild 

 

JPC Comment:   
Case 3 offers a synopsis of classic avian le-
sions. We differ slightly from the contributor 
in identifying the primary lesion as koilin 
loss (which was substantial) though we agree 
that there is mild inflammation of the ventric-
ulus. We added an additional morphologic di-
agnosis for the atrophy of fat (best observed 
at the serosal surface) as adipocytes are small 
with variably sized lipid vacuoles. Amyloid 
deposition in this case is subtle and easily  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

overlooked on H&E. On this slide, amyloid is 
most discernable within sagittal sections of 
larger vessels and multifocally within the 
lamina propria as lightly eosinophilic to am-
phophilic material. In birds, common loca-
tions for amyloid deposition include the kid-
ney (glomerulus and basement membrane), 
the liver (within the space of Disse), and the 
spleen. While we searched for a urate tophus 
(i.e. gout) to connect back to the clinical pic-
ture outlined by the contributor, we were un-
able to make this case a ‘four-fer’. 

The long sagittal sections of peripheral 
nerves (likely a nerve plexus) prompted a 
short group discussion. In a vacuum, this 
might resemble ganglioneuritis (i.e. avian 
bornavirus). As Dr. Ladouceur noted, avian 
nervous tissue is highly cellular and satellite 
cells could be confused for infiltrating T-
lymphocytes. Once again, considering avian 
type is helpful as avian bornavirus affects 
psittacine birds (and rarely passerines) and  

Figure 3-5.  Ventriculus, tinamou. Small aggregates of amyloid are present within subepithelial ar-
eas in the lamina propria (arrows). (HE, 979X)   
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Figure 3-6.  Ventriculus, tinamou. The walls of 
arterioles are also expanded by amyloid. (HE, 
1090X) 

 

not tinamiforms such as this tinamou. If this 
were a psittacine, CD3 IHC can be useful in 
differentiating satellite cells from infiltrating 
T lymphocytes in cases of suspected avian 
bornavirus. Screening HE sections for plasma 
cells is also useful (none were noted in the 
nerves in this case).  
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CASE IV:  

Signalment:  
12-year-old, male, blue fronted Amazon par-
rot (Amazona aestiva).  

 
History: 
Two-week history of not acting right. One 
week history of acute 

decline, weight loss, ataxia, increased respir-
atory effort/rate and loss of deep pain over 24 
hours. Radiographs revealed evidence of air-
sacculitis, and bloodwork showed severe het-
erophilia. The patient’s condition deteriorated 
despite antibiotic administration. Euthanasia 
was elected. 

 

Gross Pathology:  
The right and left abdominal air sacs are se-
verely thickened and tan to yellow, with 
shaggy, irregular projections (airsacculitis). 
The coelomic cavity contains small amounts 
(approximately 1 mL) of tan to yellow effu-
sion. Focal regions of yellow to tan thicken-
ing are noted over the body wall in the re-
gions of the right and left femur. The right 
lung is mottled dark red, light red and pale 
tan. A 0.5 cm diameter, firm, tan nodule is 
present in the middle section of the lung lobe. 
Samples from this lobe sink in formalin. The 
left lung is also mottled light and dark red to 
brown and has a focal, 0.3 cm diameter tan 
nodule (presumed granulomatous hetero-
philic pneumonia). A firm region in the mid-
dle section of the lung lobe is observed. Sec-
tions from this lobe float in formalin.  

The spinal cord is removed in situ, is fixed, 
decalcified and sectioned. In the lumbar 
spine, there is a focal, white, firm nodule in 
the bone. This nodule overlies and is just cau-
dal to the glycogen body of the spinal cord.  

 
 

 
Figure 4-1.  Airsac, Amazon parrot.  There is 
yellow exudate within the airsac. (Photo cour-
tesy of:  Schwarzman Animal Medical Center, 
Department of Anatomic Pathology. 
www.amcny.org) 

 

Laboratory Results: 
CBC: Hematocrit 38 (range 39-54%), WBC 
56.5 K/µL (range 5-15 K/µL), Heterophils 44 
K/µL (range 1.5-11 K/µL), Heterophil bands 
5.1 K/µL (0 K/µL), Lymphocytes 2.3 K/µL 
(range 1-10 K/µL), Monocytes 5.1 K/µL 
(range 0-0.4 K/µL), Eosinophils 0 K/µL 
(range 0-0.3 K/µL), Basophils 0 K/µL (range 
0-0.4 K/µL), thrombocytes adequate, poly-
chromasia slight, no parasites seen. 

 

Microscopic Description:  
A section of lumbosacral vertebral column 
and spinal cord are examined. Within the bone 
of the lumbar vertebral column, a densely cel-
lular region of inflammation is present. The 
cellular infiltrate comprises predominantly 
heterophils including degenerate heterophils 
and fewer macrophages, lymphocytes and 
plasma cells. Multinucleate giant cells and ep-
ithelioid macrophages are occasionally ob-
served, with formation of heterophilic granu-
lomas. Inflammatory populations result in ly-
sis of adjacent bone, with irregular, scalloped 
margins of attenuated vertebral bone. Addi-
tional foci of inflammation are multifocally 
distributed throughout the vertebral bone  
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Figure 4-2. Synsacrum, Amazon parrot.  There 
is a firm white nodule in the vertebral body 
dorsal to the glycogen body. (Photo courtesy 
of:  Schwarzman Animal Medical Center, De-
partment of Anatomic Pathology. 
www.amcny.org) 

 
within the section. The marrow and pneuma-
tized cavities contain lightly eosinophilic fluid 
(edema). The inflammation extends to the spi-
nal cord, with heterophils and macrophages 
infiltrating through the meninges and into the 
spinal cord parenchyma. In these regions, the 
spinal cord exhibits myelin vacuolation with 
regional gliosis including Gitter cells. Axons 
are enlarged and homogeneously eosinophilic 
(spheroids). Inflammatory cells are inter-
mixed with fungal hyphae. Hyphae occasion-
ally surround and infiltrate vessel walls, which 
contain inflammatory populations, hyaline, 
eosinophilic, acellular material (fibrinoid 
change) and are surrounded by wispy, loosely 
arranged, eosinophilic material (edema). Fun-
gal hyphae have parallel walls with infrequent 
septations, range from approximately 3 to 6 
µm in width, and demonstrate acute angle, di-
chotomous branching, highlighted with a 
Gomori’s methenamine silver (GMS) stain. 
Heterophilic, histiocytic inflammation and 
fungal hyphae are observed at the periphery of 
and minimally infiltrating into the glycogen 
body, which also contains small foci of hem-
orrhage. 
 
 

Contributor’s Morphologic Diagnosis:  
Lumbosacral spine and spinal cord: Osteo-
myelitis and myelitis, heterophilic,granulom-
atous, lymphoplasmacytic with myriad fungal 
hyphae, regional myelin vacuolation with 
gliosis and spheroid formation, vasculitis 
with fibrinoid degeneration and edema. 

Abdominal airsacs (not included on slide): 
Airsacculitis, severe, necrotizing, hetero-
philic, granulomatous with myriad fungal hy-
phae and conidiophores (morphology con-
sistent with Aspergillus spp.). 

 
Contributor’s Comment:  
This psittacine bird had a disseminated fun-
gal infection, involving multiple organ sys-
tems including the lungs, air sacs, vertebral 
column, spinal cord, skeletal muscles, coe-
lomic cavity, kidneys, liver, intestines, ad-
renal glands and thyroid glands. The most se-
verely affected organ system was the respira-
tory system. Myriad fungal hyphae were pre-
sent within foci of inflammation. These hy-
phae contained the morphologic features of  

 

 
Figure 4-3. Synsacrum, Amazon parrot. There 
is a large focus of heterophilic inflammation 
within the vertebral body. Fungal hyphae ex-
tend from the inflammation at right. (HE, 
200X) (Photo courtesy of:  Schwarzman Animal 
Medical Center, Department of Anatomic Pa-
thology. www.amcny.org) 
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Aspergillus species, including narrow width 
(3-6 µm), parallel walls with septation, di-
chotomous, acute angle branching and a ten-
dency to be oriented in the same direction.2,4  

In some locations, conidiophores were ob-
served. Distinctive conidiophores (asexual 
fruiting bodies) occur on surfaces or cavities 
exposed to air, such as the air sacs.2,7 Conidi-
ophores consist of a stalk protruding from a 
mycelial foot cell, with a terminal globose, 
hemispherical or flask shaped vesicle. Peg-
like phialides (formerly sterigmata) arise 
from the vesicle and may be directly con-
nected and arranged in a single layer (uniseri-
ate) or connected by supporting cells (metu-
lae) and arranged in a double layer (biseri-
ate).2,7 Unbranched chains of conidia are 
formed from the distal ends of the phi-
alides.2,7 The conidiophores in this case ap-
peared to be uniseriate, which is a feature of 
the Aspergillus fumigatus group, however, 
definitive diagnosis requires ancillary testing, 
as there is overlap in histomorphologic fea-
tures of Aspergillus conidiophore morphol-
ogy (see below). 

A sequel to the fungal infection in this case 
was osteomyelitis of the lumbosacral spine 
with extension to the spinal cord. Frequent 
sites of secondary involvement in birds in-
clude the coelomic cavity, central nervous 
system (CNS), liver, intestines, kidney, pneu-
monic bone, adrenal glands and vertebral col-
umn.8 In the submitted case, osteomyelitis 
was most severe in the lumbosacral portion 
of the spine (in the region of the corpus gelat-
inosum or glycogen body), but inflammation 
was also found in the thoracic and cervical 
segments. Inflammation of the lumbar verte-
bral column led to osteomyelitis and regional 
myelitis, with involvement of the glycogen 
body. Inflammation of the glycogen body is 
of uncertain significance in the context of the 
clinical signs. The glycogen body (corpus ge-
latinosum) is an ovoid, circumventricular, ge- 
 

 
Figure 4-4.  Spinal cord, Amazon parrot.  In-
flammation extends into the spinal cord; there 
are fungal hyphae and necrotic vessels at right 
(HE, 200X) (Photo courtesy of:  Schwarzman 
Animal Medical Center, Department of Ana-
tomic Pathology. www.amcny.org) 

 
latinous structure of unknown function em-
bedded in the lumbosacral region of the spi-
nal cord, occupying the rhomboid sinus.5 The 
corpus gelatinosum is dorsal to the spinal 
cord and the ventral portion encloses the cen-
tral canal. Peripheral and central cellular 
zones have been described. Cells of this 
structure contain abundant, pale, vacuolated 
cytoplasm and peripheralized nuclei. These 
glycogen containing cells are hypothesized to 
arise from specialized, modified glial cells 
(astrocytes).5 Although the function is un-
known, hypotheses include an energy source 
for the central nervous system (CNS), trans-
mission of hydrostatic pressure changes dur-
ing movement, roles in neuron metabolism, 
and myelin formation.5 Extension of the fun-
gal infection from the abdominal airsacs to 
the skeletal muscle of the proximal limbs also 
likely contributed to the ataxia noted in the 
history.  
 
Aspergillosis is a non-contagious fungal dis-
ease that affects captive and wild 
birds.1,3 The fungus is ubiquitous, opportunis-
tic and saprophytic, and exposure to large  
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Figure 4-5.  Spinal cord, Amazon parrot.  Fun-
gal hyphae are 3-4um wide, have parallel 
walls, sepatations, and acute angle dichoto-
mous branching. (HE, 400X) (Photo courtesy 
of:  Schwarzman Animal Medical Center, De-
partment of Anatomic Pathology. 
www.amcny.org) 

 
numbers of fungal spores can result in infec-
tion. In birds, aspergillosis is most commonly 
caused by Aspergillus fumigatus, and less 
commonly Aspergillus niger, Aspergillus fla-
vus, Aspergillus nidulans, Aspergillus glau-
cus, Aspergillus oryzae and others.1,3,7–9 A re-
cent report detailed a case of Aspergillus 
pseudoviridinutans (a cryptic species of As-
pergillus within section Fumigati) causing 
rhinitis in an orange winged Amazon parrot.6 
Some avian species are thought to be predis-
posed including Amazona sp., Psittacus er-
ithacus, Pionus sp., as well as species that 
originate from arid environments.6,9 Other 
predisposing factors include increased con-
centrations of environmental spores, a warm 
environment, improper humidity, poor venti-
lation, poor sanitation, and long-term storage 
of feed. Impaired immunity can also predis-
pose to development of Aspergillosis, and 
has been reported with steroid administration, 
metabolic bone disease, inadequate diet, 
overcrowding, shipping, starvation, thermal 
discomfort, infections, toxins and trauma, 
among others.1,3,6,8,9  
 

The main route of infection is thought to be 
inhalation. As the spores of Aspergillus fu-
migatus are smaller than spores of other As-
pergillus spp, some may reach the lungs and 
air sacs.1,6 Similar to this case, the air sacs are 
a common site of primary infection (inhaled 
air reaches caudal thoracic and abdominal air 
sacs before the pulmonary epithelial sur-
faces).1 Leukocytosis is a common clinical 
feature, and is often severe (20,000 to more 
than 100,000 white blood cells per microliter) 
with a left shift, monocytosis and lymphope-
nia. Leukocytosis in this case was 56.5 K/µL, 
with heterophilia, a left shift, and monocyto-
sis. Serological tests for aspergillus have 
been developed, however, false negative re-
sults can occur.1 Serum protein electrophore-
sis may reflect an acute phase response, often 
observed with aspergillosis, which includes 
increased globulins with reduced albumin, in-
creases in alpha 2 globulins and increased se-
rum amyloid A levels.3 
 
Gross lesions are variable, but generally com-
prise granulomas of the lungs and air sacs. In 
acute infections, miliary granulomas may be 
distributed throughout the respiratory 
tract.1,8,9 White to yellow plaques (scutulae) 
may be seen within the respiratory tract or 
over serosal surfaces. Air sacs are often 
thickened and may contain caseous exudate 
or visible mycelial formation.8,9 Nodules 
within the lungs may have caseous, consoli-
dated or necrotic centers. Histologically, 
large numbers of degenerate heterophils are 
typically present, accompanied by necrosis, 
multinucleated giant cells, epithelioid macro-
phages, and variable numbers of fungal or-
ganisms.8,9 In aerated organs, aggregates of 
radiating hyphae (the sunburst pattern) fre-
quently occur.1,2 If the infection is not elimi-
nated in the respiratory tract, disseminated in-
fection can occur, both by direct extension 
through the air sac wall and hematogenous 
spread.1 More information is needed regard-
ing virulence factors of avian aspergillosis.  
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Figure 4-6.  Spinal cord, Amazon parrot.  A sil-
ver stain demonstrates the morphology of 
the hyphae.   (GMS, 400X) (Photo courtesy of:  
Schwarzman Animal Medical Center, Depart-
ment of Anatomic Pathology. 
www.amcny.org) 

 
 
Conidia of Aspergillus fumigatus may be re-
sistant to respiratory macrophage-induced 
killing.1 Invasion of blood vessels is a fre-
quently reported sequel,1,2 and was observed 
in this case. 
 
Deposition of calcium oxalate crystals in as-
sociation with Aspergillus spp has been docu-
mented in domestic animals and humans.2,7 
Aspergillus spp synthesize oxalic acid as a 
product of the tricarboxylic acid cycle, result-
ing in precipitation of calcium oxalate crys-
tals, which may cause tissue damage.7 The 
crystals are needle-like and may have wheat-
sheaf or rosette arrangements, are clear to 
pale yellow and strongly birefringent under 
polarized light.2,7 In one study, cases of avian 
aspergillosis with oxalate crystal formation 
occurred commonly in respiratory tissues that 
interfaced with air (nasal sinus, trachea, syr-
inx, lung, air sac).7 Sparse or colorless crys-
tals can be difficult to identify without rou-
tine polarization. In the aforementioned 
study, calcium oxalate crystals were found in 
11 of 16 avian cases after retrospective re-
view, however, few were identified on the in-
itial report.7 Thus, routine polarization of 

slides in cases with Aspergillus infections in 
respiratory tissues is recommended.7  
 
Definitive diagnosis of aspergillosis in birds 
is based on fungal identification and docu-
mentation of fungal organisms within the as-
sociated lesions. Hyphal morphology of As-
pergillus is similar to that of other fungi in 
the hyalohyphomycosis group. Some studies 
found that hyphae morphologically consistent 
with Aspergillus spp were identified as other 
genera with culture or PCR.4 The presence of 
conidiophores allows definitive diagnosis of 
the genus Aspergillus, however, there is sub-
stantial overlap in the morphologic features 
of the conidiophores of different Aspergillus 
species, including seriation, phialides ar-
rangement and pigmentation.7 Thus, conidia  
 
morphology cannot be relied upon for specia-
tion of Aspergillus.2,7 Fungal culture from 
clinical samples is considered to be the gold 
standard for fungal identification, however, 
the time frame for these cultures is often 
long. Additional options include use of mo- 
 

 
Figure 4-7. Abdominal air sacs, Amazon par-
rot.  Conidia are present within the abdominal 
air sacs. (HE, 1000X) (Photo courtesy of:  
Schwarzman Animal Medical Center, Depart-
ment of Anatomic Pathology. 
www.amcny.org) 
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Figure 4-8.  Abdominal air sacs, Amazon par-
rot.  Diagram of diagnostic features of fungal 
conidia. (HE, 1000X) (Photo courtesy of:  
Schwarzman Animal Medical Center, Depart-
ment of Anatomic Pathology. 
www.amcny.org) 

 
lecular assays, immunohistochemistry and in-
situ hybridization from formalin fixed, paraf-
fin-embedded (FFPE) tissues and cytology 
slides. PCR using primers that target and am-
plify conserved portions of the fungal ge-
nome (internal transcribed spacers and the 
5.8S rRNA gene) followed by sequencing is 
another potential method of identification.3,4,6 
High quality fungal DNA was able to be ob-
tained from FFPE tissues in 70% of cases in 
one study, which correlated with the histolog-
ical identification in 62% of cases. Matrix-as-
sisted laser desorption ionization time-of-
flight mass spectrometry (MALDI-TOF MS) 
is an additional potentially useful tool, how-
ever, is currently only available for some As-
pergillus fumigatus related species.6 Given 
the presence of conidiophores, additional an-
cillary tests for speciation were not requested 
in this case. 
 

Contributing Institution: 
www.amcny.org 

 

 

JPC Diagnosis: 
Synsacrum, lumbosacral spinal cord: Osteitis 
and meningomyelitis, heterophilic, necrotiz-
ing, acute, multifocal, severe with vasculitis 
and fungal hyphae 
 
JPC Comment:   
The contributor provides an excellent sum-
mary of the case along with many helpful fig-
ures. The framing of the entire synsacrum 
and glycogen body on the slide that mirrors 
the gross image is simply a bonus for us. 

We approached our morphologic diagnosis 
slightly differently and emphasized (me-
ningo)myelitis and osteitis separately. In con-
trast to Case 2, the bone in this section is 
pneumatic and lacks marrow elements. As 
osteomyelitis best describes inflammation of 
the osseus medulla (including the marrow), 
we made this distinction. In our review of the 
slides we did not observe oxalate crystals, 
though this may reflect a lack of free calcium 
to utilize in the TCA cycle (e.g. from adja-
cent hemorrhage and cell loss). 

We covered Aspergillus in the guttural pouch 
of a horse this year in Conference 1, Case 3. 
Both cases feature vascular lesions, though 
the degree of infarction and secondary 
changes are much more pronounced in that 
horse than in this parrot. This likely reflects 
the route of entry via extension of the air sac 
versus direct hematogenous entry. 

Conference participants should have been 
able to recognize this histologic section as 
“pelvis” or “synsacrum” based on either of 
two histologic features: the presence of the 
glycogen body, which is located in the lum-
bosacral spinal cord, or the fusion of the ver-
tebral bodies, which represents the synsa-
crum.  
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CASE I:   
 
Signalment:  
22 year old, female, Green anaconda (Eu-
nectes murinus) 
 
History: 
This snake was humanely euthanized due to a 
persistent Ophidiomyces infection with clini-
cal signs (not specified), despite over 6 
months of treatment with terbinafine.  
 
Gross Pathology:  
Necropsy was performed by the clinicians, 
and formalin-fixed tissues were sent to our 
laboratory for histopathologic exam. The cli-
nicians reported multifocal areas of brown 
discoloration on the ventral scales. Corneas 
were reported to be cloudy. There were mul-
tifocal yellow nodules in the lungs.   
 
Laboratory Results: 
Antemortem skin swab submitted to the Illi-
nois Veterinary Diagnostic Laboratory was 
positive via qPCR for Ophidiomyces 

Postmortem, panfungal PCR at the Univer-
sity of Florida did not detect Ophidiomyces 
in paraffin-embedded lung tissue.  
 
Microscopic Description:  
Randomly distributed in the lungs are multi-
focal to coalescing nodules composed of cen-
tral areas of amorphous, eosinophilic to occa-
sionally mineralized, necrotic debris. This 
central necrotic material is surrounded by 
moderate to high numbers of macrophages,  

 
Figure 1-1. Lung, green anaconda. Scattered 
throughout the lung, there are numerous 
granulomas expanding the faveolar septa. 
(HE, 10X) 

 

with lymphocytes and plasma cells present at 
the periphery. In some granulomas, fungal 
hyphae that are 2-3 um wide, with parallel 
walls, septa, and occasional acute angle 
branching, stain positive with Grocott methe-
namine silver (GMS) and periodic-acid-
Schiff (PAS) stains.   

Contributor’s Morphologic Diagnosis: 
Lungs: Multifocal granulomatous pneumonia 
with fungi  
 
Contributor’s Comment: 
This case highlights a granulomatous pneu-
monia caused by a fungus with histologic 
features consistent with Ophidiomyces ophi-
odiicola. The fungal infection is presumed to 
have originated from the dermal Ophidiomy-
ces ophiodiicola  infection detected ante-
mortem via qPCR in dermal lesions found on 
this captive, green anaconda.  
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Figure 1-2. Lung, green anaconda. Coalescing 
granulomas expand the alveolar septa (HE, 
111X) 

 
Ophidiomyces ophiodiicola is the causative 
agent of “snake fungal disease”. First de-
scribed in eastern massasauga rattlesnakes in 
Illinois, USA, in 2011, it was originally char-
acterized as an emerging infectious disease.1,2 
It has since been described in the eastern to 
mid-western United States, Canada, Europe, 
and in Australia.2,3,4,5  However, recent re-
views suggest that O. ophiodiicola may be a 
common, endemic disease that was previ-
ously uncharacterized, rather than an emerg-
ing infectious agent.2,6  Retrospective testing 
found the earliest confirmed infection to be 
1986, and there does not appear to be an in-
crease over the last decade in the prevalence 
of O. ophiodiicola or change in its distribu-
tion, at least in North America.2 
 
Originally classified within the chryso-
sporium anamorph of Nannizziopsis vriesii 
complex, it was initially unclear if O. ophi-
odiicola was a primary or opportunistic path-
ogen.7 Later experimental infections of corn 
snakes with O. ophiodiicola  confirmed a 
casual link between O. ophiodiicola and le-
sions consistent with those seen in wild 
snakes with snake fungal disease. In addition, 
they found that variation of described clinical 
signs in the literature may be explained by 
the stage of infection.7 Increased frequency 
of molting, anorexia, and abnormal behaviors 
such as resting in conspicuous areas were 
also observed.7  
 

The clinical presentation can vary, but typi-
cally, O. ophiodiicola produces a fungal der-
matitis characterized by early superficial der-
matitis and scale loss, and severe and chronic 
infections can result in extensive ulceration, 
facial swelling and disfiguration.1,3,8  Histo-
logically, lesions range from heterophilic to 
necrotizing epidermitis, with or without gran-
ulomatous dermatitis, granulomatous pneu-
monia, granulomatous endophthalmitis, and 
subcutaneous/intramuscular granulomas.6  
Systemic infections have been described.9   
 
In addition to histopathology and histochemi-
cal stains, fungal culture and PCR are recom-
mended for definitive diagnosis.3 In this case 
antemortem dermal swabs were positive for 
Ophidiomyces ophiodiicola via qPCR. Post-
mortem panfungal PCR of paraffin-embed-
ded lung tissue did not detect Ophidiomyces 
ophiodiicola, but did detect  Malassezia sp, a 
presumed contaminant, given histologic fea-
tures of the fungus. Given the antemortem 
qPCR positive, and histologic features, a pre-
sumptive diagnosis of granulomatous pneu-
monia due to Ophidiomyces ophiodiicola was 
made.  It is likely that prolonged formalin 
fixation interfered with amplification of 
Ophidiomyces ophiodiicola in this case.  
 

 
Figure 1-3. Lung, green anaconda. The outline 
of septate fungal hyphae may be seen within 
the central coagulum in several of the 
granulomas. (HE, 1336X) 
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Figure 1-4. Lung, green anaconda. A GMS stain 
highlights the morphology of the fungal 
hyphae. (GMS, 637X) 

 
Contributing Institution:  
https://nmdeptag.nmsu.edu/labs/veterinary-
diagnostic-services.html 
 
JPC Diagnosis: 
Lung: Pneumonia, granulomatous, chronic, 
multifocal, moderate, with fungal hyphae. 

JPC Comment:  
This week’s moderator was Dr. Lauren 
Peiffer of Smithsonian’s National Zoo and 
Conservation Biology Institute who explored 
bird and reptile cases with conference partici-
pants. This first case in a green anaconda is a 
rare look at a snake lung with marked ancil-
lary changes to accompany prominent granu-
lomas. The faveolar septa are expanded either 
by fibrosis and/or smooth muscle hyperplasia 
and contain hemosiderin-laden macrophages 
which reinforce the chronicity of the overall 
process. Fungal elements are apparent in se-
lect granulomas on H&E, but their mophol-
ogy is better appreciated with GMS and PAS 
stains. In particular, PAS(with malachite 
green counterstain) was helpful for detailing 
septation and contour of hyphae which was 
consistent with Ophidiomyces ophiodiicola. 

Dr. Peiffer discussed differentials for lung 
granulomas in snakes with mycobacteriosis 

being an important rule out. We performed 
modified Gram stains (Brown-Brenn, Brown-
Hopps) and acid-fast stains (Fite-Faraco, 
Ziehl-Neelsen) which identified gram-posi-
tive bacilli with some granulomas that were 
highlighted with Fite-Faraco, but not Ziehl-
Neelsen. These findings are consistent with 
Mycobacterium sp.  and concurrent infectious 
agents are a common finding in granuloma-
tous inflammation. Multiple species of myco-
bacteria have been reported in snakes, includ-
ing M. marinum, M. haemophilum, M. kan-
sasii, M. chelonae, and M. leprae.10 

We agree with the contributor that the finding 
of Malassezia on the panfungal PCR is prob-
ably spurious and second the notion to com-
pare the results of ancillary diagnostics in as-
sessing their validity. Malassezia restricta is 
a common contaminant and in this case may 
have been preserved within the paraffin block 
or sampled from the operator or lab environ-
ment itself. The lack of recovery of Ophidio-
myces ophiodiicola may reflect degradation 
of DNA in formalin – given the large number 
of hyphae present in section, we do not be-
lieve that prolonged antifungal therapy was 
probably not a factor. 

 
Figure 1-5. Lung, green anaconda.  Some 
granulomas contain acid-fast bacilli. (Fite-
Faraco, 858X) 
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CASE II:  
 
Signalment:  
5-year-old, male, Bearded Dragon (Pogona 
vitticeps). 
 
History:  
Three-day history of anorexia, no defecation, 
and dull mentation. On physical exam: poor 
body condition score, severe dehydration, 
and palpable mass in the mid-left coelomic 
cavity, described as mobile, firm, and ap- 

 
Figure 2-1. Coelomic viscera, bearded dragon.  
The serosal surface of the stomach has multi-
focal, confluent, white-tan, firm, variably de-
marcated nodules, which extended to the ad-
jacent fat pad, mesentery, and small inte-
olestine (Photo courtesy of:  Western College 
of Veterinary Medicine, University of Sas-
katchewan, https://wcvm.usask.ca/depart-
ments/vet-pathology.php) 
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Figure 2-2. Coelomic viscera, bearded dragon. 
Cut surface of the gastric neoplasm. (Photo 
courtesy of:  Western College of Veterinary 
Medicine, University of Saskatchewan, 
https://wcvm.usask.ca/departments/vet-pa-
thology.php) 

 

proximately 2 x 4 cm in size. No further di-
agnostics performed. Euthanasia was elected 
due to declining condition. 

 
Gross Pathology:  
The animal had moderate body fat stores and 
decreased muscle mass. The mucous mem-
branes of the mouth were pale, and the 
tongue was pale yellow. The serosal surface 
of the stomach had multifocal, confluent, 
white-tan, firm, variably demarcated nodules, 
which extended to the adjacent fat pad, mes-
entery, and small intestine. On cut section, 
the gastric wall was diffusely thickened, 
white-tan, and firm.  

 

 

Microscopic Description: 
Gastric tumor: Expanding and effacing the 
gastric submucosa, tunica muscularis, and se-
rosa, there is a well-demarcated, unencapsu-
lated, multi-lobular, infiltrative, and densely 
cellular neoplasm. The growth is composed 
of neoplastic polygonal cells arranged in 
packets, sheets, and occasional pseudoro-
settes with nuclear palisading around blood 
vessels, all supported by a delicate fibrovas-
cular stroma. The neoplastic cells have scant, 
poorly defined, amphophilic, finely granular 
cytoplasm; their nuclei are round to oval with 
finely stippled chromatin, and small to incon-
spicuous nucleoli. There is mild to moderate 
anisocytosis and anisokaryosis. A total of 37 
mitotic figures (sometimes atypical) are 
counted in 10 consecutive HPF (x400). Many 
lymphatic vessels are occluded by neoplastic 
cells. There are multifocal areas of necrosis 
characterized by eosinophilic cellular and ba-
sophilic karyorrhectic debris and eosinophilic 
smooth to slightly fibrillar deposits (fibrin); 
sometimes intermixed with colonies of coc-
cobacilli. There are numerous apoptotic cells 
and variably sized aggregates of granulo- 

 
Figure 2-3. Stomach, bearded dragon.  Two 
sections of a large partially necrotic neoplasm 
arising in the muscularis is submitted for ex-
amination. The gastric mucosa is present at 
top right. (HE, 6X). 
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Figure 2-4. Stomach, bearded dragon.  Neo-
plastic cells are arranged in large nests. (HE, 
243X). 

 

cytes, lymphocytes, macrophages, and 
plasma cells within the mass. The gastric mu-
cosal epithelium and glands are usually 
spared. Approximately 10% of the neoplastic 
cells have argyrophilic cytoplasmic granules 
(confirmed with Grimelius stain). 

Immunohistochemistry (IHC) for somatosta-
tin on section of gastric tumor: cytoplasmic 
immunoreactivity in approximately 10% of 
neoplastic cells.  

 

Contributor’s Morphologic Diagnosis: 
Gastric neuroendocrine carcinoma (suspected 
malignant somatostatinoma) 

 

Contributor’s Comment:  
Neuroendocrine (NE) tumors (also called car-
cinoids) of the alimentary tract arise from 
dispersed enteroendocrine cells.5 There are 
many types of enteroendocrine cells which 
have differences in anatomic location and 
hormonal mediator produced (e.g. G cells are 
located in the pylorus and produce gastrin), 
and NE tumors can be further subclassified 
based on these properties. NE tumors may be 
benign or malignant, well-differentiated or 
poorly differentiated, functional or non-func-
tional, and exhibit single or multi-hormonal 
expression of secretory mediators.5,9  

Gastric neuroendocrine carcinomas are a 
highly malignant emerging entity in young 
bearded dragons, and are frequently metasta-
sized to the liver upon presentation.9,4,7,11 
Commonly observed clinical signs include 
anorexia, vomiting, weight loss, and leth-
argy.4,7,9,11 Reported clinical pathologic ab-
normalities include hyperglycemia and ane-
mia.7,9,11 Grossly, gastric tumors are de-
scribed as variable in size, multinodular but 
often well demarcated, pale tan to white, 
firm, with protrusion into the gastric lumen 
and ulceration of the associated gastric mu-
cosa.9 Occasional cases report no masses 
identified grossly.9 Histopathology of these 
tumors are characteristic of neuroendocrine 
neoplasms, and they are primarily located in 
the gastric submucosa.4,7,9,11 In one publica-
tion, extended IHC analysis of five cases re-
vealed consistent immunoreactivity for soma-
tostatin (n=5), along with varying immunore-
activity for gastrin (n=3), synaptophysin 
(n=2), pancreatic polypeptide (n=2), chro-
mogranins A and B (n=1), and glucagon 
(n=1); and therefore further characterized the 
neoplasms as malignant somatostatinomas.9  
 
 

 
Figure 2-5.  Stomach, bearded dragon.  High 
magnification of neoplastic cells. (HE, 1168X). 
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Figure 2-6.  Stomach, bearded dragon.  A silver 
stain demonstrates argyrophilic granules 
within neoplastic cells. (Grimelius, 400X). 
(Photo courtesy of:  Western College of Veter-
inary Medicine, University of Saskatchewan, 
https://wcvm.usask.ca/departments/vet-pa-
thology.php) 

 
In our individual, there was widespread mi-
croscopic metastasis in the heart, lung, liver 
(with concurrent hepatic lipidosis), small in-
testine, kidney, adrenal gland, and testes. Cy-
toplasmic immunoreactivity for somatostatin 
was observed in a proportion of neoplastic 
cells and is similarly supportive of a more 
specific diagnosis of malignant somato-
statinoma. However, IHC for other hormonal 
mediators was not pursued in our case, so the 
possibility of multi-hormonal expression was 
not assessed. 
 
Hyperglycemia has been observed in some 
bearded dragons with these tumors9,7,11 and is 
also noted in a proportion of people with so-
matostatinomas.6 The pathogenesis of hyper-
glycemia is due to excessive production of 
somatostatin, which inhibits secretion of 
most pancreatic and gut hormones including 
insulin, leading to decreased glucose intake 
into cells and therefore elevation of glucose 
levels in the blood. In people, clinical disease 
due to excessive somatostatin production 

from NE tumors is called “somatostatin syn-
drome”, and is characterized by diabetes 
mellitus, cholelithiasis, and diarrhea/steator-
rhea.6 It is possible that a similar syndrome is 
occurring in bearded dragons with gastric 
neuroendocrine carcinomas, however further 
investigation is needed.  
 
In terms of comparative pathology, gastric 
NE tumors have been rarely reported in the 
dog,3,5,8 cat,5,10 and ferret.1 In addition, there 
is a published case series of benign gastric 
NE tumors in three captive snow leopards.2 

 

Contributing Institution:  
Western College of Veterinary Medicine 
University of Saskatchewan 
52 Campus Dr, Saskatoon, SK, Canada S7N 
5B4 
https://wcvm.usask.ca/departments/vet-pa-
thology.php 
 
JPC Diagnosis: 
Stomach: Neuroendocrine carcinoma 
 

 
Figure 2-7.  Stomach, bearded dragon. Multi-
focally, neoplastic cells demonstrate strong  
cytoplasmic immunopositivity for somatosta-
tin. (anti-somatostatin, 400X). (Photo courtesy 
of:  Western College of Veterinary Medicine, 
University of Saskatchewan, 
https://wcvm.usask.ca/departments/vet-pa-
thology.php). 
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Figure 2-8. Liver, bearded dragon.  There is 
hepatic metastasis.  Hepatocytes demon-
strate marked lipidosis.   (HE, 400X). (Photo 
courtesy of:  Western College of Veterinary 
Medicine, University of Saskatchewan, 
https://wcvm.usask.ca/departments/vet-pa-
thology.php). 

 

JPC Comment:  
Case 2 is a classic neuroendocrine neoplasm 
in a bearded dragon. We attempted to charac-
terize it further, although the JPC’s IHCs 
(aside from a weakly reactive chromogranin) 
were negative or non-contributory. Dr. 
Peiffer emphasized the need for an antibody-
specific control in addition to a species tissue 
control in evaluating the performance of as-
says that have not been validated in a particu-
lar species. This is a frequent consideration 
for us given that we share laboratory services 
with a larger human hospital, and few of our 
antibodies have been validated for exotic spe-
cies. The Grimelius stain employed by the 
contributor is a creative way to assess for 
neuroendocrine cells producing CCK or so-
matostatin as these characteristically lack an 
argyrophil reaction.12 That stated, it is diffi-
cult to interpret this stain without a matched 
control to assess stain performance. Finally, 
conference participants discussed the somato-
statin IHC result – we considered whether the 
lower proportion of immunoreactive cells 

could reflect a different neuroendocrine neo-
plasm producing multiple hormones. For this 
reason, we settled on a neuroendocrine carci-
noma as the most appropriate morphologic 
diagnosis for this case. 

The gross images from this case are excellent 
and merit a short sidebar discussion. Recog-
nizing normal anatomy is critical when inter-
preting lesions in zoo animals and wildlife. 
As the liver of reptiles contains melanom-
acrophages, the darkened color of the liver in 
this case is normal and is perhaps accentuated 
by the histologic finding of lipidosis reported 
by the contributor. Melanomacrophages are 
pigment-laden macrophages that contain mel-
anin granules, though they may also contain 
hemosiderin and/or lipofuscin which cannot 
be distinguished on H&E alone. Melanom-
acrophages are also present in fish and am-
phibians. Melanomacrophage hyperplasia is a 
non-specific feature that can be appreciated 
microscopically and in some cases, grossly. 
Conference participants also discussed the 
abdominal fat pads and far caudal position of 
the kidneys in this species (not visible in the 
provided photo, unfortunately). 

 
Figure 2-9.  Kidney, bearded dragon.  There is 
renal metastasis.  (HE, 400X). (Photo courtesy 
of:  Western College of Veterinary Medicine, 
University of Saskatchewan, 
https://wcvm.usask.ca/departments/vet-pa-
thology.php). 
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CASE III:  

Signalment:  
Adult great blue heron (Ardea herodias) of 
unknown sex 
 
History:  
The free-ranging heron was found dead on 
zoo premises. Blood was noted on the feet. 
 
Gross Pathology: 
The heron was in markedly autolyzed post-
mortem and mildly decreased nutritional con-
dition. Scant dried blood coated the feet. In-
tracoelomic and pulmonary hemorrhage were 
present. Embedded in the proventricular and 
ventricular serosa were seven, 1 mm diameter 
and 6-11 cm long, tan and red nematodes 
with tapered tails. A gill raker fragment was 
firmly embedded in the proventricular mu-
cosa. Firm, cylindrical concretions of feces 
filled the colon and cloaca. 
 
Laboratory Results: 
Cloacal and oropharyngeal swabs were sub-
mitted for highly pathogenic avian influenza 
virus (HPAIV) PCR test.  HPAIV was not 
detected in the sample. 
 
Microscopic Description:  
Proventriculus (1 section): The serosa and 
adjacent adipose are focally disrupted and ex-
panded by a 2.5 mm-diameter granuloma 
centered on a single, 1 mm-diameter adult 
nematode that has a smooth eosinophilic cuti-
cle, polymyarian-coelomyarian musculature, 
hypodermal nuclei, ventral nerve cords, a 
pseudocoelom, a glandular esophagus with 
associated pseudomembranes, a reproductive 
tract, and an intestinal tract lined by 
uninucleate, columnar epithelium with a  

384



10 
 

 
Figure 3-1.  Proventriculus and ventriculus, 
great blue heron. Embedded in the proven-
tricular and ventricular serosa were seven, 1 
mm diameter and 6-11 cm long, tan and red 
nematodes with tapered tails.  (Photo cour-
tesy of:  University of Wisconsin CVM, Dept. 
of Pathology) 

 

prominent brush border (aphasmid). The 
nematode is surrounded by large numbers of 
fragmented heterophils, epithelioid macro-
phages, and multinucleated giant cells. The 
granuloma is circumscribed by concentric 
layers of loose fibrous connective tissue in-
terspersed with many plump fibroblasts and 
small numbers of lymphocytes. The serosal 
vessels are multifocally cuffed by medium 
numbers of lymphocytes and plasma cells. 
The adipose tissue is severely atrophied. A 
single proventricular gland is distended by an 
intraluminal, 0.5 x 1.5 mm adult nematode 
that has a smooth thin eosinophilic cuticle, 
indistinct musculature, a pseudocoelom filled 
with eosinophilic homogeneous material, a 
reproductive tract containing many embryo-
nated eggs, and an intestinal tract lined by 
uninucleate columnar epithelium (spirurid). 
The eggs are 20 x 30 um and ovoid with a 

smooth, thick shell. Remaining glands multi-
focally contain eosinophilic flocculent mate-
rial. The overlying lamina propria is infil-
trated by small numbers of eosinophils.  

 
Ventriculus (2 sections): The muscularis and 
serosa are multifocally disrupted by large, 
multifocal to coalescing granulomas centered 
on four sections of an adult aphasmid nema-
tode similar to that previously described in 
the proventriculus. The granulomas are simi-
larly circumscribed by fibrous connective tis-
sue interspersed with medium numbers of 
lymphocytes, plasma cells, and eosinophils. 
The adjacent adipose is severely atrophied.  
 

Contributor’s Morphologic Diagnosis:  
Proventriculus and ventriculus: Severe, 
chronic, multifocal to coalescing, granuloma-
tous proventricular serositis and mural ven-
triculitis with adult aphasmid nematodes   
 
Proventriculus: Moderate, focal glandular ec-
tasia with intraglandular adult spirurid nema-
tode and mild eosinophilic proventriculitis  
 
Contributor’s Comment:  
Eustrongylidosis is a condition of fish-eating 
birds caused by infection with aphasmid 
nematodes in the genus Eustrongylides, 
which has 3 recognized species E. ignotus, E. 
tubifex, and E. excisus.5 Eustrongylides spp. 
are found globally, except for arctic and sub-
arctic regions, and E. ignotus and E. tubifex 
are the two species most often reported in the 
USA. 1,5 Classically, E. ignotus affects the 
ventriculus of Ciconiiformes, whereas E. tu-
bifex affects the esophagus and proventricu-
lus of mergansers, loons, and cormorants.1,2   
 
For E. ignotus, the definitive hosts are multi-
ple genera of herons and egrets in the family 
Ardeidae.10 Intermediate hosts include a vari-
ety of fish species and oligochaete worms.2,9 

Birds shed eggs into the environment via 

385



11 
 

their feces, and eggs are consumed by the 
first intermediate host, an oligochaete 
worm.1,5  First and second stage larvae mature 
within the worm.5 The first intermediate hosts 
are then ingested by fish and larvae migrate 
through the body after penetrating the intesti-
nal wall. Within the fish, larvae mature to the 
third and fourth stages and can be found in 
muscle, hepatopancreas, and gonads.5 Am-
phibians, reptiles, and predatory fish can also 
serve as paratenic hosts.1 Birds then consume 
parasitized fish or other paratenic hosts and 
infective fourth stage Eustrongylides larvae 
reach the stomach wall within 3-5 hours of 
ingestion.5 Larvae mature over the next 10-15 
days, and start producing eggs between 10-25 
days post ingestion.1,5 Eggs are excreted into 
the environment, where they can survive for 
several years. 5 Non-patent infections with E. 
ignotus have been reported in Pelecaniformes 
and non-ardeid Ciconiiforme birds, and birds 
of prey can also be parasitized.1,10   
 
The prevalence of Eustrongylides spp. varies 
between studies and may be related to re-
gional variation in parasite prevalence, in-
creased prevalence in birds submitted to re-
habilitation centers or for necropsy, age 
group studied, and affected avian species. 
One study in birds at a North California wild-
life rehabilitation center found Eustron-
gylides sp. in 30% of necropsied herons and 
egrets.6 An earlier study found only 6% of 
wild nestlings collected from a colony in 
Northern California were infected, compared 
to 4% of nestlings in a Rhode Island colony 
and 35% in a Texas colony.3  
 
In affected herons and egrets, low burdens 
are typically subclinical whereas higher para-
site burdens can contribute to individual mor-
bidity and mortality, especially in younger 
birds.6 Associated clinical signs include hy-
pothermia, anorexia, regurgitation, weakness, 
and weight loss.6,10 Multiple epizootics have  

 
Figure 3-2. Proventriculus and ventriculus, 
great blue heron. Sections of ventriculus and 
proventriculus are submitted for 
examination.  There are cross sections of 
adult aphasmid nematodes within the serosa 
of the proventriculus, the muscularis of the 
ventriculus, and an adult spirurid in a 
proventricular gland.  (HE, 10X). 

 
been reported in wild Ardeidae, especially in 
nestlings in coastal rookeries.1,9 Fatal cases 
are associated with severe coelomitis and 
sepsis when penetration of the ventriculus 
wall by larval eustrongylids leads to bacterial 
translocation.2,9  
 
Acute lesions are found in birds as young as 
2 days, as well as adults, and are most often 
associated with fourth-stage larvae, with rarer 
non-gravid adults.9 Parasites are typically 
found below the serosa of the ventricle or on 
the ventral aspect of the serosal surface.9 Less 
often, parasites and/or associated lesions can 
be found in the air sacs, liver, pericardium, 
body wall, intestine, or other caudal coelomic 
organs.9 Chronic lesions occur in birds over 1 
week old, and the majority involve adult par-
asites.9 Tortuous, yellow-tan, tubular tunnels 
containing tan to red nematodes extend 
across the ventriculus surface, sometimes ex-
tending to the intestines and liver.6,9 Air sacs, 
gallbladder, proventriculus, cloaca, body 
wall, and pancreas are less often involved, 
with esophagus, spleen, kidney and lung 
rarely affected.9 More chronic and/or severe 
cases can have coelomitis, air sacculitis, fi-
brinous and fibrous adhesions, and inflamma-
tory nodules in multiple organs.9 For both  
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acute and chronic cases, a subset are associ-
ated with subserosal hematomas.9  
 
The most common microscopic findings in 
acute cases are parasite larvae associated 
with minimal hemorrhage, eosinophilic in-
flammation, and pyknotic cellular debris.9 

With chronicity, changes include granuloma-
tous inflammation, necrosis, and fibrosis ac-
companied by bacterial colonies and eustron-
gylid eggs. 9 Fibrinous to fibrous tunnels con-
nect to the ventriculus lumen and contain a 
single, adult parasite, with variable intramu-
ral mineralization, eosinophilic infiltrates,  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
and bacteria.9 Aphasmid nematodes are dis-
tinguished by bacillary bands and a single 
genital tract in adult females.4 Eustrongylides 
spp. have thick-shelled, operculated eggs, a 
glandular esophagus, a smooth cuticle, coe-
lomyarian musculature, and pseudomem-
branes.4  
 
In waterbirds, a specific coelomic palpation 
protocol is a useful antemortem diagnostic 
technique, especially for more chronic cases 
with tunnel lesions.8 Mineralization of para-
site tunnels in the ventriculus may be visible 
radiographically.10 Post-mortem diagnosis is  

Figure 3-3.  Ventriculus, great blue heron. The serosa is expanded by a granuloma centered on a 
cross-section of adult aphasmid nematode. Features apparent in section include a smooth, eosino-
philic cuticle, a pseudocoelom, polymyarian-coelomyarian musculature, and an intestinal tract lined 
by uninucleate columnar epithelium with a prominent brush border. (HE, 200X) (Photo courtesy of:  
University of Wisconsin CVM, Dept. of Pathology) 
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typically by observation of characteristic le-
sions and identification of larvae or adult par-
asites, although molecular-genetic techniques 
are also reported.5 Human eustrongylidosis is 
rare, reported most often in the USA in indi-
viduals with a history of ingesting live or raw 
fish.5    
 
Tetrameres spp. are spirurid nematodes be-
longing to the Tetrameridae family, a group 
which includes three genera (Tetrameres, Mi-
crotetrameres, and Geopetitia) and dozens of 
species.2,7 For Tetrameres, female parasites 
are found within proventriculus glands; males 
are either associated with females or within 
the lumen, although some species encyst 
within the muscular wall.7 Sexual dimor 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
phism is a prominent feature for Tetrameri-
dae and females may be globular and less fil-
iform than males due to marked uterine dis-
tention.7 Tetrameres lifecycles vary based on 
species, but the definitive host is usually an 
aquatic bird and the intermediate host is usu-
ally a crustacean.7 For parasites primarily af-
fecting terrestrial birds, the intermediate host 
are typically orthopteran or coleopteran in-
sects.7 Prevalence varies based on species and 
geographic location; prevalence and intensity 
can also vary substantially by year and 
study.7 Infection is often considered inci-
dental, but overcrowding and high intensity 
infections can contribute to morbidity and/or 
mortality.2 In domestic species, typical clini-
cal signs of Tetrameres sp. infection include 
hyporexia, diarrhea, and emaciation, and 

Figure 3-4 Proventriculus, great blue heron. A dilated mucosal gland contains an intraluminal, adult 
spiurid nematode consistent with Tetrameres sp. Features apparent in section include a smooth, 
thin, eosinophilic cuticle, indistinct musculature, a pseudocoelom filled with eosinophilic, homoge-
neous material, and reproductive tract with embryonated eggs.  (HE, 200X) (Photo courtesy of:  Uni-
versity of Wisconsin CVM, Dept. of Pathology) 
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clinical signs in wild birds are less defined.7 

Aquatic birds are most often affected (e.g. 
Anseriformes, Ardeiformes, Gruiformes, and 
Charadriiformes), although Passeriformes 
and Galliformes can be parasitized by some 
species.7 Microtetrameres spp. more often 
parasitize terrestrial birds or those feeding on 
land, whereas Geopetitia can parasitize a 
wide variety of wild birds globally.7 For this 
case, Microtetrameres sp. remains a differen-
tial based on histologic features. Classic 
gross findings of Tetrameres sp. infection in-
clude red nodules in the proventricular mu-
cosa containing red, female adult worms, 
which can be visible from the serosal surface, 
mucosal hyperplasia, necrotic material coat-
ing the proventricular mucosa, mucoid mate-
rial coating the small intestinal mucosa, and 
green to golden-brown discoloration of small 
intestinal contents.2,7  Histologically, para-
sites show typical features of spirurid para-
sites including coelomyarian musculature, 
large intestines lined by uninucleate cells, eo-
sinophilic fluid within the pseudocoelom, 
prominent lateral chords, and small charac-
teristic spirurid eggs within adult females.4 

Proventricular glands are distended by adult 
female nematodes, which can cause compres-
sive changes in adjacent tissue, and there is 
variable mucosal inflammation.7 Fecal exam-
ination may reveal ovoid, thick-shelled, lar-
vated ova; however, these are challenging to 
differentiate from other spirurid eggs.7 Typi-
cally, diagnosis is via post-mortem detection 
of classic lesions and worms, and speciation 
is primarily via examination of male worms.7 

Tetrameres spp. can infect both domestic and 
wild birds, but is not known to infect hu-
mans.7  
 
Contributing Institution:  
University of Wisconsin 
School of Veterinary Medicine 
Department of Pathobiological Sciences 
2015 Linden Drive 
Madison, WI 53706 

JPC Diagnosis: 
1.  Proventriculus and ventriculus:  Serositis, 
granulomatous, diffuse, marked with adult 
aphasmid nematodes 

2.  Proventriculus:   Glandular ectasia, focal, 
moderate to marked, with intraglandular 
adult spirurid nematode 

3.  Adipose tissue:  Atrophy, diffuse, marked 

 

JPC Comment:   
We thank the contributor for the detailed 
writeup and presentation of these two nema-
todes in section. Identifying Eustrongylides 
was not much of a diagnostic mystery as 
characteristic structures were easy to appreci-
ate (and its large size helps a bit as well). The 
single Tetrameres was slightly more prob-
lematic though careful examination and com-
parison to Eustrongylides allowed conference 
participants to appreciate the different fea-
tures. The eosinophilic fluid within the pseu-
docoelom was helpful as the overall shape of 
the nematode is not as globoid (or filled with 
ova) as we have seen previously which may 
reflect some degeneration. Incidentally, we 
also noticed the eosinophils the contributor 
describes in the adjacent portion of the pro-
ventriculus. Distinguishing granulocytes is 
difficult in birds, though the round granules 
(and adjacent metazoan parasite) are support-
ive. In contrast, heterophils have more elon-
gate granules. We also added an additional 
morphologic diagnosis for the atrophy of fat 
which was quite pronounced in this case. 
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Figure 4-1.  Kidney, budgerigar. Multiple sec-
tions of a kidney which is effaced by a neo-
plasm are submitted for examination. Normal 
testis is also present (center) (HE, 6X) 

 
CASE IV:  

Signalment:  
Adult, male, blue and white budgerigar 
(Melopsittacus undulatus) 

 
History: 
This adult male budgerigar was housed in an 
indoor aviary. He had been vaccinated 
against West Nile virus in May, 2020. Spring 
of 2021, he was found dead with no reported 
antemortem clinical signs. 

Gross Pathology:  
Bilaterally effacing the kidneys is a multilob-
ulated, poorly circumscribed, tan, soft mass. 
The mass moderately displaces the testes, 
cranially. There are scant subcutaneous and 
visceral adipose stores. 

Laboratory Results: 
Chlamydia psittaci, avian polyomavirus, and 
psittacine herpesvirus were not detected by 
real time PCR on pooled lung, liver, and kid-
ney samples. 

Microscopic Description:  
Kidney, left and right: Expanding and effac-
ing both examined sections of kidney is a 
large, multinodular, unencapsulated, densely 
cellular infiltrative neoplasm. The polygonal 
neoplastic cells variably form haphazardly 
organized tubules, papillary proliferations,  
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Figure 4-2 Kidney, budgerigar. The neoplasm is 
composed of cuboidal epithelium forming vi-
arbly dilated tubules.  A large amount of the 
tumor is composed of tumor cells in sheets 
(lower left). (HE, 154X) 

 
and occasional cords arranged over a fine fi-
brovascular stroma. The neoplastic epithelial 
cells have distinct cell borders, scant to mod-
erate amounts of clear to granular eosino-
philic cytoplasm, and a single, basally to cen-
trally located round nucleus with finely stip-
pled chromatin and one variably distinct am-
phophilic to eosinophilic nucleolus. There is 
mild to moderate anisocytosis and anisokary-
osis. There is approximately one mitotic fig-
ure per high power (400x) field. There are 
large multifocal regions of necrosis and hem-
orrhage with hemosiderin laden macrophages 
and heterophils scattered throughout the neo-
plasm. Mild to moderate amounts of bright 
homogenous eosinophilic material (proteina-
ceous fluid) occasionally fills neoplastic and 
remaining normal renal tubular lumina. The 
remaining normal renal parenchyma is com-
pressed at the periphery of the mass. The re-
maining pre-existing renal tubules occasion-
ally exhibit one or more of the following 
changes: mild to moderate ectasia, epithelial 
attenuation, pale vacuolated eosinophilic cy-
toplasm with loss of cellular detail (degenera-
tion), and/or colorless to basophilic radiating, 
sharp, acicular, crystalline deposits (urate to-
phi), often accompanied and surrounded by 
heterophils and macrophages. 
Contributor’s Morphologic Diagnosis:  
Kidney: Renal adenocarcinoma, budgerigar 

 
Contributor’s Comment:  
The cellular morphology and arrangement of 
the mass in this case are characteristic of re-
nal tubular epithelial origin.  

Renal carcinomas and adenomas are signifi-
cantly more common in budgerigars than 
other psittacine species, although the mecha-
nisms for this are not completely under-
stood.6 Captive birds are generally under-
stood to have a higher incidence of neoplasia 
than wild birds, potentially due to differences 
in life span, diet, and carcinogen exposure.8 
Several carcinogens, including but not lim-
ited to aflatoxins, lead, and nitrosamines, are 
thought to contribute to renal carcinoma de-
velopment in veterinary species.4 In addition 
to carcinogen exposure, several viral etiolo-
gies have been identified in renal carcinomas 
in some species, including induction of renal 
adenocarcinoma via avian erythroblastosis 
virus in chickens1 and renal adenocarcino-
mas, also known as Lucké’s tumor of leopard 
frogs, by ranid herpesvirus type 1 (RaHV-1).3 
Investigations into potential retroviral causes 
of renal neoplasms in budgerigars have not 
identified associated retroviruses.7    
 
The most frequent presenting clinical sign of 
renal adenocarcinoma in birds is unilateral 
lameness due compression of the sciatic 
nerve.8 The gross appearance of the renal ad-
enocarcinoma in this case was very charac-
teristic. Most renal adenocarcinomas are 
large, tan to reddish brown, soft to friable, 
and are located at the cranial pole of the kid-
neys (in this case, displacing the testes crani-
ally).8 Histologically, the variation in ar-
rangement of tubules, papillary projections 
and more solid areas of tightly packed cords 
confirm the suspected diagnosis of renal cell 
adenocarcinoma. Renal adenomas have less 
cellular pleomorphism and are comprised of 
tubules lined by a single layer of epithelium 
with a moderate fibrovascular stroma. Avian 
renal carcinomas and adenocarcinomas are 
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reported to infrequently metastasize to the 
lungs and liver.6  
 
A majority of the immunohistochemical char-
acterization of renal adenocarcinomas and re-
nal cell carcinomas has been done in canine 
patients. Immunohistochemistry for uromod-
ulin and uroplakin may be useful for confirm-
ing tissue of renal origin, as these markers are 
commonly expressed by canine renal tu-
mors.2 Additionally, canine renal cell carci-
nomas frequently co-express cytokeratin and 
vimentin, and express CD10, PAX 8, and 
napsin A.5 Though no immunohistochemistry 
was pursued in this case, it may be useful to 
try the above-mentioned markers in renal tu-
mors from budgies if the diagnosis based 
only on morphology is in question. 
 
In contrast to budgerigars, primary renal neo-
plasms are uncommon in most domestic vet-
erinary species. The most common primary 
renal neoplasm in dogs, cats, cattle, and 
horses are renal cell carcinomas rather than 
adenocarcinomas.  Additional differential di-
agnoses for a primary renal mass include re-
nal adenoma, oncocytoma, and transitional 
cell papilloma and carcinoma. Renal adeno-
mas are rare, benign epithelial neoplasms 
which are not commonly reported in budgeri-
gars.1 

 

Contributing Institution: 
University of Wisconsin 
School of Veterinary Medicine 
Department of Pathobiological Sciences 
2015 Linden Drive 
Madison, WI 53706 

 

JPC Diagnosis: 
Kidney:  Renal adenocarcinoma 
 

 
Figure 4-3. Kidney, budgerigar.  In some ectatic 
tubules, neoplastic cells form intricate papil-
lary projections. (HE, 154X) 
 

JPC Comment:   
The final case of this conference is another 
classic neoplasm, this time in a budgie. The 
contributor gave us several options among 
slides for this case. The digital section that 
we ultimately chose has a great assortment of 
ancillary features, though it might initially be 
misleading on tissue identification with the 
normal testis distracting from the relatively 
small portion of remaining renal cortex to 
evaluate. We agree that this neoplasm is a re-
nal adenocarcinoma that has both solid and 
papillary-predominant regions mixed with 
necrotic foci. In solid regions, neoplastic 
cells have increased cytoplasmic clearing 
which has been described as a clear cell his-
tologic subtype. 

We took the contributor up on their challenge 
to try canine renal cell carcinoma markers for 
this case. Napsin A, CD10, CK7, vimentin, 
and uroplakin were all immunonegative. We 
noted moderate-to-strong nuclear immunore-
activity to PAX8 within 30% of neoplastic 
cells (predominately in well-differentiated 
cells in the papillary-predominant region), 
consistent with renal epithelial cell origin. 
This distribution also aligns with PAX8 per-
formance in canine RCCs.5 The remaining re-
nal tubules served as a useful internal tissue 
control. That stated, there is conflicting infor-
mation that the avian genome (or at least 
chickens) lack an orthologous Pax8 gene9 de-
spite this convincing antibody performance. 
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Polyclonal PAX8 antibodies do cross label 
with PAX5 – review of lab materials indicate 
that we used a monoclonal mouse primary 
antibody (MRQ-50; Ventana) which removes 
this possibility. We look forward to trying 
this antibody with appropriate controls in fu-
ture cases (see discussion in case 2 of this 
conference) should the opportunity arise. 
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CASE I:   

Signalment:  

Approximately 5-month-old, female, cherry 

shrimp (Neocaridina davidi) 

 

History: 

This shrimp was one of 10 ornamental dwarf 

shrimps housed in a 28-gallon freshwater 

aquarium and was found dead with no noted 

premonitory signs. The death of this shrimp 

occurred one month after a complete water 

change from tap water to distilled and re-

mineralized water although standard water 

acclimation procedures were followed. 

 

Gross Pathology:  

External examination revealed numerous 

fine, light green to yellow, elongate to club-

shaped, up to 1 mm long structures projecting 

outward along the interpleopodal spaces. 

 

Microscopic Description:  

Sagittal sections of the entire shrimp were 

available for histologic review. Many thalli 

were protruding externally within the pleopo-

dal regions and consisted of cuticular perfo-

rating multinucleated basal cells that meas-

ured 20 µm in diameter and externally 

branching erect filaments that ranged from 8 

to 15 µm in diameter with numerous terminal 

zoosporangia of varying maturational stages. 

Fully sporulated zoosporangia measured up 

to 800 µm in length and 100 µm in diameter 

and consisted of numerous peripherally lo-

cated zoospores. The perforating basal cells   

 
Figure 1-1.  Presentation, shrimp. Numerous 
fine, light green to yellow, elongate to club-
shaped, up to 1 mm long structures project-
ing outward along the interpleopodal spaces 
(Photo courtesy of:  Department of Pathobio-
logical Sciences and Louisiana Animal Disease 
Diagnostic Laboratory, School of Veterinary 
Medicine, Louisiana State University, Baton 
Rouge, LA.   https://www.lsu.edu/vet-
med/laddl/; https://www.lsu.edu/vet-
med/pbs/index.php) 

were associated with a branching network of 

hyphal-like rhizoids that infiltrated the epi-

dermis and subcutis, ranged from 4 to 8 µm 

in diameter, were uninucleated and parti-

tioned, and occasionally contained granular 

material highlighted by a Grocott methena-

mine silver stain (GMS). The subcutaneous 

tissue was markedly expanded by hemo-

lymph and heavily infiltrated by predomi-

nately granulated hemocytes. Rhizoids and 

associated inflammatory infiltrates extended 

to and surrounded the ventral nerve cord and 

multifocally (but minimally) invaded the ad 
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Figure 1-2. Pleopodal region. Many thalli were 
protruding externally within the pleopodal re-
gions and consisted of cuticular perforating 
multinucleated basal cells that measured 20 
µm in diameter and externally branching erect 
filaments that ranged from 8 to 15 µm in di-
ameter with numerous terminal zoosporangia 
of varying maturational stages. (HE, 200X) 
(Photo courtesy of:  Department of Pathobio-
logical Sciences and Louisiana Animal Disease 
Diagnostic Laboratory, School of Veterinary 
Medicine, Louisiana State University, Baton 
Rouge, LA. https://www.lsu.edu/vet-
med/laddl/) 

jacent abdominal flexor musculature. All ob-

served algae forms were strongly highlighted 

by a GMS stain. Similar uninucleated and 

partitioned, short rhizoids were also circulat-

ing within the hemolymph of the ventral 

cephalothorax, hepatopancreas, and around 

the midgut. Within these areas, pooled hemo-

lymph contained numerous circulating hemo-

cytes.  

 

Contributor’s Morphologic Diagnosis: 

Interpleopodal subcuticular invasive and cir-

culating rhizoids, numerous, with external 

zoosporangia and infiltrating granulated he-

mocytes 

Contributor’s Comment: 

The external thallus portion consisting of cu-

ticular perforating basal cells, branching erect 

filaments, and terminal zoospores as well as 

subcutaneous rhizoids within the pleopod 

area are morphologically consistent with 

Cladogonium sp. Cladogonium sp. is a para-

sitic epibiotic green algae of East Asian 

freshwater shrimp. It was first described in 

Paratya improvisa in 19501, then described 

in Macrobranchium longipes in 19712, and 

since then has been well characterized in Ne-

ocaridina davidi.4,5 Cladogonium sp. is an 

important cause of epibiont-related morbidity 

and mortality in aquacultured and captive Ne-

ocaridina davidi. Classification of C. ogishi-

mae and C. kumaki sp. nov. has primarily 

been based on morphology with limited mo-

lecular characterization grouping Cladogo-

nium sp. within the order Trentepohliales alt-

hough still widely accepted as belonging to 

the order Cladophorales and family Pi-

thophoraceae.1,5 

Neocaridina davidi are freshwater dwarf 

shrimp that are native to Taiwan and are 

heavily bred for the aquatic pet trade industry 

due to their popular small size, intense color-

ation, and large diversity. The lack of readily 

available veterinary care and scientific litera-

ture on this agent has resulted in widespread 

misinformation amongst shrimp hobbyists.  

 

 
Figure 1-3. Pleopodal region. Fully sporulated 
zoosporangia measure up to 800 µm in length 
and 100 µm in diameter and consisted of nu-
merous peripherally located zoospores. (HE, 
1000X) (Photo courtesy of:  Department of 
Pathobiological Sciences and Louisiana Animal 
Disease Diagnostic Laboratory, School of Vet-
erinary Medicine, Louisiana State University, 
Baton Rouge, LA.   https://www.lsu.edu/vet-
med/laddl/) 
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Figure 1-4. Pleopodal region. Algal basal cells 
perforated the cuticle, which was thin. Many 
granulated hemocytes infiltrated the epider-
mis and subcutis. (HE, 400X) (Photo courtesy 
of:  Department of Pathobiological Sciences 
and Louisiana Animal Disease Diagnostic La-
boratory, School of Veterinary Medicine, Lou-
isiana State University, Baton Rouge, LA. 
https://www.lsu.edu/vetmed/laddl/) 

 

The common misnomer for Cladogonium sp. 

is “green shrimp fungus” and has widely 

been confused with Ellobiopsidae. Ellobiop-

sidae is a small diverse group of protists that 

are closely related to dinoflagellates and are 

primarily ectoparasites of marine pelagic 

crustaceans (krill) and freshwater copepods 

and cladocerans (water fleas).3 Other well 

recognized epibionts of Neocaridina davidi 

and their preferred anatomical location in-

clude 1) Rotifera found along the rostrum and 

antennas; 2) Stentor sp. along the rostrum 

and antennas; 3) Scutariella japonica along 

the rostrum, pleopods, and pereiopods; 4) 

Monodiscus kumaki sp. nov. along the ros-

trum, pleopods, and pereiopods; 5) Sapro-

legnia sp. along the pleopods and uropods; 6) 

Holtodrilus truncates along the rostrum, 

branchial chambers, pleopods, and pereio-

pods; and 7) Vorticella sp. along the cheli-

peds, pereiopods, pleopods, and uropods. 4,5 

Of these, Cladogonium ogishimae, Sapro-

legnia sp., and Scutariella japonica are 

known to exhibit parasitic lifestyles. 4 

Importation of Neocaridina davidi and their 

epibionts is considered the main route of 

spread.4,5 It is suspected that following rhi-

zoid colonization of the cuticular epidermis 

and subcutis along the interpleopodal region, 

basal cells perforate the cuticle and branch 

externally as erect filaments with terminal 

zoosporangia.1 Ciliated zoospores are then 

released into the environment by the mature 

zoosporangia. These contain chloroplasts, 

which impart the grossly observed green col-

oration and is evident in the advanced stage 

of infection. 6 All algal forms stain strongly 

with Grocott methenamine silver stain. Death 

is thought to be due to debilitation, poten-

tially related to involvement of the ventral 

nerve cord, molting complications, and/or 

secondary infections.1 Systemic infections, as 

was seen in this case, have not been previ-

ously described. The possibility of a systemic 

coinfection with Saprolegnia parasitica was 

considered; however, the circulating short 

rhizoid segments are morphologically identi-

cal to those within the pleopod area with 

branching, partitioning, and uninucleation 

and are morphologically distinct from Sapro-

legnia sp. filaments. 

 

 
Figure 1-5. Dorsal cephalothorax, shrimp. The 
coelomic cavity contains numerous hemo-
cytes, which are markedly distended by large, 
granular, cytoplasmic, bacterial inclusions. 
Similar bacterial inclusions are in the epider-
mis and hepatopancreatic interstitium. (HE, 
100X) 
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Diagnosis of Cladogonium sp. infections is 

largely based on observation of the character-

istic light green elongate club-shaped struc-

tures projecting outward in the pleopodal 

area, which are, again, evident in advanced 

infections as the erect filaments and imma-

ture zoosporangia largely lack chloroplasts. 

The prognosis is poor for heavily parasitized 

shrimp, which constitute the source of infec-

tion for other shrimp in the environment. 

While algaecides are effective at eliminating 

this agent by substituting copper for magne-

sium within chlorophyll, shrimp are exquis-

itely sensitive to copper toxicity and would 

be unlikely to survive treatment doses re-

quired to kill algae.1 Water quality manage-

ment, quarantining, and reduction of stressors 

such as temperature fluctuations are all im-

portant in preventing and managing out-

breaks of this disease.1 In our case, this dis-

ease manifested approximately one month af-

ter a 100% water change from tap water to 

distilled and re-mineralized water. During the 

water acclimation period, there was an am-

monia spike in the temporary holding tank, 

which may have predisposed this shrimp to 

succumb to a preexisting parasitic infection. 

Considering that there were no additions or 

other changes to the tank since acquisition of  

 

 
Figure 1-6. Coelom, shrimp: Hemocytes are 
distended up to 27 µm by granular, 
basophilic, cytoplasmic, bacterial inclusions, 
consistent with rickettsia-like organisms. (HE, 
1000X)  

the shrimp, an asymptomatic carrier state was 

suspected although could not be proved. No 

additional deaths were observed following 

prompt removal of the dead shrimp, and the 

remaining shrimps have prolifically bred un-

der stable water and temperature parameters. 

 

Contributing Institution:  

Department of Pathobiological Sciences and 

Louisiana Animal Disease Diagnostic Labor-

atory, School of Veterinary Medicine, Louisi-

ana State University, Baton Rouge, LA, USA 

https://www.lsu.edu/vetmed/laddl/ 

https://www.lsu.edu/vetmed/pbs/index.php 

 

 

JPC Diagnosis: 

1. Body as a whole: Hemocytosis, chronic, 

diffuse, severe with hemocytic and multi-

systemic cytoplasmic bacterial inclusions 

(rickettsia-like organisms) 

2. Ventral carapace: dermatitis, necrotizing, 

acute, regionally extensive, mild with in-

vasive algae 

 

JPC Comment:  

This week’s moderator was Prof. Karen Terio 

from the University of Illinois who selected 

four exotics/wildlife cases to test conference 

participants on classic entities as well as sev-

eral new ones. This first case features an 

ouotstanding, meticulously prepared sagittal 

section of a cherry shrimp. Preservation of 

major anatomic features7 such as the eye, an-

terior ganglion, antenna, gills, tail fin, and 

pleopods facilitates slide orientation and in-

terpretation of lesions. 

We enjoyed discussing the pathogenesis of 

this case. The most substantial finding for 

mortality was likely the rickettsia-like organ-

ism (RLO) infection, which resulted in nu-

merous bacterial inclusions within the cyto-

plasm of hemocytes throughout the hemo-

lymph. Other cells (particularly the epider-
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mis) also had inclusions, though less fre-

quently. Rickettsia-like organisms are pri-

mary pathogens of invertebrates and given 

the severity of inflammation, RLOs were 

likely the main cause of the decline seen in 

this case. Rickettsia are obligate intracellular 

bacteria. Infections with RLOs are widely re-

ported in crustaceans. Regardless of the crus-

tacean host, disease caused by RLOs has typ-

ical histologic findings, namely bacterial in-

clusions in hemocytes throughout the body 

and less commonly in other tissues, as seen in 

this case.  

Given the limited distribution of the algal in-

fection, participants suspected that the algal 

lesion was likely secondary to generalized 

debilitation from RLO infection, though two 

separate primary pathogenic processes are 

possible. We did not speculate on the exact 

algae involved (lacking ancillary confirma-

tion) as microhabitat and epibiont-host rela-

tionships are not entirely exact,5 though the 

shape and distribution is appropriate for 

Cladogonium.  

Finally, participants also discussed the nature 

of epibiosis. Epibiotic organisms live on the 

surface of another organism and this relation-

ship can be harmless (neutral), commensalis-

tic (both benefit), or parasitic (one benefits at 

the others expense). Such relationships have 

the potential to directly impact organismal 

coloration, health, and reproduction which all 

have significant economic impacts.5 In the 

present case, this relationship bests fits with a 

parasitic one. It is possible that entry of thalli 

(direct penetration) and previous areas of car-

apace damage both facilitated Cladosporium 

development. That the nine other conspecif-

ics of this shrimp were not affected points to 

this host-epibiont relationship being fairly 

muted (or at least tolerable), though Cladogo-

nium should still be viewed as a pathogen 

nonetheless. 
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CASE II:  

 

Signalment:  

Adult female betta fish (Betta splendens) 

 

History:  

This animal was wild-caught in Thailand and 

singly housed at the Wake Forest University 

Reynolda Campus for use in an experimental 

study evaluating differences in personality, 

behavior, and locomotion between wild and 

domestic betta fish. About 5 weeks after arri-

val from Thailand it appeared thin, but was 

observed consuming normal amounts of 

food. The animal hid in the tank and was 

found dead approximately 8 hours later. 

Three other female wild-caught betta fish in 

this cohort were also found dead. All domes-

tically purchased male and female betta fish 

and male wild-caught betta fish in this cohort 

had no clinical signs. 

 

 

 
Figure 2-1. Whole body, betta. The betta was 
emaciated, evidenced by concavity of the mid-
dle abdomen.   (Photo courtesy of Wake Forest 
Baptist Medical Center, Winston-Salem, NC 
27157) 

 

 

 
Figure 2-2.  Whole body, betta. A sagittal sec-
tion of the whole fish minus tail is submitted.  
At subgross magnification, granulomas in the 
liver, kidney and gills, as well as numerous 
cysts within skeletal muscle are evident. (HE, 
9X) 

 

Gross Pathology:  

Examined was a 0.25g female betta fish 

(Betta splendens) in emaciated body condi-

tion, evidenced by concavity of the middle 

abdomen. 

 

Microscopic Description: 

Whole body longitudinal section: Numerous 

round to oval, 40-400um diameter granulo-

mas were present in the kidneys, liver, intes-

tine, ovary and in the gill chamber. The gran-

ulomas were composed of central cores of 

brightly eosinophilic material admixed with 

karyorrhectic debris (necrosis) surrounded by 

concentric layers of epithelioid macrophages. 

Abundant acid-fast bacterial rods were pre-

sent within the cytoplasm of the macrophages 

and in the necrotic cores of the granulomas. 

The intestinal mucosa contained variably-

sized, up to 200um diameter, round micro-

sporidian xenomas. The xenomas had thin 

eosinophilic walls, contained numerous eo-

sinophilic, 2-4 um, acid-fast oval spores, and 

some had central hyperplastic host nuclei. 

Many 0.4-0.6mm diameter round cysts with 

up to 3um thick eosinophilic hyaline walls 

were present in the skeletal musculature and 

body cavity that contained cross sections of 

trematode larvae. The larvae had 5um thick  
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Figure 2-3.  Kidney, betta. Numerous well-
formed granulomas are scattered throughout 
the renal parenchyma (HE, 301X). 

 

teguments, lacked body cavities, had abun-

dant parenchymatous matrix, paired ceca, and 

prominent suckers. Some of the cysts con-

tained only clear space or degenerate cells. 

Few aggregates of macrophages with intra-

cytoplasmic brown granular pigment (mela-

nomacrophages) sat adjacent to some cysts 

and within some granulomas.  

 

Contributor’s Morphologic Diagnosis: 

1. Nephritis, hepatitis, enteritis, branchitis, 

and oophoritis, multifocal to coalescing, 

chronic, severe, granulomatous with in-

tralesional acid-fast bacteria  

2. Trematodiasis, multifocal, skeletal mus-

cle and body cavity 

3. Microsporidial xenomas, multifocal, in-

testinal mucosa 

 

Contributor’s Comment:  

Mycobacteriosis and nocardiosis are well-

recognized diseases of wild and aquacultured 

fishes in which actinomycetes cause severe 

chronic granulomatous systemic disease.4 

Mycobacteriosis is much more common in 

fish than nocardiosis, but both produce analo-

gous gross and histologic lesions.10 Bacterial 

morphology can help to differentiate these, as 

Mycobacteria spp. are non-filamentous, non-

branching while Nocardia spp. are branching 

filamentous organisms that may resemble 

Chinese letters.11 Further, the Ziehl-Neelsen 

acid-fast stain is useful for discrimination as 

Nocardia spp. stain poorly or not at all with 

this stain, and are best visualized with modi-

fied acid-fast stains, such as Fite’s modified 

acid-fast stain10. Therefore, the bacteria in 

this case were consistent with Mycobacteria 

sp. and bacterial culture or PCR could pro-

vide species-level characterization. 

Many non-tuberculous Mycobacterium spe-

cies have been reported to cause disease in 

fish, although M. marinum, M. chelonea and 

M. fortuitum are the most common isolates.6 

Transmission occurs principally through in-

gestion of either contaminated feed, organic 

debris, or infected carcasses.14 Prompt re-

moval of dead or moribund fish within a tank 

is, therefore, of the utmost importance in pre-

venting transmission. The clinical manifesta-

tions of mycobacteriosis in zebrafish are of-

ten non-specific and may include emaciation, 

lethargy, abdominomegaly, and changes in 

swimming behavior.14 In many cases fish die 

without exhibiting clinical signs.14 Chronic 

stress in zebrafish exacerbates the suscepti-

bility to mycobacteriosis and increases the 

severity of the disease.12 This likely played a 

role in this case as the fish was transported 

from a natural environment in Thailand to an 

experimental setting about 5 weeks prior to 

death. Notably, aquatic mycobacteria such as  

 

 
Figure 2-4. Kidney, betta. Numerous acid-fast 
bacterial rods are present within the granulo-
mas (Ziehl-Nielsen, 301X). (Photo courtesy of 
Wake Forest Baptist Medical Center, Win-
ston-Salem, NC 27157) 
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Figure 2-5.  Intestine, betta. Two large micro-
sporidial xenomas are present in the intesti-
nal mucosa.  A hypertrophied host nucleus is 
present within the xenoma on the left.  (HE, 
361X). 

 

M. marinum pose significant zoonotic con-

cerns including cutaneous granulomas and 

protracted illness, especially in immunocom-

promised individuals.6  

 

Microsporidia are obligate intracellular eu-

karyotic parasites that can infect a wide range 

of hosts.4 Taxonomic classification of micro-

sporidia has shifted over time, and this group 

is currently considered to be most closely re-

lated to fungi based on molecular studies4. 

Fish are hosts to over 150 species of micro-

sporidia in 14 different genera4. The genera 

can be divided according to their ability to 

form xenomas (Glugea, Tetramicra, Loma, 

Ichthyosporidium, Jirovecia, Microfilum, Mi-

crogemma and Nosemoides spp.) or not (Nu-

cleospora, Pleistophora, Heterosporis and 

Thelohania spp.). Xenomas are cyst-like 

structures composed of hypertrophied host 

cells within which reside microsporidians at 

various life stages. The infected host cell in-

creases in size due to the proliferating para-

sites and hypertrophy of the infected cell, in-

cluding the host cell nucleus as seen in this 

case. 

 

Coinfection of microsporidia with mycobac-

teria in fish is not uncommon as microspor-

idosis is more prevalent in immunosup-

pressed individuals12 and mycobacteriosis 

suppresses immunity.2 Microsporidial infes-

tation of the gastrointestinal tract when con-

fined to the intestinal mucosa is relatively in-

consequential, as was likely in this case, as 

the surrounding inflammation was minimal.3 

Two microsporidians that cause significant 

disease in laboratory-reared zebrafish are 

Pseudoloma neurophilia and Pleistophora 

hyphessobryconis.1 Infection with these can 

cause subclinical disease or overt illness and 

may impact experimental outcomes1. Exten-

sive surveillance methods and strict biosecu-

rity measures have been outlined to control or 

prevent microsporidial infection in zebrafish 

research facilities.8,13 Further, zebrafish lines 

that are specific-pathogen free for Pseu-

doloma neurophilia have been developed.7  

 

The encysted parasites were consistent with 

metacercariae, the larval form of digenetic 

trematodes.1 The life cycle of most trema-

todes involves an aquatic snail intermediate 

host, in which asexual reproduction occurs 

leading to the release of cercariae into the 

water.5 These penetrate the skin or gills of the 

fish intermediate hosts and often migrate to 

skeletal muscle for development into en-

cysted metacercariae.5 These are infective to 

definite hosts after consumption of the fish.5 

Natural infection is not associated with clini-

cal disease in zebrafish and the inflammatory 

response is usually minimal due to the para-

sitic capsule, but the presence should be 

noted as infection may impact experimental 

outcomes.1 Several species of digenean trem-

atodes have metacercarial forms, and com-

mon species in freshwater fish in Thailand in-

clude Haplorchis pumilo and Centrocestus 

formosanus.9 
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Figure 2-6.  Intestine, betta. A Ziehl-Neelsen 
stain highlights the spores within the xeno-
mas in the intestinal mucosa. (Ziehl-Nielsen, 
400X). (Photo courtesy of Wake Forest Baptist 
Medical Center, Winston-Salem, NC 27157) 

 

Contributing Institution:  

Wake Forest School of Medicine 

Department of Pathology, Section on Com-

parative Medicine 

Medical Center Boulevard, Winston-Salem, 

NC 27157 

www.wakehealth.edu 

 

JPC Diagnosis: 

1. Liver, heart, anterior kidney, posterior 

kidney, coelom, ovary: Granulomatous 

hepatitis, myocarditis, coelomitis, oopho-

ritis, and nephritis, chronic, multifocal, 

severe 

2. Skeletal muscle and coelom: Granulomas, 

multiple with encysted metazoans 

3. Intestines: Microsporidial xenomas, mul-

tiple 

 

JPC Comment:  

This second case showcases several classic 

fish entities while offering some additional 

points for consideration. We agreed with the 

contributor that the multifocal granulomatous 

inflammation best represented mycobacteria, 

though we did note small numbers of fila-

mentous, slender bacteria on Fite-Faraco that 

could reflect Nocardia spp. that could be dif-

ferentiated via PCR or culture. Within af-

fected tissues, the presence of pigmented 

macrophages (melanomacrophages) likely re-

flects sequestration of iron which is a host 

defense mechanism against mycobacteria. 

Although termed “melanomacrophages” in 

many texts, recent studies have demonstrated 

that these macrophages contain multiple pig-

ments, to include iron and melanin, and may 

be more appropriately termed “pigmented 

macrophages.”  

The microsporidial xenomas within the intes-

tine were characteristic and easy to identify 

in this case. Although H&E was sufficient to 

make the diagnosis, acid-fast stains also 

sharply outlined spores within affected enter-

ocytes. With the Fite-Faraco stain, morphol-

ogy was helpful to not confuse a xenoma  

 

 
Figure 2-7.  Skeletal muscle, betta. Numerous 
metacercariae are present within the skeletal 
muscle.   (HE, 400X). (Photo courtesy of Wake 
Forest Baptist Medical Center, Winston-Sa-
lem, NC 27157) 
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with adjacent mycobacterial foci given the 

overlapping distribution of these lesions and 

staining characteristics. Conference partici-

pants also reviewed the anticipated features 

of non-xenoma forming microsporidial infec-

tions which characteristically have wider dis-

tribution of spores and associated inflamma-

tory cells instead. 

The metazoan parasites of this case gave con-

ference participants pause. The encysted met-

azoans within skeletal muscle resemble meta-

cercaria, though the metazoans within the 

coelom appear morphologically distinct and 

contain 10um round amphophilic to baso-

philic bodies (possible calcareous corpus-

cles), consistent with a larval cestode (i.e. a 

plerocercoid). Tapeworms are a common 

finding in both free ranging and cultured 

fish,15 opening up the possibility that this 

case is in fact a ‘four-fer’. 
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CASE III:  

Signalment:  

11-year-old, female cockatiel (Nimphicus 

hollandicus). 

 

History:  

This cockatiel was first obtained by the  
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Figure 3-1. Spinal column, cockatiel. Numer-
ous sections from all levels of the spinal col-
umn, including spinal cord and surrounding 
vertebral bodies consisting of pneumatic or 
hematopoietic bone are submitted for exami-
nation. (HE, 8X) 

 

owner in September 2019, approximately 5 

months prior to euthanasia.  Initial veterinary 

consultation was sought with the complaint 

of frequent trembling and shaking. Diagnos-

tic evaluation was initially declined, except 

for Chlamydophila testing pursued at a dif-

ferent clinic (unspecified), which was re-

ported as negative. At subsequent presenta-

tion to the submitting veterinarian, the bird 

was thin (66 g) could barely perch, and 

seemed painful, with wings drooped forward. 

On manipulation, the wings were stiff and 

could not be returned to normal anatomical 

resting position. Euthanasia was elected. 

 

Gross Pathology: 

Examined is the body of a female, 11-month-

old, 60 g, Cockatiel with a body condition 

score of 2 out of 5 (North Carolina Zoo Keel 

Score) and moderate autolysis.   No signifi-

cant lesions were noted.   

 

Microscopic Description:  

Examined are ten cross-sections of spinal 

column.  Throughout all sections of the spi-

nal cord, including cervical, thoracic, lumbar, 

and sacral regions, virtually all neurons 

within the gray matter and in the dorsal root 

ganglia contain large, intracytoplasmic, la-

mellar to globular, 5-35 µm in diameter, ba-

sophilic to eosinophilic structures.  These in-

tracytoplasmic structures often have a cen-

tral, finely granular, pale center (Lafora bod-

ies).  Consistently surrounding the structures 

is a 2-5 µm wide band of finely granular, am-

phophilic cytoplasm (peripheral lysed axo-

plasm).  Affecting approximately 20% of the 

axial muscles, muscle fibers are shrunken in 

multifocal random areas.  Affected fibers 

have hypereosinophilic sarcoplasm with 

poorly defined cross striations and enlarged 

nuclei with open chromatin.  

Period acid-Schiff staining with and without 

diastase applied to formalin-fixed, decalcified 

(formalin/formic acid solution), paraffin-em-

bedded spinal column tissue highlights in-

tensely PAS-positive, 5-35 µm intraneuronal 

cytoplasmic inclusions which are resistant to 

diastase digestion. 

Staining of the same tissue using Luxol fast 

blue with cresyl violet and Acian blue 

(pH2.5) reveals bright violet and deep blue 

staining of the described inclusions, respec-

tively. 

 

 
Figure 3-2. Spinal cord, cockatiel. There are 
numerous 10-30um deeply basophilic intra-
cytoplasmic inclusions within neurons (which 
obviously results in the grey matter being dis-
proportionately affected) (HE, 8X) 
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Contributor’s Morphologic Diagnosis:  

Spinal cord: Numerous polyglucosan bodies 

consistent with Lafora disease 

 

Contributor’s Comment:  

Lafora disease (neuronal glycoproteinosis) is 

a rare condition variably characterized by 

myoclonus, ataxia, weakness, behavioral ab-

normalities, and seizures in affected ani-

mals.1,3-6,9,10 These clinical signs result from 

abnormal carbohydrate metabolism and accu-

mulation within the perikaryon, dendrites, 

and axons of neurons as well as freely in the 

neuroparenchyma of both central and periph-

eral nervous tissue.2 Inclusion bodies can also 

be found in other organ systems including 

skeletal and cardiac muscle, skin, and liver. 

In this case, inclusions were present in the 

cerebrum, spinal cord, dorsal root ganglia, 

perirenal ganglia, and myenteric ganglia. 

These inclusion bodies, also called Lafora 

bodies, are spherical, basophilic, 5-35 µm,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PAS-positive and diastase-resistant, and also 

display staining with Cresyl violet, Alcian 

blue pH 2.5, Bests carmine, methenamine sil-

ver, and Weils (6). Lafora bodies are com-

posed of polyglucosan, an abnormal form of 

glycogen with low numbers of branches and 

very long glucose chains.8 On electron mi-

croscopy, Lafora bodies are composed of ra-

diating, branched filaments surrounding a 

dense central core.9  

Disease associated with Lafora body accumu-

lation has been described in humans, dogs, 

cockatiels, cattle, a fox, a cat, and a flying 

fox,1,3-6,8,9 with associated genetic mutations 

identified in humans, miniature wirehaired 

dachshunds, a basset hound, and beagles.4,7 

In humans, Lafora disease is a fatal autoso-

mal-recessive condition resulting from loss of 

function sequence variations in the genes 

EPM2A (encodeing laforin) or NHLRC1 (also 

EMP2B, encodes malin),4 encoding glycogen 

synthesis regulators laforin and malin, and  

Figure 3-3.  Spinal cord, cockatiel. Grey matter neurons contain numerous amphophilic to baso-

philic lamellated intracytoplasmic polyglucosan (Lafora) bodies. (HE, 381X) 
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the latter of which has also been implicated 

in dogs with a massive expansion of a 12 bp 

repeat in the gene.4.7 

 

Contributing Institution:  

Cornell University College of Veterinary 

Medicine, Department of Biomedical Sci-

ences, Section of Anatomic Pathology 

https://www.vet.cornell.edu/departments/bio-

medical-sciences/section-anatomic-pathology 

 

JPC Diagnosis: 

1. Spinal cord, spinal nerves, dorsal root 

ganglion: Intracytoplasmic polyglucosan 

(Lafora) bodies, numerous, with mild 

spongiosis 

2. Spinal muscles: Atrophy, multifocal, mild 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

JPC Comment:   

We have seen Lafora disease several times in 

conference, to include in an ox (WSC 2017-

2018, Conference 17, Case 4) and in multiple 

dogs (WSC 2021-2022, Conference 7, Case 

3; WSC 2012-2013, Conference 22, Case 4). 

The present case in a bird is interesting, 

though as the contributor notes this condition 

has previously been described in a cockatiel.1 

There is also a recent case report in a toucan 

from Brazil with features that mirror this 

case.11  

Inclusion bodies were numerous across the 

provided sections of spinal cord and spinal 

nerves and stained readily with PAS, Alcian 

blue, and Luxol fast blue. We considered 

whether these inclusions might also be simi-

larly present within skeletal muscle given 

that select myocytes also contain ampho-

philic globoid material. However, these myo-

cyte inclusions did not reliably stain with 

PAS or Alcian blue (or at all with LFB), so  

Figure 3-4. Dorsal root ganglion, cockatiel. Neurons in the dorsal root ganglion also contain promi-

nent intracytoplasmic polyglucosan bodies. 
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we were unable to confirm this impression. 

As these stains are non-specific, it is possible 

that inclusions in myocytes may represent an 

entirely different material. 

We added a separate morphologic diagnosis 

of muscular (neurogenic) atrophy that corre-

sponds to the decreased body condition and 

inability of this animal to perch. This is best 

observed from subgross as shrunken, con-

densed myofibers. Additionally, there is also 

medullary bone (i.e., endostosis) present 

which is a normal/expected finding for a ma-

ture female bird. This amphophilic to baso-

philic bone is deposited on the outer aspects 

of the medullary trabeculae and represents a 

dynamic calcium depot for the egg-laying cy-

cle. Medullary bone has also been described 

as a premonitory sign of testicular neoplasms 

in male birds.12 

 

 

 
Figure 3-5. Spinal nerve, cockatiel. Rare poly-
glucosan bodies are present in spinal nerves. 
(HE, 1446X) 

 

 

 

 

 

 

 

 
Figure 3-6. Spinal cord and dorsal root gan-
glia. Polyglucosan bodies stain strongly posi-
tive on periodic acid-Schiff preparations. 
(PAS, 100X) 
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CASE IV:  

 

Signalment:  

Juvenile, male, Megaptera novaeangliae, 

humpback whale. 

 

History: 

A juvenile male humpback whale, measuring 

11 meters in length, was found stranded alive 

in the coast of southern Brazil. Due to its de-

teriorated health and unsuccessful attempts to 

return the animal to the ocean over two days, 

it was euthanized.   

 

Gross Pathology:  

At necropsy, the humpback whale was in 

poor body condition. Multiple marine crusta-

ceans (Thoracica sp.) were adhered to the 

skin in the submandibular and ventral neck  

 
Figure 4-1. Cerebrum, humpback whale. One 
section of telencephalon is submitted for ex-
amination.  (HE, 6X) 

 

region. Upon internal examination, signifi-

cant changes were noted in the liver. The he-

patic capsula appeared opaque and whitish. 

The right hepatic lobe was moderately re-

duced in size and with multifocal and ele-

vated areas, which upon sectioning corre-

sponded to biliary ducts with thickened walls 

and dilated lumen. The lumen was filled with 

bile and with numerous trematodes measur-

ing 1.5-4 cm in length, 0.3-0.4 cm in width, 

with flattened and leaf-shaped morphology, 

containing oral and ventral suckers. Morpho-

logical and molecular characterization classi-

fied these parasites as Brachycladium goli-

ath. Inside the renal veins, a high number of 

nematodes of up to 30 cm in length, morpho-

logically compatible with Crassicauda sp., 

were observed. Additional macroscopical 

findings included the multiple accessory 

spleens measuring from 1.5 to 5 cm in diame-

ter. Furthermore, the small intestine showed 

multifocal to coalescent areas of hemorrhages 

(petechias and ecchymosis) and the mucosa 

was markedly red with cestodes measuring 

approximately 80 cm in length in the intesti-

nal lumen. The gross examination of remain-

ing organs was unremarkable.  

 

Laboratory Results: 

RT-Nested-PCR: positive for cetacean mor-

billivirus (CeMV). 
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Figure 4-2. Cerebrum, humpback whale. Mul-
tifocally, there are prominent cuffs of inflam-
matory cells within Virchow-Robins spaces as 
well as gliosis and rarefaction of the adjacent 
neuropil.  (HE, 50X) 

 

Immunohistochemistry (IHC): IHC anti-Mor-

billivirus (anti-canine distemper virus, mono-

clonal) revealed moderate cytoplasmic im-

munolabelling in astrocytes, neuronal cell 

bodies, and axons). 

 

Microscopic Description:  

Brain: in the telencephalic cortex, mainly in 

the grey matter, there is marked and multifo-

cal inflammatory infiltration of lymphocytes 

and plasma cells surrounding blood vessels 

(perivascular cuffings), frequently extending 

into the adjacent neuropil where moderate 

vacuolization is also frequent. Additionally, 

there are multifocal areas of moderate gliosis. 

Mild to moderate neuropil rarefaction (mala-

cia) is evident in some areas, where there is 

neuronal necrosis, characterized by neurons 

with hypereosinophilic and retracted cyto-

plasm and absent or pyknotic nucleus. Mod-

erate infiltration of Gitter cells and occa-

sional axonal spheroids is also present. Occa-

sional intracytoplasmic and intranuclear eo-

sinophilic inclusion bodies are seen in neu-

rons within affected areas. Similar lesions are 

also present in the brainstem and white mat-

ter of the cerebellum (slides not submitted).  

Contributor’s Morphologic Diagnosis:  

Brain: encephalitis, lymphoplasmocitic, mul-

tifocal, marked, subacute, with mild and mul-

tifocal malacia, Gitter cell inflammatory in-

filtration, neuronal necrosis and occasional 

intracytoplasmic and intranuclear eosino-

philic inclusion bodies. 

 

Contributor’s Comment:  

Viruses from the genus Morbillivirus belong 

to the family Paramyxoviridae and order Mo-

nonegavirales. These are pleomorphic but 

frequently spherical, approximately 150 nm 

in diameter, RNA viruses with a nonseg-

mented and single-stranded linear genome.11 

Morbilliviruses can affect different species of 

mammals, including humans. The measles vi-

rus (MeV) is a human pathogenic morbilli-

virus that causes measles, a disease with high 

rates of morbidity and significant childhood 

mortality. Rinderpest, also known as “cattle 

plague”, the peste des petits ruminants, and 

canine distemper are other notable diseases 

caused by morbilliviruses in mammals.16 

 

 
Figure 4-3. Cerebrum, humpback whale. 
Higher magnification of the inflammatory 
changes in the cerebral cortex (HE, 450X) 
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Morbillivirus infections resulting in massive 

strandings have been reported in aquatic 

mammals in recent decades.3 The first de-

scription occurred in pinnipeds during 1988 

and 1989 in northwest Europe, where nearly 

18,000 harbor seals (Phoca vitulina) and hun-

dreds of grey seals (Halichoerus grypus) died 

due to the infection by a morbillivirus identi-

fied as Phocine Distemper Virus (PDV).7,9 

Meanwhile, in cetaceans, the first report of a 

morbillivirus infection was described in six 

harbor porpoises (Phocoena phocoena) in 

Ireland in late 1988. This infection was re-

lated to the Porpoise Morbillivirus (PMV), a 

strain from the Cetacean Morbillivirus 

(CeMV). A couple of years later, infections 

by this virus were reported in harbor por-

poises from various countries across Eu-

rope.9,17 Since then, many strains of CeMV 

have been recorded causing stranding and 

deaths in odontocetes. However, reports in 

mysticetes are rare and include few cases in 

fin whales (Balaenoptera physalus)8 and 

more recently, in two humpback whales in 

Brazil.1  

 

Morbilliviruses are known to be lympho-

tropic and epitheliotropic, and studies have 

indicated that the pathogenesis associated to 

the CeMV infection resembles what is com-

monly seen in other morbillivirus infections 

in animals and humans.10 When infected by 

CeMV, cetaceans can develop a marked in-

terstitial pneumonia and/or non-suppurative 

encephalitis. Animals that survive this acute 

stage may acquire opportunistic infections 

due to the immunosuppression caused by the 

virus. Some animals may still have lesions of 

meningoencephalitis associated with demye-

lination. However, animals that clear out the 

systemic infection may develop a neurologi-

cal disease with lesions restricted to the 

brain. In these cases, the virus is detected 

only in the CNS, and cytoplasmic or nuclear 

eosinophilic inclusion bodies are occasion-

ally found in neurons, and astrocytes.3 In a  

 
Figure 4-4. Cerebrum, humpback whale. An 
intranuclear eosinophilic inclusion body (ar-
row) is seen in a neuron. (HE, 400X) (Photo 
courtesy of:  Faculdade de Veterinária, 
Universidade Federal do Rio Grande do Sul, 
http://www.ufrgs.br/patologia) 

 

similar way, in humans with measles, the 

MeV infection can lead to encephalitis with 

inclusion bodies, particularly in immunosup-

pressed individuals, or to panencephalitis in 

persistently infected children.5 Neurological 

involvement is common in carnivore morbil-

liviruses, as in the canine distemper, which 

can affect not only domestic dogs, but a 

broad range of domestic and wild carni-

vores.4 In dogs, a strong immune response 

typically clears the canine distemper virus 

(CDV) from the tissues, resulting in fully re-

covery. On the other hand, with a weak im-

mune response, the virus can penetrate epi-

thelial tissues and the CNS, leading to clini-

cal signs that typically appear around 20 days 

post-infection.17 Neurologic signs can also 

develop later, due to a demyelination induced 

by the CDV.14 

 

In this humpback whale, no macroscopic 

changes were seen during the evaluation of 

the encephalon, corroborating to previous 

studies on morbillivirus infections affecting 

the CNS of other species, such as dogs, in 

which neurological involvement is frequent.15 

On histological examination, CeMV infection 
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in cetaceans resembles the lesions described 

in humans and animals infected by morbilli-

viruses, primarily characterized by multiple 

mononuclear perivascular cuffings, micro-

gliosis, neuronophagia and demyelination in 

the cerebral cortex. The white matter may 

also show areas of malacia. Intracytoplasmic 

and/or intranuclear eosinophilic inclusions 

bodies are frequently seen.6 Furthermore, 

when IHC anti-Morbillivirus is applied, a 

marked immunolabelling in neurons, axons, 

and dendrites, as well as in astrocytes and mi-

croglial cells is described in cetaceans.6  This 

is similar to what has been reported in dogs 

infected by CDV.15 In the humpback whale 

from the present case, immunolabeling was 

evident in astrocytes and neurons from the 

telencephalon, cerebellum and brainstem, 

corroborating the aforementioned studies.  

 

Differential diagnoses for mononuclear me-

ningoencephalitis in cetaceans are limited, 

but they include infections caused by herpes-

virus13 and flaviviruses such as the West Nile 

Virus.12 However, the Cetacean Morbillivirus 

remains as the most common cause of viral 

meningoencephalitis in cetaceans.  

 

Contributing Institution: 

Faculdade de Veterinária 

Universidade Federal do Rio Grande do Sul 

Setor de Patologia Veterinária 

http://www.ufrgs.br/patologia 

 

JPC Diagnosis: 

Cerebrum: Meningoencephalitis, lympho-

plasmacytic and necrotizing, chronic, diffuse, 

moderate, with neuronal necrosis, Gitter 

cells, and rare intracytoplasmic and intranu-

clear viral inclusions.    

 

 
Figure 4-5. Cerebrum, humpback whale. An 
eosinophilic inclusion body (arrow) is evident 
in the cytoplasm of a neuron (HE, 400X) 
(Photo courtesy of:  Faculdade de Veterinária, 
Universidade Federal do Rio Grande do Sul, 
http://www.ufrgs.br/patologia) 

 

JPC Comment:   

The final case of this conference is a (rarely 

seen) well-preserved whale brain. Dr. Terio 

noted that the brain condition in this case is 

very good – that this animal was euthanized 

and immediately necropsied is helpful for ap-

preciating the microscopic features that the 

contributor nicely captures. Difficulty in ac-

cessing the brain (especially in a stranding 

event) combined with carcass deterioration 

typically confound examination in wild 

whales. 

Microscopic features of this case mirrored 

morbillivirus infection in other species. Peri-

vascular cuffing, gliosis (glial nodules), and 

neuronal necrosis were readily apparent, 

though viral inclusions within the cytoplasm 

and nucleus were rare which Dr. Terio con-

firmed is usually the case in the brain. Inclu-

sions may be more prominent within bronchi-

olar epithelium in animals with respiratory 

changes. Viral syncytial cells were also infre-

quent in our section, though they too are typi-

cally more prominent in other tissues. This 

can be a helpful ancillary finding in cases 

with marked lymphoid depletion and autoly-

sis as syncytial cells may still be discernable. 
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Figure 4-6. Cerebrum, humpback whale. 
Marked immunolabelling is seen in the cyto-
plasm of neurons and astrocytes in the IHC 
(anti-Morbillivirus , 400X) (HE, 400X) (Photo 
courtesy of: Faculdade de Veterinária, 
Universidade Federal do Rio Grande do Sul, 
http://www.ufrgs.br/patologia) 

 

Conference participants discussed potential 

comorbidities in cetacean morbillivirus cases. 

Coinfection with Brucella (e.g. B. ceti) also 

causes neuropathology18 and may be aided by 

concurrent lymphoid depletion arising from 

CeMV infection. Joint infection is another 

common sequalae of Brucella. Microscopi-

cally, there is marked infiltration of the me-

ninges by lymphocytes; in acute cases, bacte-

ria and neutrophils may be appreciated in Dr. 

Terio’s experience. Fungal infections are also 

abetted by lymphoid depletion, though there 

were no characteristic features in this case 

and we did not pursue any special stains. 
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CASE I:   

 

Signalment:  

9-month-old female Sprague Dawley rat 

(Rattus norvegicus), SRG genotype (Rag2 & 

IL-2Rγ knockout)  

 

History: 

This rat was part of a cancer implantation 

study using a novel cell line. Cancer cells 

were implanted around 3-months-old but 

failed to grow. The rat was monitored for de-

layed growth for an additional 6 months until 

its presentation to clinical staff. Weekly mon-

itoring of this rat identified a drop in weight 

which persisted over a 3 week span despite 

clinical interventions, and the rat was ulti-

mately euthanized.  

 

Gross Pathology:  

The urinary bladder was markedly distended 

by large amounts of red-tinged fluid, with 

blood-clots both suspended and adherent to 

the mucosal surface. The mucosal surface 

was red and roughened. Transmurally the 

bladder wall was red to black, and this 

change extended distally through the trigone 

and throughout the length of the urethra. At 

the distal end of the urethra, just proximal to 

the external genitalia were two large (3-5mm 

diameter), round, smooth, hard calculi 

(stones) occluding the lumen of the urethra. 

The stones were embedded within the mu-

cosa and did not excise easily. Both ureters 

were distended with fluid (hydroureter). Both 

kidneys were moderately pale tan and had  

 
Figure 1-1. Urinary bladder, rat. The urinary 
bladder was markedly distended by large 
amounts of red-tinged fluid. (Photo courtesy 
of:  University of Michigan, Unit for Laboratory 
Animal Medicine, Pathology Core, https://an-
imalcare.umich.edu/busines s-services/ulam-
pathology-core/) 

 

 

mildly bosselated subcapsular surfaces. There 

was mild to moderate dilation of the renal 

pelvis of both kidneys (hydronephrosis). 

From the renal pelvis, extending proximally 

through the renal papilla, medulla, and cortex 

is an irregular, friable, focal region of pallor.  
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Figure 1-2. Urinary bladder, rat. Two 3-5mm 
diameter, calculi are embedded in the urethral 
mucosa and occlude the lumen. (Photo cour-
tesy of:  University of Michigan, Unit for Labor-
atory Animal Medicine, Pathology Core, 
https://animalcare.umich .edu/business-ser-
vices/ulam-pathology-core/) 

 

Laboratory Results: 

Bacteria Culture & Sensitivity: Tissue (kid-

ney) 

• Staphylococcus xylosus - Numerous 

• Enterobacter cloacae complex - Few 

 

Pneumocystis spp. Polymerase chain reaction 

(PCR): Tissue (lung)  

• Negative 

 

Microscopic Description:  

Cytology (DifQuick):  

Urine – Cytological preps of urine collected 

during necropsy showed large numbers of vi-

able and degenerate neutrophils, streaming 

cellular debris, large numbers of bacterial 

cocci, and crystals. Bacteria are occasionally 

observed within neutrophils. Crystals are col-

orless and rhomboid (presumed struvite).   

 

Histology (H&E): 

Kidney - Extending from the renal pelvis into 

the medulla is a regionally extensive area of 

necrosis and marked suppurative inflamma-

tion with large numbers of cocci bacteria ad-

mixed throughout the cellular debris and neu-

trophils (pyelonephritis). The renal paren-

chyma in the vicinity of this lesion is charac-

terized by interstitial edema, tubular degener-

ation and necrosis, with tubule lumina often 

containing eosinophilic proteinaceous fluid, 

neutrophils, cellular debris, and clusters of 

bacteria.  

In addition to the pyelonephritis described 

above, there is mild bosselation of the capsu-

lar surface of the renal cortex. The cortical 

and medullary interstitium is expanded by 

extensive fibrosis with low numbers of mixed 

mononuclear inflammatory cells. Interstitial 

fibrosis often replaces tubular profiles. Re-

maining tubules frequently have markedly di-

lated lumens which range from empty to vari-

ably filled with eosinophilic proteinaceous 

fluid, fibrillar hyaline casts, or deeply baso-

philic granular material (mineralization). 

Tubular epithelial cells range from flattened /  

 

 
Figure 1-3. Urinary bladder, rat. Urine cytology 
shows large numbers of viable and degener-
ate neutrophils, streaming cellular debris, 
large numbers of bacterial cocci, and crystals. 
Crystals are colorless and rhomboid (pre-
sumed struvite) (Photo courtesy of:  University 
of Michigan, Unit for Laboratory Animal Med-
icine, Pathology Core, https://animal-
care.umich.edu/business-services/ulam-pa-
thology-core/) 
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attenuated (atrophy) to swollen and vacuo-

lated (degeneration) or are brightly eosino-

philic, faded (lysis), and/or sloughed (necro-

sis). Glomeruli are frequently affected by one 

or more of the following changes: Dilation of 

the urinary space, marked global fibrosis of 

glomerular tufts (glomerulosclerosis), obso-

lescence of glomerular tufts, adherence of 

tufts to Bowman’s capsule (synechiae), thick-

ening of Bowman’s capsule basement mem-

brane. 

 

Contributor’s Morphologic Diagnosis: 

1. Kidney: Pyelonephritis, severe, acute, 

necro-suppurative, with intralesional 

cocci bacteria (Gram positive) 

2. Kidney: Nephropathy, chronic, severe, 

with multifocal global glomerulosclero-

sis, periglomerular to interstitial fibrosis, 

tubular degeneration/necrosis with ectasia 

and proteinosis, and mild interstitial lym-

phohistiocytic nephritis (Chronic Progres-

sive Nephropathy) 

 

 
Figure 1-4. Urinary bladder, rat. There is an 
area of necrosis extending from the renal pel-
vis to the cortex. (Photo courtesy of:  Univer-
sity of Michigan, Unit for Laboratory Animal 
Medicine, Pathology Core, https://animal-
care.umich.edu/business-services/ulam-pa-
thology-core/) 

 

 
Figure 1-5. Urinary bladder, rat. Two sections 
of kidney are submitted for examination. Sub-
gross lesions include tubular ectasia and inter-
stitial fibrosis characteristic of chronic pro-
gressive nephropathy. The renal pelvis is 
mildly dilated and contains abundant cellular 
infiltrate. (HE, 8X) 

 

Contributor’s Comment: 

This case highlights the importance of using 

a range of diagnostic techniques—including 

cytology, special stains, and culture—along-

side standard necropsy and histology to fully 

understand pathological processes. It serves 

as a valuable reminder to students to utilize 

all available tools rather than relying too 

heavily on one method. The gross identifica-

tion of pyelonephritis and uroliths led to cy-

tological identification of crystalluria con-

sistent with struvite (triple phosphate/magne-

sium phosphate) crystals, which suggests the 

presence of urease producing bacteria. Com-

mon urease-producing bacteria associated 

with struvite crystalluria include: Proteus 

spp. (gram-negative bacillus), Klebsiella spp. 

(gram-negative bacillus), Mycoplasma spp. 

(gram-equivocal, pleomorphic), Corynebac-

terium urealyticum (gram-positive bacillus), 

and Staphylococcus spp. (gram-positive 

cocci). Histological evaluation and Gram 

staining highlighted clusters of gram-positive 

cocci, suggesting Staphylococcus spp. as the 

most likely agent from our differential list of 

urease-producing bacteria. Lastly, bacterial  
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Figure 1-6. Urinary bladder, rat. There is ne-
crosis of the renal papilla with extension into 
the overlying cortex. (HE, 88X) 

 

cultures confirmed Staphylococcus (specifi-

cally S. xylosus) as the gram-positive cocci 

bacteria observed. 

In laboratory mice and rats, pyelonephritis is 

most commonly caused by ascending infec-

tions from commensal or gastrointestinal bac-

teria.3 Urolithiasis is generally considered un-

common, but in cases of pyelonephritis be-

comes more common when the bacterial cul-

prit is one of those mentioned previously 

(urease-producing). Staphylococcus xylosus, 

isolated in this case, is both a common com-

mensal organism of rodents and is urease-

producing.3,5,7  

Opportunistic infections from commensal or-

ganisms such as S. xylosus are likely exacer-

bated by immunodeficiencies/modulation. In 

the case of laboratory animals, cystitis and 

urolithiasis related to S. xylosus has been de-

scribed in nude mice7 and severe dermatitis 

has been described in Rag2 / IL-2Rγ knock-

out strains of mice1 which are the same genes 

knocked out in the SRG strain rat utilized in 

this study.  

The second morphological diagnosis pro-

posed in this case is consistent with Chronic 

Progressive Nephropathy (CPN). This condi-

tion is one of the most well-described lesions 

in laboratory rats.3,5 In particular, CPN is ex-

ceptionally common in Sprague-Dawley and 

Fischer 344 strains, with many rats develop-

ing clinically significant changes by 8-10 

months old, and some developing histologic 

changes as early as 2-3 months.5 While CPN 

is generally thought of as a spontaneous or 

age related disease, it has been recognized 

that high-protein diets worsen the disease se-

verity.3,5 Despite some persistent ambiguities 

in the pathogenesis of the condition, any resi-

dent or pathologist working in laboratory set-

tings quickly becomes familiar with CPN and 

the spectrum of lesions it presents with, mak-

ing it both a “classic” lesion as well as a 

practically relevant one. 

 

Contributing Institution:  

University of Michigan, Unit for Laboratory 

Animal Medicine, Pathology Core 

https://animalcare.umich.edu/business-ser-

vices/ulam-pathology-core/ 

 

 

 
Figure 1-7. Urinary bladder, rat. Neutrophils 
and bacterial colonies ascend along renal tu-
bules. (HE, 88X) 
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JPC Diagnosis: 

1. Kidney: Tubular degeneration, necrosis, 

and regeneration, diffuse, moderate, with 

chronic interstitial lymphoplasmacytic 

nephritis. 

2. Kidney: Pyelonephritis, necrotizing and 

suppurative, subacute, multifocal to coa-

lescing, marked, with intratubular cocci, 

and mild hydronephrosis. 

 

JPC Comment:  

This week’s moderator was Dr. Enrico Ra-

daelli from the University of Pennsylvania’s 

Comparative Pathology Core who led confer-

ence participants through a laboratory ani-

mal-centric conference with a few surprises. 

This first case is a succinct presentation with 

gross images and cytology that reinforce key 

slide interpretation. In particular, the history 

of urolithiasis and hydronephrosis is helpful 

in appreciating the irregular shape of the re-

nal pelvis (especially in longitudinal section) 

and regional papillary necrosis which are dis-

cernable from the gross image. Gram-posi-

tive cocci are also numerous and consistent 

with the immunosuppressed state of this ani-

mal. We felt that pyelonephritis was the pri-

mary lesion in this case overall. 

There was healthy debate among the group 

on our morphologic diagnosis. As the con-

tributor notes, CPN is a common background 

lesion that inevitably encompasses changes at 

all levels of the nephron. We agree that these 

changes are present in this rat, though the se-

verity was moderate for us compared with 

other conference cases we have reviewed 

(see Conference 23, Case 3, WSC 2012-2013 

among others). We ran a Masson’s trichrome 

stain which highlighted the multifocal and ir-

regular distribution of fibrosis which aligns 

with the limited degree of capsular/contour 

change in this case as well. The rat in this  

 
Figure 1-8. Urinary bladder, rat. A Gram stain 
demonstrates numerous gram-positive cocci 
within the renal pelvis. (Photo courtesy of:  
University of Michigan, Unit for Laboratory 
Animal Medicine, Pathology Core, https://an-
imalcare.umich.edu/business-services/ulam-
pathology-core/) 

 

case was only nine months old at the time of 

euthanasia – for a comparison of CPN in a 2-

year-old (24 months) rat and additional back-

ground literature, see Conference 12, Case 3, 

WSC 2019-2020. 

Finally, Rag2 and IL-2Rγ warrant a brief dis-

cussion of their role in immunity. The com-

mon gamma chain (IL-2Rγ; γc) of the IL-2 

receptor is a conserved and important compo-

nent in intracellular signaling for multiple cy-

tokines, including IL-2, IL-4, IL-7, IL-9, and 

IL-21.2,4  Once ligands are bound to these re-

ceptors, γc forms a heterodimer and recruits 

Janus kinase 3 (JAK3) to further propagate 

these signals via STAT and induce changes 

in gene expression. These cytokines are vital 

for mature lymphoid cell proliferation (IL-2), 

T-helper type 2 responses (IL-4), early lym-

phoid/hematopoietic progenitor cell develop-

ment (IL-7, IL-9), and natural killer cell de-

velopment (IL-15, IL-21).2,4 As such, knock-

out or mutation of IL-2Rγ (such as in X-
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linked SCID) results in significant impair-

ment of NK, T-, and B-cells.6 Conversely, 

Rag2 forms one half (with RAG1) of a V(D)J 

recombinase that is essential for recombina-

tion of immunoglobulin and T-cell receptor 

variable regions that are needed for develop-

ment of functional T- and B-lymphocytes.6 

Defects in Rag2 are also associated with 

marked immunodeficiency. The combination 

of Rag2 and IL-2Rγ defects is a substantial 

and additive deficit of both innate and adap-

tive immunity. 
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CASE II:  

 

Signalment:  

An adult female Sprague Dawley rat (Rattus 

norvegicus)  

 

History:  

Patient presented with a multilobulated, firm 

facial mass on the left maxilla. Fine needle 

aspirate not consistent with abscessation or 

inflammation.  

 

Gross Pathology:  

The subcutis at the base of the left pinna is 

expanded by a firm, bilobed mass. The upper 

lobe is spherical and measures 2 cm along the 

widest axis; the lower lobe is spherical and 

measures 1 cm along the widest axis.  On cut 

surface, the mass is well circumscribed, has a 

fibrous capsule, and centrally contains copi-

ous amounts of friable, tan to pink material. 

The central material often displays a laminar 

appearance.   

 

Microscopic Description: 

Haired skin: Examined are two sections of 

haired skin containing the grossly reported 

mass, skeletal muscle, and dermal adnexa. 

The mass is an expansile, well demarcated, 

and variable cellular neoplasm composed of 

well differentiated squamous epithelium ar-

ranged in trabeculae, islands, and papillary 

projections supported by pre-existing fibro-

vascular stroma. The neoplastic cells often 

exhibit sebaceous differentiation, with the  
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mass centrally displaying squamous differen-

tiation leading to abrupt keratinization orga-

nized into lamellated keratin and keratin 

pearls. The neoplastic cells have distinct cell 

borders, moderate to abundant finely vacuo-

lated, eosinophilic cytoplasm, and round to 

ovoid nuclei containing finely stippled chro-

matin with one to two prominent nucleoli. 

Anisokaryosis and anisokaryosis are mild. 

Nine mitotic figures are observed in 10 HPF 

(2.37mm2). Few aggregates of lymphocytes, 

plasma cells, eosinophils, and neutrophils in-

filtrate the dermis adjacent to the mass. Apo-

crine glands adjacent to the mass are moder-

ately dilated and contain scant, pale eosino-

philic, acellular material.  

 

Contributor’s Morphologic Diagnosis: 

Zymbal’s gland: Adenoma 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Contributor’s Comment:  

Histologic evaluation of the mass is con-

sistent with a Zymbal’s gland tumor due to 

cellular morphology (specifically sebaceous 

differentiation of neoplastic cells) and ana-

tomic location. An adenoma is diagnosed 

based on the lack of invasion into the under-

lying stroma. Zymbal’s gland adenomas arise 

from Zymbal’s holocrine glands at the base 

of the external ear.1,2 These tumors often ex-

hibit vacuolated cytoplasm, well differenti-

ated squamous epithelium, and robust kerat-

inization which are features in this case as 

well.1,2   

Differentiation between an adenoma and a 

carcinoma of the Zymbal’s gland can be 

achieved based on histomorphology and 

growth patterns.1 Diagnostic features associ- 

 

Figure 2-1. Zymbal’s gland, rat. Two sections of Zymbal’s gland are submitted for examination.  

There is marked proliferation of the squamous epithelium with large lamellae of keratin extending 

into the lumen. 
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ated with adenomas include well-differenti-

ated neoplastic cells, lobulated structure, a 

mixture of both basaloid and mature seba-

ceous cells, cystic areas, and lack of nuclear 

atypia.2 Diagnostic features associated with 

carcinomas include ulceration, irregular ac-

ini, papillary projections into cystic cavities, 

frequent mitoses, and increased cellular pleo-

morphism.2 Differential diagnoses for an ade-

noma include glandular hyperplasia or a 

well-differentiated carcinoma while those for 

a carcinoma include an adenoma (for well-

differentiated carcinomas) or squamous pap-

illoma.2  

 

Zymbal’s glands are mostly observed and de-

scribed in rats, however the structure is also 

present in mice.2 Zymbal’s gland typically 

measures approximately 3 to 5 mm in diame-

ter, and is composed of three to four lobules.2 

While spontaneous tumors are uncommon, 

Zymbal’s gland tumors are one of the most  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

common tumor types in chemical associated 

carcinogenesis studies in laboratory ro-

dents.3,4,5 Specifically, Zymbal’s gland tu-

mors have been shown to be inducible by 

mutagenic compound 2-amino-3methylimid-

azo[4,5-5]quinoline among other chemical 

mutagens.5 

 

Contributing Institution:  

North Carolina State University College of 

Veterinary Medicine Department of Popula-

tion Health and Pathobiology 

https://cvm.ncsu.edu/php/  

 

JPC Diagnosis: 

Zymbal’s gland: Adenoma 

 

 

Figure 2-2. Zymbal’s gland, rat. Higher magnification of the wall of the tumor with proliferating 

sebocytes, and more centripetally, proliferating squamous epithelium with layers of lamellated 

keratin and ghost cells. 
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JPC Comment:  

This second case is a WSC classic with ele-

ments such as the parotid salivary gland, au-

ricular cartilage, and cheek muscle aiding in 

tissue identification. Conference participants 

discussed differential diagnoses including 

papilloma and keratoacanthoma due to the 

abundant keratin in section. As the contribu-

tor notes, sebaceous differentiation of neo-

plastic cells is a key feature to distinguish a 

Zymbal’s gland tumor. Likewise, serial sec-

tions of this neoplasm might appear widely 

different (more or less sebaceous cells pre-

sent) given the heterogenous distribution of 

these cells. We agree with the contributor 

that this neoplasm is an adenoma given the 

lack of invasion and bland cellular features. 

We attribute the presence of mixed inflam-

matory cells and edema to the inflammatory 

stimulus of abundant keratin. Dr. Radaelli 

emphasized that Zymbal’s gland tumors re-

semble clitoral and preputial gland neoplasms 

given the cell of origin, though the support-

ing architecture is different.2 
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CASE III:  

Signalment:  

1-year-old male intact standard fancy rat 

(Rattus norvegicus domestica) 

 

History:  

Submitted for necropsy is the body of a 1-

year-old male intact pet rat adopted from a 

rescue a few months prior, with a reported 

history of waxing and waning nodular facial 

swelling located under the right eye, followed 

by diffuse facial swelling. This progressed to 

upper respiratory signs that resolved with en-

rofloxacin. The facial swelling was treated 

with a course of prednisolone and meloxi-

cam. After a period of treatment, the signs 

worsened, characterized by a new eruption of 

multiple firm nodules near the nasal angle of 

the eyes and over the snout with increased 

respiratory distress. After 48h of increased 

respiratory rate and effort along with diffi-

culty swallowing, the patient was euthanized 

due to poor prognosis.  

 

Gross Pathology: 

The lungs are entirely replaced, severely de-

formed, and expanded by over three dozen 

variably sized, up to 3.8 x 2.4 x 1.8 cm, mul-

tifocal to coalescing spherical, tan masses, 

rendering a bosselated appearance to the pa-

renchyma, in particular of the right lung. On 

cut section, the masses extend deep within 

the parenchyma and exude abundant thick, 

opaque, light-yellow to white, malodorous 

pasty material (suppurative pneumonia with  
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Figure 3-1. Lungs, rat. The lungs have a 
bosselated appearance, the right lung in par-
ticular. (Photo courtesy of:  Cornell University 
College of Veterinary Medicine – Animal 
Health Diagnostic Center, Department of Bio-
medical Science, Section of Anatomic Pathol-
ogy; https://www.vet. cornell.edu/animal-
health-diagnostic-center) 

 

bronchiectasis). Additionally, the pleura 

firmly adheres multifocally to the diaphragm 

and thoracic wall, and the heart is obscured 

by a pale pink mass of suppurative material 

and fibrosis (pericardial abscess). 

 

Laboratory Results: 

Bacterial culture was performed of the lungs, 

which isolated both Mycoplasma sp. and Ro-

dentibacter pneumotropicus. Further specia-

tion of Mycoplasma sp. was not conducted. 

Exclusion of Filobacterium rodentium was 

initially desired; unfortunately, the specific 

type of culture medium for this agent was not 

available at the testing facility. 

 

Microscopic Description:  

Lung: Up to 85% of the parenchyma in the 

submitted sections is effaced and replaced by 

variable numbers of well-delineated, coalesc-

ing spherical nodules arising within severely 

ectatic pre-existing bronchi (bronchiectasis), 

and enclosed in a thick fibrous capsule stip-

pled with admixed lymphocytes, plasma 

cells, and macrophages, along with scattered 

stout congested capillaries. These nodules are 

mostly composed of central, compact amor-

phous eosinophilic material, vaguely im-

printed with leukocytic debris, and rimmed 

by abundant degenerate neutrophils. The 

bronchial epithelium lining the areas of bron-

chiectasis is circumferentially replaced by an 

up to 10 cells-thick, keratinizing stratified 

squamous epithelium (squamous metaplasia). 

Covering this epithelium and projecting to-

wards the lumen are mats of up to 18.0um-

long and 1.0um thick, faintly amphophilic to 

eosinophilic filamentous bacteria. 

Remnant alveoli within the surrounding pa-

renchyma are compressed, distorted and 

completely filled with degenerate neutro-

phils, lymphocytes, plasma cells and foamy 

macrophages, embedded within variable 

quantities of light eosinophilic, proteinaceous 

fluid (pulmonary edema). The alveolar lining 

is extensively replaced by a continuous single 

cell-thick, low-cuboidal epithelium (pneumo-

cytes type II hyperplasia). When appreciable, 

bronchial glands are prominent, mildly dis-

torted and hyperplastic. Variably throughout 

the sections, bronchioles and bronchi are se-

verely cuffed by abundant admixed lympho-

cytes and plasma cells, equally encircling in-

frequently thrombosed pulmonary arterioles.  

Two additional stains, modified Steiner and 

Gram, were applied to a section of lung. The 

modified Steiner highlighted a thick mat of 

up to 18.0 μm-long, free filamentous argy-

rophilic bacteria corresponding to the organ-

isms appreciated on hematoxylin eosin, dis-

posed perpendicularly to the metaplastic 

bronchial epithelium. Thousands of identical 

free bacteria were distributed throughout the 

suppurative material filling the ectatic bron-

chi.  

The Gram stain highlighted similar Gram-

negative, filamentous bacteria throughout the  
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Figure 3-2. Lungs, rat. The lungs are expanded 
by over three dozen tan masses ranging up to 
up to 4cm, multifocal to coalescing spherical, 
tan masses. (Photo courtesy of:  Cornell Uni-
versity College of Veterinary Medicine – Ani-
mal Health Diagnostic Center, Department of 
Biomedical Science, Section of Anatomic Pa-
thology; https://www.vet.cornell.edu/ani-
mal-health-diagnostic-center) 

 

sections, covering the metaplastic bronchial 

epithelium and interspersed with sparsely 

scattered Gram-negative, 0.3 μm-long cocco-

bacilli. Clusters of approximately 0.2 μm in 

diameter, Gram-positive coccobacilli were 

additionally dispersed throughout the suppu-

rative material. 

 

Contributor’s Morphologic Diagnosis:  

Lung: Severe, multifocal to coalescing, 

chronic suppurative bronchopneumonia with 

bronchiectasis and myriad intralesional fila-

mentous bacteria, lymphoplasmacytic 

peribronchiolitis and perivasculitis, squa-

mous metaplasia of airways epithelium, glan-

dular hyperplasia, type II pneumocyte hyper-

plasia, thrombosis and edema 

 

 

Contributor’s Comment:  

Grossly, this case was unusually extensive 

with regards to the diffuse bilateral involve-

ment of the pulmonary parenchyma, although 

the lesions remained more severe within the 

right lung, consistent with the classic unilat-

eral, cranio-ventral lesional distribution com-

monly encountered with Mycoplasma pul-

monis. 

Isolation of Mycoplasma sp. together with 

bronchiectasis allowed for a diagnosis of mu-

rine respiratory mycoplasmosis, also termed 

chronic respiratory disease (CRD). CRD is 

usually considered subsequent to the com-

bined action of Mycoplasma pulmonis and 

other respiratory pathogens such as Filobac-

terium rodentium (formerly known as CAR 

bacillus),4 viral pathogens such as Sendai vi-

rus and rat coronavirus, and/or environmental 

causes such as high levels of ammonia.1,3 

 

Mycoplasma pulmonis is directly deleterious 

to the respiratory epithelium, and is consid-

ered the only clinically relevant species of 

Mycoplasma in rodents.1,3 Transmission oc-

curs vertically or via aerosols, although the 

latter has experimentally proven fairly ineffi-

cient.1,8 Colonization of the respiratory tract 

by Mycoplasma sp. results in ciliostasis and 

loss of cilia, subsequently reducing the effi-

cacy of the mucociliary escalator, and caus- 

 

 
Figure 3-3.  Lung, rat. Bronchioles are diffusely 
ectatic and filled with eosinophilic cellular 
exudate.  Adjacent alveoli are compressed. 
(HE, 381X)  
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ing mucus and inflammatory exudate accu-

mulation within the airways. Ultimately, the 

ongoing buildup of lysozyme-rich inflamma-

tory material culminates in permanent dam-

age and dilatation of airways, resulting in 

bronchiectasis.1,3 Both Mycoplasma microor-

ganisms and host cell membrane fragments 

nonspecifically stimulate B-cell mitosis, and 

the resulting florid peribronchiolar lympho-

cytic infiltration is a salient histological fea-

ture of CRD in rats.1 Other respiratory mani-

festations of mycoplasmosis in rats include 

rhinitis and lymphoplasmacytic tracheitis.1,8 

 

Given the tropism of M. pulmonis for ciliated 

epithelia, colonization and consequent in-

flammation of non-respiratory tissues, includ-

ing the middle ear, endometrium and syno-

vium, may also occur.1,3 M. pulmonis is usu-

ally not evident on hematoxylin eosin sec-

tions, and requires ancillary tests such as cul-

ture or PCR for confirmation.  

 

Additionally in this rat, the myriad ampho-

philic to light basophilic filamentous bacteria 

appreciated lining the inside of ectatic bron-

chi were considered compatible with Filo-

bacterium rodentium, formerly known as 

Cilia-Associated Respiratory (CAR) bacil-

lus.4 F. rodentium is mostly transmitted by 

close contact during the neonatal period, and 

most strains of laboratory rats have been 

shown uniformly susceptible to disease.1,3 

While M. pulmonis and F. rodentium co-in-

fection is frequent, both may individually 

cause illness and result in similar clinical dis-

ease and histological lesions.1,3,8  

 

Histologically, F. rodentium is best high-

lighted using silver stains (such as Warthin-

Starry), and characteristically forms mats of 

filamentous bacteria colonizing the respira-

tory airways, interspersed with cilia and ori-

ented in a relatively perpendicular fashion to 

the epithelium.1 F.rodentium has been iso-

lated from the respiratory epithelium of other  

 
Figure 3-4.  Lung, rat. Bronchiolar wall, with 
necrotic luminal exudate (left), a rim of viable 
neutrophils and fewer macrophages (center), 
and a fibrotic wall (right). 

 

species than rat, including mice, rabbits, cat-

tle, goats and pigs, and a recent report sug-

gests that a particular strain of Filobacterium 

sp. could be associated with chronic bronchi-

tis in cats.1,5 

 

In the present case, these argyrophilic bacte-

ria were emphasized using modified Steiner’s 

stain, which additionally revealed a signifi-

cant number of those microorganisms within 

the suppurative material filling the airways. 

On Gram stain, the organisms appeared 

faintly Gram-negative. As mentioned in the 

above laboratory results section, confirmation 

by culture was unavailable as F.rodentium re-

quires specific growth media,1,7 and this re-

mains presumptive based on the combined 

histomorphological features, staining charac-

teristics, and common reported co-involve-

ment of M. pulmonis and F.rodentium in 

CRD.  

 

Large numbers of Rodentibacter pneumo-

tropicus were additionally isolated via lung 

culture. Formerly known as Pasteurella 

pneumotropica,2 this Gram-negative, 0.5 to 

1.2 μm-long rod to coccobacillus is a resident 

bacterium of the respiratory flora in rats,1,3 

and was thus considered an opportunistic co-

infectious agent in the present case. Although 

not isolated on culture, clusters of Gram-pos-

itive bacteria were histologically appreciated;  
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Figure 3-5.  Lung, rat. Cilia are basophilic due 
to numerous intertwined filamentous bacilli.      
(Photo courtesy of:  Cornell University College 
of Veterinary Medicine – Animal Health Diag-
nostic Center, Department of Biomedical Sci-
ence, Section of Anatomic Pathology; 
https://www.vet.cornell.edu /animal-health-
diagnostic-center) (HE, 400X) 

 

Gram-positive organisms involved in respira-

tory disease and inducing formation of ab-

scesses in rats include Streptococcus pneu-

moniae and Corynebacterium kutscherii, the 

latter capable of causing cutaneous ab-

scesses.1,3  

 

Additional findings, not present in the sub-

mitted slides, include the presence of nema-

tode parasites within the renal pelvis, consid-

ered consistent with Trichosomoides crassi-

cauda, a roundworm that commonly invades 

the murine urinary tract in individuals housed 

in poor hygienic conditions.6 About five deep 

subcutaneous abscesses were additionally 

noted throughout the skin of the muzzle, with 

no identifiable intralesional bacteria. This 

was considered most probably consecutive to 

dissemination from the lungs in a relatively 

immunocompromised animal, given the ab-

sence of florid lymphoid hyperplasia in the 

present case, usually expected with Myco-

plasma sp. infection.  

 

Contributing Institution:  

Cornell University College of Veterinary 

Medicine – Animal Health Diagnostic Cen-

ter, Department of Biomedical Science, Sec-

tion of Anatomic Pathology 

https://www.vet.cornell.edu/animal-health-di-

agnostic-center 

 

JPC Diagnosis: 

Lung: Bronchopneumonia, suppurative, 

chronic, diffuse, severe, with bronchiectasis, 

fibrosis, and cilia-associated bacilli and lu-

minal colonies of coccobacilli. 

 

 
Figure 3-6. Lung, rats. A sliver stain demon-
strates masts of filamentous bacilli within the 
cilia of the airway-epithelium.  (Photo cour-
tesy of:  Cornell University College of Veteri-
nary Medicine – Animal Health Diagnostic 
Center, Department of Biomedical Science, 
Section of Anatomic Pathology; 
https://www.vet.cornell.edu/ animal-health-
diagnostic-center) (Steiner’s, 400X) 
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JPC Comment:   

The third case of this conference has a terrific 

macropscopic-microscopic correlation.. We 

confirm the contributor’s interpretation of 

abundant argyrophilic filamentous bacteria 

with both Warthin-Starry and methenamine 

silver highlighting organisms within ectatic 

bronchioles well. We also noted a mixed 

population of bacteria on our Gram stain con-

sistent with secondary opportunistic infection 

following ciliostasis initiated by Myco-

plasma. Although subtle, there is also a 

change in appearance of ciliated epithelium 

with replacement of the normal eosinophilic 

hue towards a basophilic appearance of the 

cilia. Although non-specific, this is corrobo-

rating evidence of ‘something added’ such as 

Mycoplasma, Bordetella, or Filobacterium 

and can be seen even in sloughed epithelium. 

Although not stated by the contributor, we 

suspect that this animal likely had concurrent 

Mycoplasma in the ear to explain the facial 

signs observed. 

Conference participants also discussed the 

presence of “oat cells” (ruptured leukocytes 

with streaming nuclear contents) which were 

a significant feature of this case. Oat cells 

have been described secondary to leukotox-

ins, a type of repeats in toxin (RTX) which is 

an important virulence factor for several bac-

terial pathogens including Mannheimia, Pas-

teurella, and Bordetella among others.11 Leu-

kotoxins can enhance both recruitment and 

killing of leukocytes which confers an ad-

vantage in both hampering the host immune 

response and extracting cellular resources for 

future growth. Rodentibacter pneumotropicus 

(formerly Pasteurella pneumotropica) is a 

potential source of RTX toxin in this case,10 

given the gram-negative coccobacilli we 

noted in section. Interestingly, lysis of leuko-

cytes may be a double-edged sword, as extru-

sion of nuclear chromatin also enhances NE-

Tosis and may entrap and kill a portion of the 

bacteria concurrently.9 
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CASE IV:  

 

Signalment:  

9-week-old, female, human-peripheral blood 

mononuclear cell (huPBMC)-engrafted-NOD 

scid gamma (NSG) mouse (Mus musculus) 

 

History: 

Female, human peripheral blood mononu-

clear cell (hPBMC)-engrafted NOD scid 

gamma (NSG) mouse purchased from an ap-

proved vendor, was submitted from an exper-

imental cohort of mice experiencing similar 

clinical course of disease. One week after ar-

rival, this cohort underwent experimental in-

jection of MDA-MB-231 human breast can-

cer cells into the subcutis of the left flank (tu-

mor xenograft model). In the 2 weeks follow-

ing injection, the cohort demonstrated signifi-

cant weight loss (3-5g), poor tumor engraft-

ment, and unexpectedly high mortality. This 

mouse was euthanized and submitted for  

 
Figure 4-1.  Lungs, scid mouse. There is dif-
fuse atelectasis of the lungs. (HE, 6X) 

 

post-mortem examination as a representative 

animal. 

 

Gross Pathology:  

The mouse weighed 16.15g and was in thin 

body condition (1.5/5 BCS); expected body 

weight for a female 9-week-old NSG mouse 

is 23.3 +/- 1.6g. There was diffuse pallor of 

the tail, ears and mucous membranes, and 

marked depletion of subcutaneous and vis-

ceral adipose. Scant white fascia-like tissue 

was noted at the tumor injection site, without 

evident tumor growth. The liver weighed 

0.99 g (6.1% BW), was tan, and had rounded 

edges and a subtly irregular surface. 

 

Microscopic Description:  

All lung lobes demonstrate multifocal to coa-

lescing consolidation and atelectasis with in-

terstitial and alveolar septal thickening by 

mononuclear inflammatory cells and plump 

spindle cells (fibroplasia). Alveoli are multi-

focally lined by a continuous layer of plump, 

cuboidal to polygonal, epithelial cells (type II 

pneumocyte hyperplasia). There are dense 

perivascular and peribronchiolar lymphocytic 

cuffs up to 15 cells thick that contain low to 

moderate numbers of mitotic figures and  
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apoptotic bodies. Lymphocyte nuclei are sub-

jectively slightly larger than expected (in 

mice).  

Esophageal mucosa has multifocal vacuolar 

degeneration and scattered apoptosis involv-

ing basal epithelial cells, and an underlying 

cell-rich band of lymphocytic inflammation 

with fewer macrophages and scattered neu-

trophils along the basement membrane inter-

face. Lymphocytic and neutrophilic inflam-

mation extends transmurally, with severe 

mononuclear infiltration and aggregation in 

the tunica muscularis. Associated changes in 

skeletal muscle fibers include: 1) rounded 

myofibers with pale sarcoplasm lacking 

cross-striations and internalization of nuclei 

(degeneration), 2) shrunken and rounded my-

ofibers with small hyperchromatic nuclei (at-

rophy), or 3) effacement and replacement of 

myofibers by lymphocytic inflammation 

(myofiber loss). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Immunohistochemistry: 

Immunohistochemistry confirmed that peri-

vascular and peribronchiolar cuffs in the lung 

and interface inflammation in the esophagus 

are primarily CD3+ cells (consistent with T 

lymphocytes), with low to moderate numbers 

of Iba-1+ leukocytes (interpreted as macro-

phages).  

 

Contributor’s Morphologic Diagnosis:  

Lung:  

Inflammation, perivascular to peribronchiolar 

to interstitial, lymphoproliferative and histio-

cytic, chronic and active, severe, with inter-

stitial lung injury, chronic atelectasis, and 

type II pneumocyte hyperplasia 

 

Esophagus:  

Mucosa, basal epithelial cell vacuolization 

and apoptosis 

Figure 4-2. Lung, scid mouse. Diffusely, alveolar septa are hypercellular and expanded by hypertro-

phy of septal macrophages, circulating neutrophils, mild edema, and type II pneumocyte hyper-

plasia. (HE, 733X) 
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Esophagitis, ‘interface’, lymphocytic with 

fewer neutrophils and macrophages, multifo-

cal to coalescing, severe, with marked sub-

mucosal and muscularis lymphocytic infiltra-

tion, and myofiber degeneration, atrophy and 

loss. 

 

Condition: 

Xenogeneic Graft versus Host Disease 

(GvHD) 

 

Contributor’s Comment:  

Dense multiorgan infiltration by large lym-

phocytes with associated epithelial degenera-

tion/apoptosis and a 1) a lichenoid interface 

pattern in skin, mucous membranes and 

esophagus, 2) a perivascular distribution in 

lung, salivary gland, and pancreas, and 3) a 

portal distribution in the liver are consistent  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

with Graft-versus-Host Disease 

(GvHD).10,11,14 

GvHD is a life-threatening, systemic inflam-

matory condition mediated by alloreactive 

transplanted donor lymphocytes that recog-

nize antigenic disparities between donor 

(graft) and recipient (host) tissues leading to 

a cell-mediated adaptive immune response. 

The principle (but not exclusive) antigens 

driving GvHD are differences in Major His-

tocompatibility Complex (MHC) class I and 

II expression between donor and recipient tis-

sues, as these molecules can be highly poly-

morphic between individuals.8 MHC class I 

molecules are expressed on the cell surface of 

all nucleated cells, whereas MHC class II ex-

pression is largely limited to antigen present-

ing cells such as macrophages, dendritic 

cells, and B lymphocytes. A major compo-

nent of T cell maturation in the thymus is the 

process of central tolerance where immature, 

self-reactive T cells are removed to prevent  

Figure 4-3. Lung, scid mouse. There are cuffs of large lymphocytes and histocytes around blood ves-

sels throughout all lung lobes. (HE, 733X) 
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auto-immunity. However, in the setting of 

hematopoietic stem cell transplantation, the 

transferred immunocompetent donor T cells 

recognize host alloantigens as foreign, result-

ing in immune activation and targeting of 

host tissue.3,8 The primary effector cells are 

donor CD8+ T lymphocytes and Natural 

Killer cells that recognize host MHC I mole-

cules and induce direct cytotoxicity in these 

cells. Alloreactive CD4+ T cells also contrib-

ute via recognition of MHC class II molecule 

differences and secretion of pro-inflamma-

tory cytokines that induce further immune ac-

tivation and tissue damage.3,8  

 

NSG mice are an extremely immunodeficient 

mouse model that lack natural killer cells, B 

lymphocytes and T lymphocytes.5,12 Due to 

the lack of a functional adaptive immune sys-

tem, these mice can be engrafted with hu-

man-derived tissues including hematopoietic  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

stem cells, cell culture lines, and patient-de-

rived xenografts.  

 

Human peripheral blood mononuclear cell 

(hPBMC) NSG mice have become an im-

portant model in the study of GvHD, which is 

a major clinical problem in human hemato-

poietic stem cell recipients.4,12 hPBMC NSG 

mice are considered an improved model of 

xenogenic GvHD compared to NOD/SCID 

and RAG2null / IL2rγnull recipients due to 

their earlier onset of symptoms, more pro-

nounced weight loss, and earlier mortality.4 

Consequently, GvHD development is ex-

pected in hPBMC NSG, resulting in a short-

ened lifespan of approximately 3-4 months. 

The disease course in this case was more 

rapid than experienced previously by the sub-

mitting lab. 

 

Notably, human T cells are able to recognize 

murine xeno-antigens presented by murine  

Figure 4-4. Esophagus, scid mouse. There are aggregates of lymphocytes and histiocytes within the 

lamina propria, which occasionally migrate into the deep layers of the mucosa. There are occa-

sional apoptotic mucosal epithelial cells. (HE, 615X) 
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MHC class I and II molecules, and onset of 

GvHD is dependent on host expression of 

MHC.2,7 hPBMC NSG MHC I/II Double 

Knockout mouse models demonstrate de-

layed onset of xenogeneic-GvHD relative to 

hPBMC NSG mice, and thereby may be 

more suitable for immuno-oncology studies 

and/or long-term studies requiring human T 

cell engraftment.1,9  

 

The two major subdivisions of GvHD are 

acute versus chronic GvHD, which are de-

fined by their clinicopathologic features not 

solely the time after transplantation.3,13 Acute  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GvHD typically has rapid onset and is char-

acterized by multiorgan lymphocytic, histio-

cytic, and neutrophilic inflammation with as-

sociated tissue destruction and epithelial 

apoptosis; the most commonly affected or-

gans include the skin, gastrointestinal tract, 

and liver. In contrast, the hallmark of chronic 

GvHD is fibrotic/sclerotic lesions with varia-

ble leukocyte infiltration and can be observed 

in almost any organ.13 While chronic GvHD 

classically develops >100 days post-trans-

plantation in patients that have previously de-

veloped acute GvHD, it can also develop de 

novo or simultaneously with acute  
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Figure 4-5. Skeletal muscle, scid mouse. Low 
to moderate number of lymphocyte and histi-
ocytes infiltrate beneath the epimysium and 
within the perimysium of skeletal muscle. 
(HE, 197X) 

 

GvHD.3,6,13 An abbreviated summary of the 

histologic criteria for acute and chronic 

GvHD and a comparison to features support-

ive of a diagnosis of xenogeneic GvHD in 

this case are included in Table 1. 

 

Onset and progression of GvHD in this ‘hu-

manized’ mouse was likely further acceler-

ated and exacerbated by the additional injec-

tion of non-matched, human-derived tumor 

cells. Failure of tumor engraftment in these 

mice is also consistent with a hu-PBMC-de-

rived immune response against the tumor.9 

Given that the entire cohort of mice appeared 

affected, it is also possible these hPBMCs 

were unusually reactive resulting in acceler-

ated onset of GvHD. 

 

Expected lung changes in GvHD are charac-

terized by intrabronchiolar T cells, apoptosis, 

and perivenulitis, which can progress acutely 

to respiratory distress and death, or to con-

strictive bronchiolitis obliterans (CBO) in 

chronic GvHD.11,14 Fibrosis was not promi-

nent in these lung sections, which is at-

tributed to the relatively short course of dis-

ease. Lung changes are more extensive than 

in similar cases here, and may suggest a role 

for opportunistic infection as a contributor to 

mortality in this cohort (e.g., Chlamydia spp. 

infection). Mycoplasma pulmonis and Filo-

bacterium rodentium are excluded from ro-

dent areas at this site. As bacteria were not 

identified with Gram stain and the clinical 

concern resolved after that cohort, further di-

agnostics were not pursued. 

 

Contributing Institution: 

Johns Hopkins University, School of Medi-

cine  

Department of Molecular and Comparative 

Pathobiology  

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

 

JPC Diagnosis: 

1. Lung: Pneumonia, interstitial and lym-

phohistiocytic, subacute, diffuse, marked, 

with perivascular and peribronchiolar 

lymphoid proliferation. 

2. Esophagus: Esophagitis, interface and 

lymphocytic, subacute, multifocal, mod-

erate. 

3. Skeletal muscle: Myositis, lymphocytic, 

subacute, multifocal, moderate.  

4. Thyroid gland: Thyroiditis, lymphocytic, 

subacute, multifocal, mild. 

5. Adipose tissue: Steatitis, lymphocytic, 

subacute, multifocal, mild. 

 

JPC Comment:   

The final case of this conference provided a 

healthy challenge for participants, with the 

knowledge of hematopoietic stem cell in-

volvement in this humanized mouse being es-

sential for understanding the underlying path-

ogenesis that the contributor nicely summa-

rizes. We opted for multiple morphologic di-

agnoses to capture the distribution of inflam-

matory cells, though the underlying changes 

were similar across the lung, esophagus, skel-

etal muscle, thyroid, and adjacent adipose tis-

sue. We did note a very mild acidophilic 

macrophage pneumonia in this mouse, 

though this is a non-specific finding and 
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likely follows from the marked inflammation 

of the lung. 

The contributor IHC results help to describe 

the distribution of inflammatory cells in this 

case. With the assistance of Dr. Radaelli, we 

further characterized these cells with the aid 

of a mouse-specific CD86 (B7; marker of an-

tigen presenting cell), CD4/CD8 (T-cell 

markers), and CD79 (B-cell). CD86-positive 

cells were widely distributed in tissue while 

B-cells were sparse in the lung with none in 

esophagus or muscle. CD4+ T-helper cells 

were present in moderate numbers in the 

lung, muscle, and esophagus while CD8+ cy-

totoxic T-cells were notable in the lung, 

esophagus, and the thyroid with the latter not 

being as obvious on the H&E section. One 

limitation is that we did not have a human 

macrophage marker available (e.g. CD45) to 

fully demonstrate the xenogeneic attack in-

herent in this case however. 

Finally,  Dr. Radaelli discussed humanized 

mice as well as several of the undesired con-

sequences of this exploratory model during 

his pre-conference lecture which we abridge 

here.9 Humanized mice are interspecies chi-

meras that offer a potential avenue to explore 

tumor oncogenic signatures (biomarkers), test 

therapeutic interventions, and assess relative 

toxicity therein through a stable line that sup-

ports continued/stable tumor growth. Because 

these mice are severely immunosuppressed 

and bathed in a veritable shower of cytokines 

to enhance human hematopoietic stem cell 

line proliferation, there is also the possibility 

of myeloid cell hyperactivation,15 excessive 

lymphoproliferation, and even oncogenic ac-

tivation of latent viruses (e.g. Epstein-Barr 

virus) in human tissue grafts.16 Opportunistic 

infection, as seen in Case 1 of this confer-

ence, is yet another consideration. While the 

potential benefits of this model are signifi-

cant, pathologists also play an important role 

in advocating for the welfare of these mice 

and identifying issues or limitations of a 

given mouse type.17 
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CASE I:   
 
Signalment:  
Late-term aborted, female lamb from lowland 
sheep (Ovis aries). 
 
History:  
Eight aborted lambs from six abortions were 
submitted for necropsy. Twenty-two late-term 
abortions had occurred in a group of 230 low-
land ewe lambs (1-year-old) over an 8-day pe-
riod. The ewe lambs were due to start lambing 
approximately 1 week later. Twin pregnancies 
had been particularly affected and occasion-
ally one twin was born alive and survived. The 
ewe lambs had been kept outdoors on grass 
only, with no access to silage or concentrates, 
appeared in good body condition and had been 
vaccinated against toxoplasmosis and ovine  

 
 

 
campylobacteriosis, but not against ovine en-
zootic abortion (syn. enzootic abortion of 
ewes (EAE)). 
 
Gross Pathology:  
Six out of the eight submitted aborted lambs 
were received with all or part of their placen-
tas. Three placentas were grossly unremarka-
ble. In the other three placentas, there was a 
focally extensive area of moderately thick-
ened, non-translucent, slightly dry and brown 
intercotyledonary tissue and similarly dry and 
brown cotyledons. Large adjacent areas were 
moderately edematous with injected blood 
vessels. The aborted lambs were well-pre-
served with no evidence of maceration or 
mummification. Some aborted lambs had 
small amounts of serosanguinous fluid in the 
abdominal cavity and occasional subcutane-
ous or perirenal bruising. 

 
Laboratory Results:  
Laboratory testing was carried out on four of 
the six abortions. Culture of fetal stomach 
contents from three cases revealed a very 
heavy pure growth of hemolytic Gram-posi-
tive rods that were identified as Listeria iva-
novii. Enriched culture was negative for Cam-
pylobacter spp. Placental smears stained with 
modified Ziehl-Neelsen were negative for 
Brucella spp., Chlamydia spp. and Coxiella  

 
Placenta, sheep: There is a focally extensive area of mod-
erately thickened, non-translucent, slightly dry and 
brown intercotyledonary tissue and similarly dry and 
brown cotyledons (Photo courtesy of:  Department of 
Pathobiology and Population Sciences, Royal Veterinary 
College, Hawkshead Lane, North Mymms, Hertford-
shire, United Kingdom, AL9 7TA. The website address is 
www.rvc.ac.uk) 
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Placenta, sheep: Sections of cotyledon and intercoty-
lendonary placenta are submitted for examination.  (HE, 
6X) 

 

spp. PCR for Toxoplasma gondii and border 
disease virus were both negative. 

Microscopic Description:  
Chorioallantois, cotyledons and intercotyledo-
nary tissue: The cotyledons and intercotyledo-
nary tissue are extensively necrotic, expanded 
by edema and multifocal fibrin deposits and 
infiltrated by high numbers of viable and de-
generate neutrophils, fewer macrophages and 
several prominent colonies of short, Gram-
positive, rod-shaped bacteria (bacilli), meas-
uring 0.5–2 μm in length (Figure 2). Multifo-
cally, there are degenerate and necrotic troph-
oblasts, some of which contain intracytoplas-
mic Gram-positive bacilli. Several blood ves-
sel walls, mainly arteries, contain intraluminal 
fibrin thrombi and the blood vessel walls are 
moderately to markedly infiltrated and ex-
panded by high numbers of viable and degen-
erate neutrophils and fibrin. 
 
Contributor’s Morphologic Diagnosis:  
Chorioallantois, cotyledons and intercotyledo-
nary tissue; acute, focally extensive, marked, 
necro-suppurative placentitis with large num-
bers of intralesional Gram-positive bacilli and 
multifocal, marked, necrotizing and neutro-
philic vasculitis with acute intraluminal fibrin 
thrombi 

 
 

Contributor’s Comment: 
The microscopic findings in the chorioallan-
tois and the pure growth of Listeria ivanovii 
from fetal stomach contents support this abor-
tion outbreak to be the result of listerial infec-
tion. 

L. ivanovii, formerly known as L. monocyto-
genes, serotype 5 8  is a recognized cause of 
ovine,1,6,9 caprine5 and bovine3 abortions, but 
rarely causes other conditions. It appears to be 
especially pathogenic for sheep but is less 
commonly isolated than L. monocytogenes.7   

The most common lesions in abortions caused 
by L. monocytogenes are necro-suppurative 
cotyledonary and intercotyledonary placenti-
tis, autolysis of aborted fetuses, miliary foci of 
necrosis in the liver and spleen, and marked 
necrotizing enteritis,4,7 whereas less is known 
about typical lesions in abortions caused by L. 
ivanovii. 

The present case had necro-suppurative pla-
centitis and fibrino-suppurative vasculitis, 
which has not been previously described in 
cases of ovine abortions due to L. ivanovii,1,6,9 
but has been described in a case of caprine 
abortion. 5 Interestingly, only rare, microscop-
ically evident, necrotic foci in the liver were 
identified in this case, even though grossly ap-
parent necrotic hepatitis is commonly de-
scribed in ovine and bovine abortions due to  

 
Placenta, sheep: There is diffuse coagulative and lytic 
necrosis of the cotyledon.  (HE, 33X) 
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Placenta, sheep: There are innumerable bacteria within 
the necrotic cotyledon.  (HE, 608X) 

 

L. monocytogenes 7 and also in previous cases 
of ovine abortions due to L. ivanovii.1,6,9 Also, 
the lungs had moderate neutrophilic broncho-
pneumonia which was likely the result of in-
haled amniotic fluid with admixed listerial 
bacteria. Similarly, bronchopneumonia has 
been described in an ovine,6 caprine5 and bo-
vine3 abortion case caused by L. ivanovii. 

In abortion outbreaks caused by L. monocyto-
genes, infection most often spreads by inges-
tion of food or water contaminated by feces, 
urine, placenta or vaginal discharge from af-
fected ewes. Also, consumption of contami-
nated poor-quality silage is a well-known and 
important source of infection with L. mono-
cytogenes.7 Previously reported ovine abor-

tion outbreaks caused by L. ivanovii often co-
incided with periods of cold and wet 

weather1,6,9 and feeding of spoiled hay9 or 
moldy hay and barley.6 In the herein described  

abortion outbreak, the ewe lambs had only 
been on grass, suggesting that L. ivanovii in-
fection may have been directly acquired from 
the pasture environment. This route of expo-
sure has been proposed in a case series of 
weaned lambs in the United Kingdom with 
visceral L. ivanovii infections.2 Interestingly,  

 
Placenta, sheep: There is necrosis of the intercotyledo-
nary  epithelium and the trophoblasts are swollen with 
intracytoplasmic bacilli. (HE, 308X). 

 

in this submission, the farmer reported that 
some abortions consisted of one dead lamb 
and one live unremarkable lamb including one 
of those submitted from which L. ivanovii was 
isolated. This is in contrast to previous re-
ports.1,6,9 

The present case highlights the importance of 
testing for common as well as less common 
abortion pathogens and sampling of several 
tissues for histology to confirm isolated path-
ogens microscopically. 

Contributing Institution:  
Department of Pathobiology and Population 
Sciences, Royal Veterinary College, 
Hawkshead Lane, North Mymms, Hertford-
shire, United Kingdom, AL9 7TA. The web-
site address is www.rvc.ac.uk:  https://vet.pur-
due.edu/cpb/ 

 
Placenta, sheep: The bacilli within the necrotic cotyledon 
are gram-positive. (Gram, 400X) (Photo courtesy of:  De-
partment of Pathobiology and Population Sciences, 
Royal Veterinary College, Hawkshead Lane, North 
Mymms, Hertfordshire, United Kingdom, AL9 7TA.) 
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Placenta, sheep: There is necrotizing vasculitis and 
thrombosis of the endometrial vessels. (HE, 308X). 

 
JPC Diagnosis: 
Placenta: Placentitis, necrosuppurative, sub-
acute, diffuse, severe, with vasculitis, throm-
bosis, and numerous extracellular and in-
tratrophoblastic bacilli.     

 
JPC Comment:   
This week’s moderator was Dr. Maggie 
Highland from the University of Wisconsin 
Veterinary Diagnostic Laboratory. Dr. High-
land emphasized the diagnostic workup of 
small ruminant abortion in her pre-confer-
ence lecture and revisited these concepts in 
this first case which we excerpt again here. 

From subgross magnification, tissue identifi-
cation of the placenta in this case is facili-
tated by recognition of ruminant cotyledo-
nary structure. Although there is marked co-
agulative (and subsequently lytic necrosis) 
present in this tissue, the state of tissue 
preservation is representative of typical abor-
tion cases. The major diagnostic features pre-
sent include vasculitis and innumerable in-
tratrophoblastic cytoplasmic bacilli which 
provide a clear mechanism for abortion (in-
terruption of blood flow and placental insuf-
ficiency). Conference participants considered 
several possible etiological agents including 
Chlamydia (which would also have vasculitis 
and intracytoplasmic bacteria) as well as Bru-

cella (vasculitis) and Coxiella (lacks vascu-
litis, but centered on trophoblasts).7 Other po-
tential rule outs for small ruminant abortion 
include Border disease virus (and BVDV) as 
well as toxoplasmosis, though the latter is as-
sociated with cotyledonary necrosis without 
vasculitis.7 

Our Gram stain was helpful for resolving Lis-
teria as the probable agent given the size and 
slight curvilinear shape – we noted large 
numbers of gram-positive bacteria both free 
and within trophoblasts. Conference partici-
pants wondered if the large number of organ-
isms present on this slide represented a par-
ticular tropism/niche (and corresponding fit-
ness) of L. ivanovii for placenta. Likewise, 
we speculate that Listeria hitting twins harder 
than singleton lambs reflects a decreased pla-
cental reserve for twins over singletons. Alt-
hough not performed at the JPC, Giemsa 
and/or Gimenez stains to enhance visualiza-
tion of trophoblastic organisms is a helpful 
part of the diagnostic workup.7 Culture of fe-
tal abomasal contents may prove vital in in-
stances where the placenta lacks diagnostic 
information. Dr. Highland emphasized re-
porting PCR/culture results as “not detected” 
or cultures as “no growth:  rather than ‘nega-
tive’ in both instances– this distinction car-
ries some weight in animals previously 
treated with antibiotics and precludes poten-
tial client misinterpretation of “negative” re-
sults. 
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CASE II:  
 
Signalment:  
<30-day-old (neonate), female, Texel lamb, 
Ovis aries 

History:  
Death of 20, <30-day-old lambs was reported 
in a flock of 450 nonvaccinated Texel sheep 
in a farm in the department of Rivera, Uru-
guay, in October 2023 (spring season in the 
Southern Hemisphere). The flock was graz-
ing natural grassland on a low terrain that 
used to be used for the cultivation of rice, and  

 
Liver, lamb:  There is diffuse dark red discoloration of the 
right kidney and dark red urine (hemoglobinuric nephro-
sis). The adipose and subcutaneous tissues are yellow 
(jaundice), and the skeletal muscles are pale pink (con-
sistent with anemia). (Photo courtesy of Instituto 
Nacional de Investigación Agropecuaria (INIA), La Estan-
zuela, Colonia 70006, Uruguay. www.inia.uy) 
 

following a severe flooding event, the af-
fected lambs exhibited severe apathy and he-
moglobinuria, progressing to death within 
24-48 hours. 

 
Gross Pathology:  
The main gross findings included yellowish 
discoloration of the subcutaneous and adi-
pose tissues (jaundice), diffuse bilateral dark-
red discoloration of the kidneys with dark-red 
urine filling the urinary bladder (hemoglobi-
nuria), pale skeletal muscles (anemia) (Figure 
1), dark pink to red mottled lungs with rub-
bery/meaty texture and intraluminal bron-
chial and tracheal froth (pulmonary edema). 

 
Laboratory Results: 
 

 
Tissues 

Tests for 
detecting 

Leptospira  Liver  Kidney  

Immuno-
histochem-

istry* Positive  Negative 

qPCR for 
pathogenic 

Positive Positive 

440

http://www.inia.uy/


6 
 

Leptospira 
spp. (tar-
geting the 

lipL32 
gene) 

PCR tar-
geting the 
16S rDNA 
gene fol-
lowed by 

sequencing 
for species 
identifica-

tion L. kirschneri L. kirschneri 

*Using Leptospira multivalent fluorescent antibody conju-
gate (LEP-FAC) as primary antibody. 
 
Microscopic Description: 
Liver: diffusely there is disruption of the his-
toarchitecture of hepatic cords in the centri-
lobular (periacinar) areas with a bridging pat-
tern. Within these regions hepatocytes are 
frequently dissociated and individualized 
from the hepatic cords and are either swollen 
with vesicular nucleus (hydropic degenera-
tion) or shrunken with angular cell borders 
and hypereosinophilic cytoplasm and nuclear 
pyknosis or karyorrhexis (necrosis) (Figure 
2). In these areas there is multifocal infiltra-
tion of neutrophils, lymphocytes and histio-
cytes, occasionally grouping around necrotic 
hepatocytes, although similar inflammatory 
infiltrates are present in the sinusoids of the 
midzonal and periportal regions where 
hepatocytes are preserved. Portal tracts are 
moderately and multifocally expanded by in-
flammatory cells, notably histiocytes, lym-
phocytes and rare neutrophils, and/or fibro-
blasts embedded in a loose extracellular col-
lagenous matrix (fibrosis/fibroplasia). 

 
Contributor’s Morphologic Diagnosis: 
1.  Liver: multifocal random neutrophilic and 
lymphohistiocytic hepatitis with severe dif-
fuse acute periacinar hepatocellular necrosis, 
lamb. 

2. Liver: hepatitis, portal, lymphocytic and 
histiocytic, with fibrosis, lamb 
 
Contributor’s Comment:  

The clinical signs and gross patholog-
ical findings in this lamb were highly sugges-
tive of acute (likely intravascular) hemolysis. 
Differential diagnoses include “yellow lamb 
disease” (a poorly characterized enterotoxe-
mia presumably caused by Clostridium 
perfringens alpha toxin), Mycoplasma ovis 
infection, and toxic plants causing hemolysis 
(i.e. Allium spp., Brassica spp., Indigofera 
spp., Urochloa arrecta).2,3,8,9 In older sheep, 
chronic copper toxicity is characterized by 
similar clinical and pathological findings.2 In 
this case, an etiologic diagnosis of leptospiro-
sis was established based on intralesional 
identification of Leptospira spp. antigen by 
immunohistochemistry in the liver (Figure 3), 
and molecular identification of Leptospira 
kirschneri in the liver and kidney (see labora-
tory results section). 

The nature and distribution of the mi-
croscopic lesions in the liver of the lamb, no-
tably diffuse acute periacinar hepatocellular 
degeneration/necrosis, suggest that they prob-
ably resulted, at least in part, from hypoxia 
perhaps secondary to hemolytic anemia. 
However, a direct action of leptospiral inva-
sion and multiplication in the liver, as high- 

 
Liver, lamb:  One section of liver is submitted for exami-
nation with no obvious changes at subgross magnifica-
tion. (HE, 7X) 
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lighted immunohistochemically, probably 
contributed to the inflammatory and necrotiz-
ing lesions seen in the hepatic parenchyma. It 
was not clear whether the portal lesions in 
this case were due to Leptospira infection or 
a pre-existing incidental finding. No Lepto-
spira antigen could be clearly identified in 
the portal tracts or bile ducts. Notably, de-
spite the jaundice seen grossly, no significant 
bile stasis was observed histologically in the 
liver, suggesting pre-hepatic jaundice proba-
bly resulting from hemolysis. 

Leptospirosis is a zoonotic disease of 
worldwide distribution caused by spirochetes 
in the genus Leptospira. The taxonomy of the 
genus has evolved enormously in recent 
years, and now contains several pathogenic 
species such as L. interrogans, L. 
borgpetersenii, L. noguchii, and L. 
kirschneri, within which more than 350 
serovars have been identified.4 While a wide 
range of wild and domestic animal species 
can be infected by a wide range of serovars, 
some serovars are adapted to a given animal 

species (maintenance hosts) and cause dis-
ease in another species (incidental hosts).1 
The major host-adapted serovars are Hardjo 
in cattle and sheep, Icterohaemorrhagiae and 
Copenhageni in rats, Ballum in mice, Cani-
cola in dogs, and Pomona and Bratislava in 
pigs. Dogs, cattle, pigs, and horses are the 
main incidental domestic animal hosts and 
suffer from the disease in diverse degrees 
from asymptomatic to lethal.4 

The natural niche of pathogenic Lep-
tospira spp. are the proximal renal tubules 
and the genital tract in certain maintenance 
hosts. Transmission might be direct through 
contact with urine, lochia, milk, genital mu-
cosa (venereal transmission), or transplacen-
tal. Infection of incidental hosts is usually in-
direct, via environmental contamination by 
urine of carrier animals. Under ideal wet, 
warm, and neutral to slightly alkaline condi-
tions leptospires may survive for weeks or 
months in water-logged soil or water. Thus, 
in temperate climates leptospirosis occurs es-
pecially in the wet season and the risk of ex-
posure and infection is increased by heavy 

Liver, lamb:  Within centrilobular and midzonal areas, there is disassociation of hepatic plates with individualization and 
rounding up of hepatocytes.  (HE, 381X) 
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rainfall, agricultural irrigation and/or flood-
ing. In tropical and subtropical areas, the dis-
ease can occur year-round.1,4 

In incidental hosts, infection may 
cause severe acute or subacute systemic dis-
ease during bacteremia (leptospiremic phase), 
particularly in young animals. After lepto-
spiremia has ceased, chronic disease can 
manifest as abortion, stillbirth, infertility, or 
recurrent uveitis. The acute/subacute sys-
temic disease is clinically characterized by 
fever, jaundice, hemolytic anemia, hemoglo-
binuria, pulmonary congestion, and occa-
sional meningitis.1 

Leptospira genomes encode many 
proteins of unknown or poorly defined func-
tion and the molecular bases for virulence are 
poorly understood. Adhesion to host cells and 
components of the extracellular matrix likely 
plays a role in virulence. Flagellar motility, 
notably controlled by chemotaxis, is key to 
Leptospira virulence, as are several mecha-
nisms allowing the bacteria to escape or resist 

the host immune response. How the lipopoly-
saccharide (LPS) contributes to virulence is 
still poorly known, but mutations that alter 
the LPS structure attenuate virulence. Patho-
genic Leptospira spp. also produce sphingo-
myelinase-like enzymes with phospholipase 
C, hemolytic, and apoptotic activities. As 
these are absent in the saprophytic Leptospira 
spp. they are thought to contribute to viru-
lence.4 

Leptospirosis is a complex disease; its 
pathogenesis has not been fully elucidated 
and varies for different serovars in different 
animal species.1 Leptospires entry to the 
body through mucous membranes (conjuncti-
val, oral, genital) or via damaged or compro-
mised skin, without inducing notable lesions 
at the point of entry.4 The mechanisms used 
to enter the bloodstream through endothelial 
cells are not well understood; however, mo-
tility seems to be essential for pathogenic 
Leptospira spp. to cross tissue barriers, which 
is thought to occur through intracellular 

Liver, lamb:  Individualized hepatocytes demonstrate granular eosinophilic cytoplasm with variable pyknosis and karyor-
rhexis.  Hepatocytes are surrounded by abundant granular eosinophilic debris which fills sinusoids; there are few intact 
hepatocytes.  (HE, 721X). 
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translocation. During the leptospiremic phase 
(hematogenous dissemination), which can 
last up to 7 days, the main symptom is fever, 
while clinicopathological findings frequently 
include leukocytosis and thrombocytopenia. 
Hemorrhages in the liver, kidneys, and/or 
lungs can develop in the acute phase of the 
disease, at which stage inflammation is usu-
ally absent. 

After rapid hematogenous spread, lep-
tospires interact through adhesins with a 
range of host tissue proteins in different or-
gans.4 The pathogen multiplies especially 
well in the liver, kidney, lungs, placenta, 
mammary gland, and cerebrospinal fluid 
(CSF).1 Leptospira have developed strategies 
to evade host defenses and resist the comple-
ment system. Although generally considered 
an extracellular pathogen, it is also able to 
penetrate host cells and survive inside macro-
phages and other phagocytes involved in the 
innate immune response. Leptospires have 
also developed strategies to escape recogni-
tion by pattern-recognition receptors of the 
innate immune system that recognize mi-
crobe-associated molecular patterns (i.e. 
Nod-like and Toll-like receptors). However, 
the innate immune system can detect Lepto-
spira and activate an immune response and 
the expression of cytokines.4 After tissue col-
onization, hepatitis, and hepatocellular death 
(apoptosis/necrosis) can be seen early in the 
disease associated with leptospiral invasion. 
In the kidneys, interstitial nephritis is seen, 
but can be quite discrete, whereas hemoglobi-
nuria can occur in ruminants.4 Development 
of agglutinating and opsonizing antibodies 
after approximately 6-7 days clears the agent 
from most organs except from immunoprivi-
leged sites such as the proximal tubules of 
the kidneys, the CSF, and the vitreous humor 
of the eyes. Certain serovars can also survive 
and establish chronic infection in the genital 
tract of maintenance hosts.1   

In sheep, Leptospira infection is usu-
ally asymptomatic, although severe disease 

occurs sporadically in young animals. In neo-
nate lambs, leptospirosis is usually character-
ized by leptospiremia with hemolysis, ane-
mia, and death. There is little information on 
the species and serovars involved in fatal 
cases of leptospirosis in sheep. In Uruguay, 
sporadic outbreaks of acute fatal leptospirosis 
in lambs associated have been associated 
with L. interrogans serogroup Pomona 
serovar Kennewicki.5 L. kirschneri, the spe-
cies detected in the case described herein, has 
been identified as one of the dominant Lepto-
spira species (along with L. interrogans) as-
sociated with human leptospirosis in central 
Malaysia.7  

Regardless of the acting species, it is 
important to determine the serovars involved 
in outbreaks of leptospirosis and/or infecting 
animals and humans in different geographic 
regions, so that circulating serovars can be 
included in vaccines, considering that im-
munity is serovar specific. Unfortunately, the 
serovar involved in the ovine case presented 
here could not be identified as attempts to 
culture and isolate this labile and fastidious 
organism were unsuccessful. Of note, the 
serovar Kennewicki which has been isolated 
from sheep,5 cattle10 and humans6 in Uruguay 
is not included in the locally available com-
mercial vaccines for livestock.  
 

Liver, lamb. There is scattered strong granular to linear im-
munoreactivity for leptospiral antigen within Kupffer cells. 
(anti-Leptospira spp., 400X) (Photo courtesy of Instituto 
Nacional de Investigación Agropecuaria (INIA), La Estan-
zuela, Colonia 70006 
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Contributing Institution:  
Instituto Nacional de Investigación 
Agropecuaria (INIA), Route 50, Kilometer 
11, La Estanzuela, Colonia 70006, Uruguay. 
www.inia.uy 

 
JPC Diagnosis: 
Liver:  Hepatitis, necrotizing, acute, diffuse 
and centrilobular, moderate, with hepatocel-
lular disassociation. 

 
JPC Comment:  
The contributor provides an excellent sum-
mary of leptospirosis that weaves in some of 
the salient features of this case. Histologic 
changes were apparent even from low-magni-
fication and we agree with the contributor 
that the underlying pathogenesis is acute cen-
trilobular hepatitis that is probably aug-
mented by hypoxic effects. Although anemia 
is more of a clinical diagnosis than a histo-
logic one, we could not help but notice the 
paucity of erythrocytes within sinusoids that 
corresponds to the intravascular hemolysis 
characteristic of this agent. Dissociation (in-
dividualization) of hepatocytes was another 
important feature of this case which has been 
attributed to hepatic infectious with several 
species of Leptospira.11 These bacteria can 
infiltrate the space of Disse and cause disso-
ciation of hepatocytes through physical dis-
ruption and breakdown of intracellular  tight 
junctions. A second consequence of the loss 
of tight conjunctions is leakage of bile from 
the canaliculus – this is a form of intrahepatic 
cholestasis that lacks dilatation of bile cana-
liculi.11 In this case, the lack of bile plugs de-
spite systemic icterus fits with this interpreta-
tion.  

We also ran a Masson’s trichrome stain to 
evaluate liver structure and concurrent pa-
thology. We differed from the contributor in 

that we did not observe hepatic fibrosis, to in-
clude within centrilobular regions with 
hepatocyte loss. This argues against a pro-
longed event, to include secondary hypoxic 
changes and/or sinusoidal outflow obstruc-
tion (see Conference 12, Case 2 of this year 
for a relevant example). Finally, we debated 
the relevance of periportal cellular infiltrates. 
While some participants considered oval cell 
hyperplasia, the group consensus was for ex-
tramedullary hematopoiesis given the age of 
this animal and concurrent loss of erythro-
cytes necessitating demand. 

The lack of histologic renal changes in this 
young lamb likely reflected a very acute 
course of disease and an insufficient time 
course for bacteremia to bring the agent to 
the lumina of renal tubules via the renal vas-
culature. That stated, the positive qPCR re-
sult in the kidney is intriguing,  and we won-
der whether the detection of nucleic acid 
therein could reflect cross-contamination.  
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CASE III:  

Signalment:       
3-year-old, male, Merino X, Ovis aries, ovine 

History:  
Animal found dead two weeks after moved 
onto a paddock with a predominance of sour-
sobs (Oxalis cernua) in pasture. 
 
Gross Pathology:  
Post-mortem performed by referring veteri-
narian. Post mortem findings included heart 
petechial haemorrhages, leathery appearance 
of renal capsules and mild hepatomegaly.  

 
Microscopic Description:  
There is moderate multifocal predominantly 
cortical and less often medullary tubular loss, 
interstitial fibrosis and mild multifocal inter-
stitial infiltrates of lymphocytes and plasma 
cells. Remnant tubules are often lined by de-
generate, necrotic or attenuated epithelium. 
Bowman’s capsules and glomerular mesan-
gium are thickened by fibrosis, with frequent 
synechia and scattered obsolescent glomeru-
lar tufts. Tubules are frequently ectatic, ex-
panded up to 6 times normal diameter and 
filled with amorphous translucent eosino-
philic material (protein), occasional sloughed 
epithelial cells and clear-yellow to lightly ba-
sophilic refractile crystals. Crystals are com

 

Kidney, sheep:  A section of kidney is submitted for exami-
nation. (HE, 8X) 
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posed of radiating angular shards of variable 
size and shape and are birefringent under po-
larised light (calcium oxalate).  

 
Contributor’s Morphologic Diagnosis:  
Lymph nodes, spleen and liver: T-cell lym-
phoid hyperplasia, severe, diffuse 
Liver: Pericholangitis and perivasculitis, mild, 
multifocal, lymphoplasmacytic with erythro-
phagocytosis and extramedullary hematopoie-
sis 
 
Contributor’s Comment:  
Oxalate nephrosis is the outcome of exces-
sive calcium oxalate accumulation within re-
nal tubules, forming insoluble crystals and re-
sulting in tubular obstruction and acute renal 
failure.5 Tubular epithelial injury may also 
result from inflammation-mediated free-radi-
cal damage and interference with oxidative 
phosphorylation; however there is conjecture 
over the concentrations required to elicit 

these changes.5,12 Oxalate is the ionic form of 
oxalic acid and is derived from a number of 
sources.4  Endogenous production occurs in 
the liver via oxidation of glycolate to form 
glyoxalate or via the metabolism of hydroxy-
proline, a component of collagen. This is fol-
lowed by conversion to oxalate by the action 
of lactate dehydrogenase.4 Primary hyperox-
aluria (PH) is the predominant cause of oxa-
late toxicity in humans, caused by increased 
endogenous production due to defective en-
zyme activity.4 This may involve defects in 
alanine glyoxalate aminotransferase (PH1), 
glyoxalate/hydroxypyruvate reductase (PH2), 
or mitochondrial 4-hydroxy 2-oxoglutarate 
adolase (PH3).4 Primary hyperoxaluria is rare 
in domestic species, but has been reported in 
cats, dogs, and Beefmaster cattle, and is sus-
pected in Australian wildlife species Gilbert’s 
potoroo (Potorous gilbertii) and koalas 
(Phascolarctos cinereus).1,5,6,13 

Kidney, sheep:  Within the cortex, there is loss of tubules, marked interstitial fibrosis, mild lymphoplasmacytic inflammation, and 
various glomerular changes including variation in size, hypercellularity, and periglomerular fibrosis. (HE, 71X) 
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Secondary oxaluria predominates in domestic 
and non-domestic species, caused by in-
creased intestinal absorption or increased in-
take of oxalates or oxalate precursors such as 
ethylene glycol or ascorbic acid (vitamin 
C).1,4 In ruminants, oxalate toxicity is most 
commonly caused by ingestion of plants con-
taining soluble oxalates, usually in the form 
of sodium or potassium oxalate. 3,5,10 This in-
cludes a vast range of plant species but is 
most commonly reported following ingestion 
of Halogeton glomeratus (halogeton), Sarco-
batus vermiculatus (greasewood), Rheum 
rhaponticum (rhubarb), Oxalis spp. (sour-
sobs) and Rumex spp. (sorrel, dock), Portu-
laca oleracea (purslane), Chenopodium al-
bum (lamb’s quarter), Bassia hyssopifolia 
(bassia), Amaranthus spp. (pigweed), Salsola 
tragus (Russian thistle) and Beta vulgaris 
(sugar beets).3,5,10 Oxalate concentration in 
these plants is dependent on a number of fac-
tors and varies between species. Higher con-
centrations are found in leaves rather than 
stems and seeds, and young plants commonly 
have higher concentrations than aged 

plants.5,10 Concentration is also known to de-
crease as the plant dries; however, plants 
with extremely high concentrations may be 
potent enough to cause intoxication even af-
ter a dry summer.5,10  
 
After ingestion, soluble oxalates are rapidly 
absorbed from the gastrointestinal tract, re-
sulting in acute disease as soon as 2 hours 
post-ingestion.9 In plasma, oxalates complex 
with calcium, causing hypocalcemia and pre-
cipitation of calcium oxalate within renal tu-
bules and the vascular lumens of various tis-
sues, resulting in vascular necrosis, haemor-
rhage and acute renal failure.5,10 The kidneys 
are the most severely affected due to their 
primary role in oxalate excretion.9 Ruminants 
are more tolerant of ingested oxalates than 
monogastrics due to the action of ruminal mi-
crobes such as Oxalobacter formigenes, 
which degrade oxalate to produce carbon di-
oxide and formate.5,11  
 
Clinical signs of acute toxicity are caused 
largely by hypocalcemia and include ruminal 
stasis and subsequent bloat; twitching and 

Kidney, sheep:  Within the cortex, there is loss of tubules, marked interstitial fibrosis, mild lymphoplasmacytic inflammation, 
and various glomerular changes including variation in size, hypercellularity, and periglomerular fibrosis. (HE, 71X) 
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tetany which may progress to seizures; and 
weakness and bradycardia.9 Animals that sur-
vive acute hypocalcemia may succumb 
within a number of days to acute renal fail-
ure, characterised by anorexia, depression, 
weight loss and diarrhoea.9 Sheep are more 
commonly affected than cattle, however both 
species are equally susceptible under experi-
mental conditions, suggesting that differing 
grazing patterns may contribute to differ-
ences in natural susceptibility.5 The charac-
teristic clinical and pathological findings of 
acute oxalate intoxication in sheep include 
hypocalcemia, azotemia, and nephrosis asso-
ciated with precipitation of birefringent cal-
cium oxalate crystals in renal tubules.3,7,8 
 
Ruminal oxalate-degrading bacteria increase 
with gradual exposure to higher concentra-
tions of oxalate, allowing adapted animals to 
consume greater quantities.2,3,11 The develop-
ment of acute toxicity also varies depending 
on rate of consumption, the availability of 
water and other feed and the total amount 
consumed.10 Therefore, management relies 
on limiting availability of oxalate-containing 
plants and providing access to other feed 
sources.9 

 
Contributing Institution:  
Veterinary Diagnostic Laboratory, School of 
Animal and Veterinary Sciences, University 
of Adelaide Roseworthy Campus, Mudla 
Wirra Rd, Roseworthy SA, 5371, Australia 
https://www.adelaide.edu.au/vet/about-
us/pathology 

 
 
JPC Diagnosis: 
1.  Kidney:  Tubular degeneration, necrosis, 
and loss, diffuse, with proteinosis, tubu-
lorrhexis, and numerous oxalate crystals.  

2.  Kidney: Nephritis, interstitial, lympho-
plasmacytic, chronic, diffuse, moderate, with 
glomerular synechiae and periglomerular and 
interstitial fibrosis 

 
JPC Comment:   
This third case prompted intense discussion 
among participants. The contributor provides 
a outstanding histologic section to accom-
pany a quality summary of oxalate toxicosis. 
We homed in on the disparity between acute 
and chronic changes on the slide, aided by 
Masson’s trichrome, Jones methenamine sil-
ver, and PAS stains. We agree that the tubu-
lar changes, tubulorrhexis and leakage of the 
urinary filtrate into the interstitium, where it 
mimics edema fluid) reflect a primary pro-
cess of a subacute time course, though we 
could not agree that the chronic interstitial 
nephritis followed from this same tubular ob-
struction. Masson’s trichrome showed 
marked interstitial and periglomerular fibro-
sis that does not fit with the relatively short 
time course between introduction to pasture 
and death of this animal. To satisfy these 
concepts for this case, we created two sepa-
rate morphologic diagnoses and interpreted 
this case as superimposed acute renal failure 
on a background of chronic subclinical renal 
insult.  

 

Kidney, sheep:  Oxalate crystals are birefringent with po-
larized light. (HE 400X) 
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Some participants also commented on the 
possibility of calcium carbonate uroliths 
given that the morphology of some crystals 
did not completely fit with oxalates. Calcium 
carbonate uroliths are also common in rumi-
nants, particularly when calcium availability 
is high. Habituation of Oxalobacter in the ru-
men to oxalate-containing forage presents 
one such opportunity as breakdown of cal-
cium oxalate increases free calcium signifi-
cantly.11 It is also worth noting that oxalate 
crystals can also be a normal finding in the 
urine of ruminants, especially when concen-
trated.11 In the present case, there is clear as-
sociation with tubular changes to include tu-
bulorrhexis that is outlined clearly with JMS 
and PAS stains. 

There are other considerations for this case 
that were briefly entertained by the contribu-
tor already. Primary hyperoxaluria has been 
described in sheep breeds, to include the 
Zwartbles (a Dutch breed).14 The condition is 
autosomal recessive and involves a loss of 
function missense mutation in the gene en-
coding for alanine-glyoxylate aminotransfer-
ase (Type 1 hyperoxaluria). The associated 
nephropathy is severe and heterozygous 
sheep may still develop histologic changes 
within the kidney.14 That this animal was 
cross bred raises the possibility of a similar 
gene interaction. Finally, production of oxa-
lates by fungi such as Aspergillus remain an 
uncommon possibility. Nephrosis following 
ingestion of contaminated feed has been pre-
viously described.15 It is possible that this 
case reflects a multifactorial pathogenesis 
that leaves conference participants satisfied 
not matter their prevailing theory of the case. 
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CASE IV:  

Signalment:  
2-month-old, female, Toggenburg goat 
(Capra aegagrus hircus) 

 
 
 
 
 
 
 

History: 
Presented with clinical complaints of vomit-
ing and lethargy. Huge amount of fluid in per-
itoneal cavity (ascites). No abnormalities 

 
Lung and brainstem/cerebellum, goat:  There is diffuse ate-
lectasis and foci of hypercellularity in the lung at subgross 
magnification. (HE, 8X) 

found on echocardiac examination and blood  
examination. Laparascopy performed: suspi-
cion of encapsulating peritoneal sclerosis. 
Died at night. 
 
Gross Pathology:  
A 2-month-old female Toggenburg goat kid 
presented for nystagmus, incoordination, and 
inability to ambulate. Several days prior, this 
kid’s sibling was euthanized for similar se-
vere neurologic signs.  

Laboratory Results: 
Immunohistochemical staining for Caprine 
Arthritis and Encephalitis Virus was positive 
on brainstem and lung tissue (Michigan State 
University, Veterinary Diagnostic Labora-
tory).  

Aerobic culture grew few colonies Strepto-
coccus infantarius, Streptococcus equinus, 
and coagulase negative Staphylococcus spp. 
Mycoplasma spp. PCR was negative.  

(Ohio Department of Agriculture, Animal 
Disease Diagnostic Laboratory). 
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Lung, goat. There is marked BALT hyperplasia, and airway 
lumina contain a cellular infiltrate with abundant mucus.  
Alveoli are filled with brightly eosinophilic edema fluid and 
fibrin and a cellular exudate.   (HE, 43X) 

Microscopic Description:  
Brainstem and cerebellum: Regionally affect-
ing the brainstem white matter along the mid-
line is an area of neuropil loss and replace-
ment by numerous macrophages with foamy 
eosinophilic cytoplasm with eccentrically 
placed nuclei (gitter cells) and mild to moder-
ate numbers of reactive astrocytes, microglia, 
and admixed lymphocytes and fewer plasma 

cells. Myelin sheaths are frequently replaced 
by gitter cells and are rarely dilated with ei-
ther swollen hypereosinophilic axons (sphe-
roids) or macrophages (digestion chambers). 
Scattered throughout the affected region is 
abundant eosinophilic cellular debris. Vir-
chow Robin’s spaces are multifocally ex-
panded by numerous lymphocytes, histio-
cytes, and fewer plasma cells (perivascular 
cuffs).  

Lungs: Diffusely alveoli are filled with large 
amounts of eosinophilic amorphous proteina-

Lung, goat. There is marked BALT hyperplasia, and airway lumina contain a cellular infiltrate with abundant mucus.  Alveoli 
are filled with brightly eosinophilic edema fluid and fibrin and a cellular exudate.   (HE, 43X) 
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ceous fluid (alveolar proteinosis) and multi-
focal admixed foci of necrotic cellular and                  

 

Lung, goat.  Multifocally,  mononuclear cells demonstrate 
strong cytoplasmic immunolabeling for CAEV.   (anti-CAEV, 
400X) (Photo courtesy of The Ohio State University College 
of Veterinary Medicine, Department of Veterinary Biosci-
ences, https://vet.osu.edu 

nuclear karhyorrhectic debris. Multifocally, 
alveoli are lined by plump type II pneumo-
cytes (type II pneumocyte hyperplasia). Vari 
ably, alveolar septa are expanded by moder-
ate numbers of lymphocytes, histiocytes and  

fewer plasma cells. Bronchi and large bron 
chioles contain abundant degenerate neutro-
phils admixed with eosinophilic cellular and 
karyorrhectic debris and moderate amounts 
of basophilic mucin. Lymphoid tissue sur-
rounding bronchi and bronchioles is moder-
ately hyperplastic, with frequent prominent 
germinal centers.   

 
Contributor’s Morphologic Diagnosis:  
Brainstem: Severe, focally extensive, lym-
phohistiocytic leukoencephalitis with axonal 
degeneration and neuropil necrosis 

Lungs:   

a. Marked, diffuse, chronic, lymphohistio-
cytic interstitial pneumonia with type II 
pneumocyte hyperplasia and alveolar pro-
teinosis 

b. Moderate, multifocal, acute, suppurative 
bronchopneumonia 

 
Contributor’s Comment:  
Brainstem lesions, interstitial pneumonia, and 
immunohistochemistry results in this case are 
consistent with small ruminant lentivirus in-
fection (SRLV), or Caprine Arthritis and En-
cephalitis Virus (CAEV).  

 

CAEV is a lentivirus within the Retrovirus 
family. CAEV and Maedi-Visna virus (MV), 
also called Ovine Progressive Pneumonia, are 
together referred to as the small ruminant len-
tiviruses (SRLV).4 Previously CAE and MV 
were considered species-specific, with CAEV 
affecting goats and MV affecting sheep; 
however, several studies have documented 
cross-species and co-infections demonstrat-
ing both species are susceptible to each vi-
rus.1, 7 

 

Other prominent lentiviruses include Equine 
Infectious Anemia Virus, Bovine Immunode-
ficiency Virus, and Feline Immunodeficiency 
Virus in domestic species and Human Immu-
nodeficiency Virus in humans. In contrast to 
these other lentiviruses, SRLVs are unique in 

 

Brainstem, goat:  There are multifocal areas of profound 
inflammation and parenchymal necrosis within the brain-
stem along the midline subjacent to the 4th ventricle.  Ves-
sels in these areas are cuffed by lymphocytes and plasma 
cells.   (HE, 131X) 
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that they do not cause immunodeficiency in 
infected animals.3, 6 The mechanism by 
which SRLVs are able to evade the host im-
mune system despite an appropriate immune 
response is not fully understood. One pro-
posed mechanism is that tropism of SRLVs 
for monocytes, macrophages, and dendritic 
cells allows the virus to evade the host im-
mune system and disseminate systemically.6 
Once in target tissues, the virus can infect 
other cell types including microglia, endothe-
lial cells, fibroblasts, and epithelial cells, 
though replication is restricted in these cells.1, 

3, 5 These additional tissue targets, particu-
larly mammary epithelium, likely serve as 
important reservoirs of infection.1, 5 

Transmission primarily occurs through inges-
tion of milk/colostrum or inhalation of nasal 
secretions.3, 5 In utero transmission can occur 
infrequently in sheep and SRLVs have been 
detected in semen, though transmission via 
this route has not been documented.2, 3 In the 

present case, the dam of the affected goat kid 
tested positive for CAEV prior to pregnancy 
and the kid likely became infected following 
ingestion of colostrum and milk. This is fur-
ther supported by the reported similar clinical 
signs in the sibling of the present animal. 

Infection with SRLVs leads to slowly pro-
gressing, often subclinical, inflammatory dis-
ease.3 When clinical, four pathologic presen-
tations, either alone or in combination, are 
recognized: encephalomyelitis, interstitial 
pneumonia, arthritis, indurative mastitis. 
Which form is present is variable and de-
pends on various factors including species af-
fected and age of the animal. Adult sheep 
typically present with pneumonia and/or en-
cephalomyelitis while adult goats present 
with the arthritic form and goat kids present 
with the neurologic form.4, 5, 8  

 

Brainstem, goat.  Higher magnification of inflamed areas with chromatolytic swollen neurons, numerous Gitter cells and 
other glia, and  cuffs of lymhocytes around vessels.  (HE, 713X) 
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Brainstem, goat.  Multifocally mononuclear cells demon-
strate strong cytoplasmic immunolabeling for CAEV. (anti-
CAEV, 400X) (Photo courtesy of The Ohio State University 
College of Veterinary Medicine, Department of Veterinary 
Biosciences, https://vet.osu.edu 

As in the present case, the neurologic form in 
both sheep and goat kids is histologically 
characterized by lymphocytic and/or histio-
cytic demyelinating leukoencephalomyelitis 
frequently resulting clinically in progressive 
ataxia beginning in the hindlimbs.3 The res-
piratory form is histologically characterized 
by lymphohistiocytic interstitial pneumonia, 
lymphoid follicle proliferation, and alveolar 
septa that are thickened by interstitial fibrosis 
and smooth muscle hypertrophy.3, 8 In sheep, 
type II pneumocyte hyperplasia is uncom-
mon, while in goats it is frequently present.3 
Additionally alveoli can be filled with abun-
dant dense eosinophilic proteinaceous mate-
rial.3, 8 Electron micrographs of this fluid re-
veal numerous myelin figures consistent with 
surfactant.9 In human medical literature, this 
accumulation of surfactant is termed alveolar 
proteinosis and is considered secondary to 
functional disruptions of alveolar macro-
phages.10 There are a variety of documented 
causes of alveolar proteinosis in humans 
while in goats it has been described with 
CAEV as well as pulmonary adenomatosis.9, 

10 Therefore, alveolar proteinosis does not ap-

pear to be specific to CAEV but likely mani-
fests secondary to alveolar macrophage dys-
function during infection.     

The arthritic form, common in adult goats, is 
characterized by synovial villous hyperplasia 
with necrosis, mineralization, and fibrosis of 
the synovium with chronic infection.3 Fi-
nally, the mastitis form is frequently subclini-
cal and is a significant source of economic 
losses. It is frequently non-painful and in-
volves infiltration of the mammary interstit-
ium by lymphocytes, plasma cells, and mac-
rophages that with time progresses to fibro-
sis.3,5  

The concurrent suppurative bronchopneumo-
nia in this case is not typical for reported 
SRLV respiratory lesions. We suspect that 
this may represents a separate bacterial infec-
tion; multiple bacterial agents were cultured 
from the lung to support this hypothesis, but 
the weak growth of mixed bacteria makes it 
difficult to interpret whether this reflect true 
infection or contaminants. Mycoplasma spp. 
infection was also considered as an additional 
contributor, but PCR for this agent was nega-
tive. 

 
Contributing Institution: 
The Ohio State University College of Veteri-
nary Medicine 
Department of Veterinary Biosciences  
Anatomic Pathology Service 
1925 Coffey Road 
Columbus, OH 43210 
https://vet.osu.edu/departments-offices/bio-
sciences  

 
JPC Diagnosis: 
1. Lung:  Pneumonia, interstitial, lymphohis-
tiocytic, chronic, diffuse, marked, with 
peribronchiolar and perivascular lymphoid 

455

https://vet.osu.edu/departments-offices/biosciences
https://vet.osu.edu/departments-offices/biosciences


21 
 

hyperplasia, type II pneumocyte hyperplasia, 
and alveolar proteinosis. 
2.  Lung: Bronchopneumonia, suppurative, 
subacute, multifocal, moderate. 
3.  Brainstem:  Rhombencephalitis, necrotiz-
ing and lymphohistiocytic, subacute, focally 
extensive, severe, with gliosis.  

 
JPC Comment:   
The final case of this conference was descrip-
tively rewarding for participants. The pres-
ence of brain and lung on the same slide from 
a young animal prompted many to immedi-
ately favor small ruminant lentiviruses, 
though there were several features of this 
case that were perplexing given the age of 
this animal. Foremost, the degree of alveolar 
proteinosis is marked, reflecting significant 
dysfunction of pulmonary macrophages. 
Given that these viruses utilize monocyte 
precursors both as a reservoir and means of 
trafficking virus to naïve tissue macro-
phages,11 we considered whether this might 
reflect coinfection (CAEV and OPP) and/or a 
distinct viral subtype that is more virulent. In 
theory, only few monocyte precursors retain 
lentivirus (i.e. susceptible but not permissive 
to viral replication) and it should take time to 
develop histiocytic interstitial pneumonia.  

As the contributor notes, pneumonia is a 
more common finding in older animals (re-
flecting this notion) and is rarer in goats. It is 
likely that the goat kids in this case were sec-
ondarily infected with another agent that aug-
mented monocyte recruitment and subse-
quent tissue macrophage activation and cyto-
kine production that hampered surfactant 
handling.11 Notably, there is BALT hyper-
plasia present which is suggestive of Myco-
plasma infection (or at least marked antigen 
presentation) which aligns with bacterial cul-

ture results and the airway-specific histologi-
cal changes. For his reason, we separated this 
secondary bronchopneumonia out as a dis-
tinct morphologic diagnosis.  

Dr. Highland concluded the conference dis-
cussion reminding participants about chal-
lenges in testing for small ruminant lentivi-
ruses and emphasized that young animals 
with few infected monocytes may be sero-
negative or below detection limits of given 
assays. In larger goat herds and sheep flocks, 
the cost of serial testing presents a significant 
economic roadblock for controlling or eradi-
cating these diseases. 
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CASE I:   
 
Signalment:  
2-year-old male white-faced saki monkey 
(Pithecia pithecia) 

 
History: 
A privately owned 2-year-old male white-
faced saki monkey (Pithecia pithecia) was 
brought to the University of Tennessee Col-
lege of Veterinary Medicine’s zoo medicine 
service for hindlimb lameness. Radiographs 
identified generalized osteopenia and a fold-
ing fracture of the right tibia. The monkey 
had been housed exclusively indoors since 
birth. 

 

Hindlimb, monkey: There is a midshaft fracture of the 
tibia.  (Photo courtesy of:  University of Tennessee College 
of Veterinary Medicine, https://vetmed.tennessee.edu/) 

 
Gross Pathology:  
Midway along the tibial diaphysis of the right 
hindlimb, approximately 5.5 cm distal to the 
stifle, was a 3 cm in diameter, circumferen-
tial, white, firm, boney proliferation (callus). 
The tibia and fibula immediately distal to the 
callus were bent and directed approximately 
70 degrees caudally. 

On cut section, there was a 2 cm diameter 
rim of periosteum, skeletal muscle, and sub-
cutis immediately surrounding the callus 
which was dark red to black (hemorrhage) 
and had a translucent yellow wet gelatinous 
appearance (edema). Bone marrow was dark 
red, soft, and floated in 10% neutral buffered 
formalin. 

 
Laboratory Results: 
A serum chemistry panel identified severely 
elevated alkaline phosphatase (ALP) at 4167 
u/L and mild hypocalcemia with 0.9 mmol/L 
ionized calcium.   

 
Microscopic Description:  
Right tibia: The cortical bone is thin, discon-
tinuous, and replaced by loose fibrovascular 
tissue (fibroplasia). Fragments of cortical 
bone are surrounded by fibrovascular tissue 
and segmentally lined by a single layer of os-
teoblasts or increased numbers of osteoclasts 
within Howship’s lacunae (resorption). There 
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are bands of thick fibrovascular tissue ex-
panding the periosteal and endosteal margins 
with frequent islands and irregular trabeculae 
of immature woven bone lined by osteo-
blasts. There is a focal complete cortical de-
fect and the long axes of bone are positioned 
at approximately 90 degrees (fracture). At the 
fracture site, cortical bone is surrounded and 
separated by the previously described fibro-
vascular connective tissue mixed with eryth-
rocytes transitioning to basophilic cartilagi-
nous matrix with chondrocytes and irregular 
trabeculae of woven bone. The marrow cav-
ity has approximately 50% cellularity with 
megakaryocytes, and erythroid and myeloid 
precursors of various developmental stages. 
A lightly basophilic myxomatous matrix ex-
tends into and surrounds adjacent skeletal 
muscle bundles which are frequently small 
and rounded (atrophy). 
 

Contributor’s Morphologic Diagnosis: 

Right tibia: Severe chronic diffuse fibrous os-
teodystrophy with a diaphyseal fracture and 
callus 

 
Contributor’s Comment: 
 

Contributing Institution:  
University of Tennessee College of Veteri-
nary Medicine  
2407 River Drive 
Knoxville, TN 37996 
https://vetmed.tennessee.edu/ 

This white-faced saki monkey (Pithecia pith-
ecia) had nutritional secondary hyperparathy-
roidism with fibrous osteodystrophy and a 

Tibia, monkey.  There is a midshaft diaphyseal fracture with callus formation.  The two ends of the bone are thicker than nor-
mal, and there is atrophy of the overlying skeletal muscle.  (HE, 8X) 
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pathologic tibial fracture. In this case, radio-
graphs also showed a generalized diffuse de-
crease in radiodensity of all bones, indicating 
osteopenia.  

Metabolic bone disease includes multiple 
morphologic entities which can occur in 
combination in the same individual. These in-
clude rickets, osteomalacia, osteoporosis, and 
fibrous osteodystrophy, all caused by defi-
ciencies or imbalances in vitamin D, calcium, 
and/or phosphorous.1  
 
Fibrous osteodystrophy is characterized by 
extensive bone resorption, proliferation of fi-
brous tissue, and the formation of poorly 
mineralized immature bone.1 The pathogene-
sis includes an elevation of parathyroid hor-
mone (PTH) which may be caused by pri-
mary hyperparathyroidism, secondary hy-
perparathyroidism, or hypercalcemia of ma-
lignancy. Primary hyperparathyroidism may 
be caused by a functional parathyroid neo-
plasm (adenoma or adenocarcinoma) and sec-
ondary hyperparathyroidism may be caused 
by either renal disease or nutritional imbal-
ances of calcium, phosphorous, and/or vita-
min D.   
 
Vitamin D may be obtained from the diet and 
radiation of the skin with ultraviolet light. 
Metabolic bone disease is not uncommon in 
privately owned non-human primates, as 
their diets may be inadequately balanced, 

they often receive insufficient exposure to ul-
traviolet light, and lack supplementation of 
their diet with vitamin D3 (cholecalciferol).3 

New World monkeys have specific vitamin D 
requirements to maintain serum calcium lev-
els and are thus exquisitely sensitive to cal-
cium and vitamin D deficiencies.5 A lack of 
exposure to ultraviolet light impedes the con-
version of 7-dehydrocholesterol in the skin to 
pre-vitamin D3.4 Pre-vitamin D3 is then 
isomerized to vitamin D3 (cholecalciferol). 
Forms of vitamin D from the diet and skin 
undergo hydroxylation in the liver, forming 
25-hydroxycholecalciferol or 25-hydroxyvit-
amin D [25(OH)D], which is the form of vit-
amin D in the circulation. This is then hy-
droxylated in the kidney by 1α-hydroxylase 
to form calcitriol (1, 25-dihydroxyvitamin 
D), the metabolically active form of vitamin 
D.2   
 
Although the diet is unknown, the history of 
being housed exclusively indoors likely led 
to vitamin D deficiency and nutritional hy-
perparathyroidism in this monkey. The para-
thyroids had diffuse chief cell hyperplasia 
consistent with secondary hyperparathyroid-
ism. There was no clinical, gross, or histo-
logic evidence of renal disease. 

 
JPC Morphologic Diagnosis:  1. Long bone:  
Osteoclast-mediated bone resorption, 

 

Tibia, monkey.  The cortical bone is no longer compacted, 
resorbed, and is infiltrate by abundant densely cellular fi-
brous connective tissue. (HE, 95X) 

Tibia, monkey.  The cortical bone is no longer compacted, 
resorbed, and is infiltrate by abundant densely cellular fi-
brous connective tissue. (HE, 95X) 
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marked, with cortical fibrosis, pathologic 
fracture, and callus.  

2. Skeletal muscle: Atrophy, multifocal, 
marked. 

JPC Comment: This week’s moderator was 
Dr. Brian Murphy from the University of 
California at Davis, who selected four bone 
and oral pathology-centered cases to dazzle 
conference participants. This first case is 
beautifully sectioned with a characteristic 
gross photo that drew an audible reaction 
from the group. Participants discussed meta-
bolic bone disease at length with Dr. Murphy 
and used slide features to draw inferences 
which we faithfully attempt to capture below. 

Foremost, evaluation of bone should start 
first from subgross magnification. While we 
approach all of our descriptions in this man-
ner, Dr. Murphy emphasized the importance 
of a careful survey of the cortex, periosteum, 
endosteum, marrow elements, and surround-
ing tissue before jumping to higher magnifi-
cations. Likewise, evaluation of bone AL-
WAYS requires radiographs and a detailed 
clinical history to support interpretation. In 
this case, the presence of a large, well-devel-

oped callus is helpfully centered by the con-
tributor and provides a clue for the apparent 
right-angle turn in the direction of the bone. 
That said, the callus is the effect and not the 
cause of the lesion in this saki monkey (alt-
hough it is impressive). Evaluation of adja-
cent cortical bone reveals the answer, in that 
it is both wide and lytic with the presence of 
numerous osteoclasts and fibrous tissue – 
these features together yield the diagnosis of 
fibrous osteodystrophy. Dr. Murphy noted 
that in chronic cases, the presence of osteo-
clasts may be minimal or absent, though the 
diagnosis can still be made. The atrophy of 
skeletal muscle in this case is also distinctive 
and is itself another effect – we considered 
the possibility of both disuse and abnormal 
weight-bearing as contributory factors. 

In addition, evaluation of metabolic bone dis-
ease can reveal multiple concurrent processes 
with overlapping histologic features which 
the pathologist should expect. In young ani-
mals, fibrous osteodystrophy can co-exist 
with rickets,  which warrants consideration of 
the physis for disorganization and expansion 
of the zone of hypertrophy as well as evalua-
tion of the metaphysis for unmineralized os-
teoid.1 The cortex is generally thickened with 
unmineralized osteoid along the periosteum. 
In adult animals, osteomalacia also reflects 
inability to mineralize osteoid, but there is no 

Tibia, monkey.  There is a folding fracture of the tibial diaph-
ysis, with periosteal new bone trabeculae oriented perpen-
dicular to the surface of the bone, callus formation with 
abundant fibrous connective tissue and islands of cartilage, 
and fibrosis an and atrophy of the overlying skeletal muscle. 
(HE, 22X) 

 

Tibia, monkey.  Above the fracture site, the periosteum is 
markedly thickened and hypercellular and the skeletal 
muscle is atrophic and infiltrated by abundant cellular fi-
brous connective tissue. (HE, 87X) 
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open physis to consider. There may be de-
creased numbers of thin bony trabeculae 
and/or cortical thinning.1 Osteoporosis (a 
clinical syndrome reflecting pain, lameness, 
and/or bony deformation) may also be super-
imposed on cases of metabolic bone disease 
due to microfracture and infraction (fracture 
without cortical displacement) of bone. Be-
fore rendering a final diagnosis, it is helpful 
to summarize all associated slide features and 
weigh whether one or more processes is oc-
curring that could explain the constellation of 
histologic signs.  
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CASE II:  

 
Signalment:  

A 7-year-old spayed male domestic shorthair 
cat (Felis silvestris catus) 

 
History: 

A 7-year-old, spayed male domestic shorthair 
cat, weighing 4.65 kg (body condition score: 
5/9), regularly vaccinated and living indoor, 
was presented to the Veterinary Clinic for 
evaluation of grade III lameness in the right 
forelimb. The owner reported that the lame-
ness was observed for a few days following a 
trauma. Upon presentation, the cat was bright 
and alert, but exhibited an aggressive behav-
iour. Physical examination revealed no abnor-
malities, muscular asymmetry or atrophy were 
not observed in the forelimbs. The orthopaedic 
examination indicated moderate pain reaction 

Humerus, cat:   Radiographs reveal a focally expansile le-
sion and bone lysis in the right third proximal humerus 
with evident thinning of the cortical bone extending to-
wards the diaphysis. (Photo courtesy of Department of 
Comparative Biomedicine and Food Science, Viale dell’Uni-
versità 15, 35020, Legnaro (PD), Italy; 
https://www.bca.unipd.it/) 

462

https://www.bca.unipd.it/


6 
 

upon palpation of the proximal humeral epiph-
ysis and scapulo-humeral joint. The neurolog-
ical examination was unremarkable. Under 
anaesthesia, radiography revealed a focally 
expansile lesion and bone lysis in the right 
third proximal humerus with evident thinning 
of the cortical bone extending towards the di-
aphysis. There was mild focal periosteal reac-
tivity. The lesion was compartmentalized by 
trabeculae traversing an area of radiolucency, 
resulting in a mild “soap bubble” appearance. 
Soft tissue swelling was also observed overly-
ing the region adjacent to the humeral lesion. 

Chest and contralateral limbs X-rays were 
within normal limits. Ultrasound study of ad-
jacent axillary and superficial cervical lymph 
nodes was also within normal limits. 

Fine-needle aspiration (FNA) was performed 
on the bone lesion. The needle easily pene-

trated the cortical bone into the medullary ca-
nal. Cytologic evaluation of FNA revealed 
hemo-diluted cytological samples with mild 
cellularity, primarily consisting of haemato-
poietic elements, small lymphocytes and oc-
casional small aggregates of round to spindle 
cells with indistinct cells borders and abun-
dant, basophilic cytoplasm, with oval nuclei, 
reticular chromatin and prominent nucleoli 
(figures 3 and 4). The anisocytosis and aniso-
karyosis were moderate. Finally, rare foamy 
macrophages were observed.                                                                                      

The cytological diagnosis indicated bone mar-
row contamination due to the sampling proce-
dure. The presence of occasional mesenchy-
mal elements with moderate atypia could sug-
gest a sarcomatous origin of the lesion, for 
which histopathological confirmation was rec-
ommended.  

Humerus, cat:  Three transverse sections of the humerus are submitted for examination.  In each section, the medulla is ef-
faced by large blood filled spaces.  There is marked periosteal new bone growth in 2/3 sections.  (HE, 6X) 
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The owner declined the biopsy procedure and 
provided informed consent for the amputation 
with scapulectomy and axillary lymph node 
dissection.  

 

Gross Pathology:  

Grossly, an expansile, raised, round nodular 
lesion measuring about 18 x 12 x 10 mm was 
present on the third lateral superior proximal 
humerus. On the cut surface, a cavity full of 
blood was found within the centre of the bone, 
expanding the cortex, and internally septated, 
creating multiple hematic lacunae of variable 
sizes and cyst-like appearance. A mild peri-
ostal thickening, above the cystic lesion was 
observed. The joints were unremarkable, and 
no masses were present in the surrounding soft 
tissue. 

 

 

Microscopic Description:  

Bone and soft tissue from the periphery of the 
right proximal humerus. Affecting 70% of the 
sections and located eccentrically in the bone 
cavity, involving the medullary cavity, and ex-
tending into the cortex, a round, well-demar-
cated, non-infiltrative, non-capsulated mass 
composed of multiple blood-filled spaces of 
variable sizes is observed, measuring about 15 
x 10 x 8 mm. These spaces contain numerous 
extravasated red blood cells admixed with eo-
sinophilic, fibrillar, material (fibrin), eosino-
philic amorphous material (serous) and are 
well delimited by septa of variable thickness 
leaning on spicules of bone (fig. 5). The septa 
are composed of moderately cellular prolifer-
ation characterized by spindle cells with min-
imal atypia (possible fibrovascular prolifera-
tion), multifocally arranged in solid areas (fig. 
6). Admixed, mild to moderate proliferation of 

Humerus, cat:  Blood-filled spaces are separated by fibrous septa which contains variable combinations and concentrations of 
hemorrhage, siderophages, mixed inflammation, fibroblasts and dense collagen (HE, 381X). 
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round to oval cells with moderate, eosino-
philic, cytoplasm and an eccentric, round, nu-
cleus (possibly osteoblasts, fig. 7) was no-
ticed. Scattered osteoclasts and foamy macro-
phages with abundant, pink to yellow-brown 
cytoplasm (hemosiderophages) are observed. 
The trabecular bone affected by the cystic 
mass shows, multifocally, irregular margins 
with shallow pits (Howship’s lacunae) occa-
sionally associated with osteoclasts (bone re-
sorption). The rest of bone shows tinctorial al-
terations, from intense to pale eosinophilic 
matrix, in which randomly scalloped lines 
could be observed (new bone deposition). The 
periosteum appears highly cellular (reactive) 
while, multifocally, a mild inflammatory infil-
trate composed of lymphocytes, plasma cells 
and rare hemosiderophages is evident. The 
surrounding skeletal myofibers are separated 
by optically empty material (edema) and occa-
sionally show a decreased diameter (mild at-
rophy).  

 

Contributor’s Morphologic Diagnosis: Hu-
merus: Focal, monolateral, aneurysmal bone 
cyst with bone remodelling  

Contributor’s Comment: Aneurysmal bone 
cysts (ABCs) are benign, locally expanding 
bone masses, containing numerous blood-
filled or serosanguineous fluid-filled spaces, 

not usually lined by endothelium, located be-
tween bone trabeculae.8,11 Adjacent tissue to 
the spaces can vary from well-differentiated 
fibrous or fibro-osseous tissue to pronounced 
proliferation of undifferentiated mesenchymal 
cells admixed with osteoclast-like multinucle-
ated giant cells. ABCs are often locally ag-
gressive, tending to cause lytic bone lesions12 
and destruction of the inner cortical bone lay-
ers during expansion.8 Haemorrhages and he-
mosiderosis are frequent.8  

The causes and pathogenesis of ABCs remain 
unknown;8 however, they could be conse-
quences of ischemic necrosis, haemorrhage, 
disruption or shunting of intramedullary blood 
vessels, or congenital/acquired vascular mal-
formations.8,11  Local alteration in blood flow 
has also been thought to play a role.3 Increased 
venous pressure may occur secondary to 
trauma or a tumor, resulting in dilation of the 
vascular bed and subsequent erosion of bone.3 
 
ABCs have been reported rarely in dogs, cats, 
horses, and cattle,3 predominantly occurring 
in the flat bones of the axial11 and appendicu-
lar skeleton.3 Limited cases are reported in an-
imals to establish age or site prevalence.3 In 
cats, ABCs have been described in the scap-
ula,1,5 pelvis, 9,12 metatarsal bone,7 humerus,4 
and rib.2 Radiographically, ABCs appear as 
expansile, osteolytic lesions contained by a 
thin, “ballooned” periosteum with an internal 
“soap-bubble” appearance caused by internal 
septa. Grossly, ABCs resemble benign bone 
cysts, telangiectatic osteosarcoma, and he-
mangiosarcoma.3 ABCs typically exude blood 
from the cut surface, and may contain solid ar-
eas in addition to multiple blood-filled cysts 
(multiloculated3). Pathologic fracture may be 
present.3 Complete resection is the treatment 
of choice when possible, and carries a favour-
able prognosis.12 Other treatment options in-
clude surgical curettage with bone grafting, 
and radiation therapy.11 Recurrence after com-
plete surgical excision of the aneurysmal bone 

Humerus, cat:  In 2/3 sections, the cortical bone is thinned, 
and there are anastomosing trabeculae of periosteal new 
bone arising from the hypercellular periosteum.  (HE, 
381X) 
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cyst (ABC) has not been reported in animals. 
However, malignant transformation of an an-
eurysmal bone cyst to a chondrosarcoma has 
been reported in a dog.3 In humans, ABC is 
now considered as a benign locally destructive 
bone neoplasm.6 
 
ABCs must be differentiated from both benign 
and malignant lesions,10 such as unicameral 
bone cyst (UBC),12 osteosarcoma, hemangio-
sarcoma, fibrosarcoma, and plasma cell mye-
loma.3 One of the major histologic differential 
diagnosis is telangiectatic osteosarcoma.1,10 
However, we excluded it because nuclear ple-
omorphism and a high mitotic rate were not 
features of mesenchymal/associated cells in 
our case. For the same reason, we have ex-
cluded fibrosarcoma, plasma cell myeloma, 
and hemangiosarcoma. Moreover, we have 
excluded UBC because it is unicameral, while 
ABCs are multiloculated3 as in our case. Fi-
nally, fungal infection and osteomyelitis were 
ruled out due to negative Periodic acid–Schiff 
(PAS) staining and the very mild inflamma-
tory infiltration. Indeed, acute osteomyelitis 
are characterized by the presence of fibrin and 
a dense population of neutrophils and necrotic 
cells in the primary spongiosa while the pres-
ence of neutrophils and plasma cells within the 
reactive bone and connective tissue supports a 
diagnosis of chronic osteomyelitis,3 all fea-
tures not detected in our case. 
 
 

Contributing Institution:  
Department of Comparative Biomedicine and 
Food Science, Viale dell’Università 15, 
35020, Legnaro (PD), Italy; 
https://www.bca.unipd.it/ 

 
JPC Morphologic Diagnosis:  Long bone:  
Simple bone cyst (pseudocyst). 

JPC Comment: We greatly appreciate that 
the contributor of this second case included 

radiographs and accompanying cytology to 
support case discussion. Although anatomic 
pathologists may feel some discomfort in in-
terpretating radiographs, the group (and Dr. 
Murphy) felt it was important to maintain 
basic competency in recognizing and describ-
ing bony changes and using this information 
to enhance slide evaluation. We agree with 
the radiologic assessment of bony lysis with 
at best a mild periosteal reaction in this case, 
and not an aggressive lesion, which typically 
combines both bony proliferation and lysis. 

Evaluation of this slide provides some chal-
lenge due to processing artifact, due to the 
large blood-filled spaces.  The composition 
and arrangement of spindle cells led some 
participants to promote the idea that this pro-
cess resembled a seroma forming within bone 
(i.e. a response to trauma). It is clear from the 
current literature that the genesis remains 
nebulous however.  

Lastly, it wouldn’t be Wednesday Slide Con-
ference without a good semantic argument 
and this case offered a perfect minor quibble 
to occupy at least 5 minutes. While the term 
“aneurysmal bone cyst” is well established in 
the veterinary literature, it is also worth men-
tioning that this is itself a misnomer as there 
is no lining epithelium present. As such, an-
eurysmal bone pseudocyst probably is more 
appropriate to the lesion, but we hate making 
the associated literature even harder to 
read/categorize. Dr. Murphy muddied the wa-
ters further by observing that human litera-
ture partially reserves aneurysmal bone cyst 
for cases with a known genetic component13 
– it is unclear if similar circumstances might 
apply to the cat in this case. We liked the 
safety of “simple bone cyst” as an umbrella 
term and the parallels to human nomencla-
ture, and ultimately combined the two in our 
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morphologic diagnosis (and eschewed “aneu-
rysm bone cyst” entirely. 
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CASE III:  

7 years old, female, domestic rabbit 
(Oryctolagus cuniculus)  

History: The animal presented with a swell-
ing of the left buccal region, and a firm nodu-
lar mass was identified, described as being in 

 
Cheek, rabbit:  Buccal/labial skin with embedded approxi-
mately ovoid neoplastic nodule. (Photo courtesy of:  Inter-
national Zoo Veterinary Group Pathology, 
https://www.izvg.co.uk/pathology/pabout.htm) 
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Cheek, rabbit:  Multiple sections of a neoplasm are submit-
ted for examination.  (HE, 8X) 

the lip (not obviously attached to the gin-
giva/bone). The submitting veterinary sur-
geon performed an incisional biopsy and a 
single piece of tissue was submitted for histo-
pathologic examination. Following initial di-
agnosis, further surgery was undertaken to re-
move the lesion in its entirety, attached to a 
small areas of surrounding buccal/labial skin. 

 

Gross Pathology: The resection specimen 
was an irregularly ovoid firm nodule (ap-
proximately 30 x 25 x 18 mm greatest dimen-
sions) attached to a piece of haired skin (Fig. 
1). Incision revealed a relatively well-circum-
scribed non-encapsulated nodule, with firm 
to hard, slightly gritty to chalky, grey, cream, 
and tan mottled cut surfaces (Fig. 2). The le-
sion required overnight decalcification prior 
to histological processing. 

 

Laboratory Results: 
N/A 
 

Microscopic Description:  
Buccal skin:  The lesion comprises a rela-
tively well circumscribed non-encapsulated 
nodular neoplasm expanding within haired 
skin which forms the lateral margins. The ne-
oplasm is composed of interconnecting is- 

1Cheek, rabbit: The neoplasm is composed of thick anastomosing trabeculae of palisading epithelium resembling odontogenic 
epithelium surrounding loosely arrange mesenchyme reminiscent of dental pulp. (HE, 181X) 
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lands and cords of odontogenic epithelium. 
Odontogenic epithelium is characterized by 
peripheral palisading of epithelial cells which 
have apical nuclei and basal cytoplasmic 
clearing and central cells which are separated 
by prominent stellate bridges (Fig. 3). Intra-
cytoplasmic melanin granules are a variable 
feature within this cellular population, multi-
focally throughout the lesion. Cellular pleo-
morphism is moderate. Mitoses range from 0-
1 per HPF (per 40x objective), with moderate 
anisocytosis and anisokaryosis. Odontogenic 
epithelia frequently form concentric nodules 
(somewhat reminiscent of Pacinian corpus-
cles, Fig. 3 arrow) and there are areas of slen-
der anastomosing ribbons. Multifocally, there 
are cystic structures partially or predomi-
nantly lined by palisading odontogenic epi-
thelium which contain dyskeratotic hyperker-
atotic debris (Fig. 4). Stratified squamous ep-
ithelium with para- and orthokeratotic hyper-
keratosis lines further cystic structures, form-
ing an extensive central area of invagination 

within the neoplasm with coalescent columns 
of squamous epithelial cells and cystic accu-
mulations of orthokeratotic and parakeratotic 
debris (Fig. 5). Some of these cystic areas 
have substantial amounts of heterophilic in-
flammation with epithelial erosion and ulcer-
ation and inflammation extending into the 
subjacent neoplastic populations. Fragments 
of mucinous salivary gland are present in the 
deeper connective tissues (consistent with 
minor salivary gland/buccal origin). The ba-
sal margin of resection comprises com-
pressed striated muscle fibers, including 
atrophic and regenerative fibers, adipocytes, 
and varying amounts of fibrosis. 

Contributor’s Morphologic Diagnosis:  
Keratoameloblastoma (keratinizing 
acanthomatous epulis), with focal squamous 
differentiation, buccal skin. 
Contributor’s Comment: Histological fea-
tures are consistent with ameloblastoma, a 
rare neoplastic entity in rabbits, which has 
only been described in recent years (since 

2Cheek, rabbit:  High magnification of neoplastic epithelium.   (HE, 750X) 
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2009). In total only twelve cases have been 
described in the literature.1-7 According to 
one recent study of odontogenic neoplasms 
the prevalence of ameloblastoma in rabbits is 
around 0.24%.3 As in other domestic species, 
these are locally aggressive neoplasms and 
although they are not considered to carry a 
metastatic risk, they often invade underlying 
tissues (including alveolar bone) resulting in 
loss of teeth. Maxillary and mandibular 
origin have both been described. However, 
not all typical cases are apparently associated 
with the cutaneous or mucosal epithelium on 
clinical inspection, and subcutaneous origin 
(external to the buccal musculature) has also 
been described. This may be pertinent to buc-
cal/labial location in this case. Although evi-
dence suggests that these odontogenic-like 
tumors of the rabbit cheek may be derived 
from ectopic rests of transformed tooth germ, 
the histogenesis of these lesions remains un-
resolved.2 

If ameloblastomas are therapeutically irradi-
ated, other malignancies including squamous 
cell carcinoma, fibrosarcoma and osteosar-
coma have been reported to occur, in some 
cases several months to years following treat-
ment, in other domestic species.8 
 
Keratoameloblastoma is an uncommon histo-
logic subtype (n=2) amongst the twelve ame-
loblastoma-like lesions recorded in rabbits to 
date. This subtype is characterized by keratin 
formation by ameloblastic epithelium and has 
also been identified as a rare entity in the hu-
man literature.9 Squamous differentiation 
(differentiation of neoplastic epithelium to-
wards a keratinizing squamous epithelial phe-
notype, rather than keratinization arising 
from ameloblastic cells) has also been rec-
orded in ameloblastoma in rabbit. Whether 
this has any prognostic significance has not 
yet been evaluated. 
 

Contributing Institution:  
International Zoo Veterinary Group Pathol-
ogy 
Station House, Parkwood Street 
Keighley 
West Yorkshire 
United Kingdom 
BD21 4NQ 
https://www.izvg.co.uk/pathol-
ogy/pabout.htm 
 
JPC Morphologic Diagnosis:  Haired skin: 
Ameloblastoma. 

JPC Comment: This third case presented a 
bit of a conundrum for the group. While the 
neoplasm description is straightforward, plac-
ing an ameloblastoma in the cheek and/or lip 
without an apparent source of dental germi-
nal epithelium led us to further explore the 
idea of an ectopic ameloblastoma (see refer-
ence #2 below) or back off this interpretation 
and use the qualifier of “ameloblastoma-like” 
to allow for the possibility of another cell of 
origin. Other similar neoplasms that could 
mimic ameloblastoma due to overlapping 
features include trichoblastoma (to include 
“adamantanoid” trichoblastoma) and basal 
cell adenoma.2 The presence of pigment 
within neoplastic cells is also not typical of 
ameloblastoma but is a common finding in 
follicular tumors which gives some credence 
to the latter theory of this case.  

/Cheek, rabbit: The overlying epithelium is markedly hyper-
plastic and hyperkeratotic.   (HE, 28X) 
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Cheek, rabbit: Higher magnification of keratinizing epithe-
lium with lamellar keratin and ghost cells. (HE, 205X) 

Dr. Murphy reviewed the Vickers-Gorlin cri-
teria10 for diagnosis of ameloblastoma which 
include hyperchromatic basal cell nuclei, bas-
ilar cell palisading and antibasilar nuclear lo-
cation, and cytoplasmic vacuolation. We also 
note the prominent, thickened rim (subepithe-
lial band) of hyalinized collagen that blends 
with the basement membrane (colloquially 
the Vickers-Gorlin change or Vickers-Gorlin 
effect2) though whether this is a consistent or 
useful feature of rabbit ameloblastomas was 
not determined by our discussion.  

We also discussed the architectural contrast 
between the deeper portion of this neoplasm 
necrotic, ulcerated surface and the multifocal 
keratinization present at the surface. The con-
tributor lays the case nicely for considering 
keratoameloblastoma. The most recent WHO 
classification of benign odontogenic tumors 
makes no mention of this entity however,9 
which reflects the need to learn more. One 
aspect of the slide that conforms to keratoa-
meloblastoma that might be overlooked is the 
abundant dystrophic mineralization of keratin 
– this is also noted radiographically in more 
advanced/pronounced human cases.9 
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CASE IV:  

 
Signalment: 7 year, spayed female, giant 
schnauzer, Canis familiaris  

 

History: This dog presented to the Univer-
sity of Wisconsin-Madison Veterinary Care 
for evaluation of an oral mass that was first 
noted 2 months prior to presentation.  Physi-
cal exam revealed a pink, irregular mass at 
the gingiva between teeth 101-102. Com-
puted tomography revealed marked osteoly-
sis of the maxilla associated with the mass 
and enlarged mandibular and cervical lymph 
nodes, with no other signs of metastatic dis-
ease. A partial maxillectomy was performed 

and the maxilla was submitted for histologic 
examination.  

 

Gross Pathology: The tissue sample submit-
ted for histologic examination consisted of a 
section of right maxilla including teeth 101-
104 and 201. A 0.4 x 1.2 x 1.8 cm pink, soft, 
exophytic mass expanded the gingiva dorsal 
to teeth 101-103 and extended to the rostral 
hard palate. The specimen was decalcified 
prior to sectioning. 

 

Laboratory Results: A fine needle aspirate 
and cytology of the enlarged lymph nodes 
was diagnosed as consistent with lymphoid 
hyperplasia. A complete blood count was un-
remarkable. Serum biochemical abnormali-
ties included globulins 3.9 g/dL (2.2-3.5), 
AST 82 U/L (21-53), ALT 227 U/L (4-87), 
cholesterol 487 mg/dL (149-319), and tri-
glycerides 261 mg/dL (32-190). 

 

Microscopic Description: Gingiva. Arising 
from and markedly expanding the hyperplas-
tic gingival epithelium and infiltrating the 
subepithelial stroma and alveolar bone is an 
unencapsulated, poorly demarcated, densely 
cellular exophytic and invasive mass. The 
mass is composed of neoplastic epithelial 
cells forming papilliferous projections into 
the oral cavity supported by a fibrovascular 
stalk and extending deep to the basement 
membrane to form nests and trabeculae sup-
ported by a moderate amount of fibrovascular 
stroma. Neoplastic cells are polygonal with 
distinct cell borders and often prominent in-
tercellular bridges, abundant pale to brightly Gingiva, dog:  A section of gingiva with an infiltrative 

cystic and proliferative neoplasm is submitted for exami-
nation. The neoplasm forms papillary fronds extending 
from the gingiva (HE, 8X) 
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eosinophilic cytoplasm, a round to oval nu-
cleus, finely stippled chromatin, and up to six 
prominent magenta nucleoli. Anisocytosis 
and anisokaryosis are marked, there is occa-
sional binucleation, and mitoses range from 
2-4 per high-powered field (0.237 mm2). 
There is frequent individual cell necrosis and 
larger foci of central necrosis and vacuolation 
containing eosinophilic and karyorrhectic de-
bris and neutrophils. The superficial stroma 

supporting the exophytic mass and its stalk 
are moderately expanded by clear space 
(edema) that contains small numbers of neu-
trophils and macrophages, and the deeper 
stroma is expanded by multifocal and coa-
lescing regions of hemorrhage and small to 
moderate numbers of neutrophils that encir-
cle and infiltrate the lobules of neoplastic 
cells. In regions of alveolar bone invasion, 
the margins of remaining bone are scalloped 
and occasionally lined by osteoclasts within 
Howship’s lacunae, and the affected bone 
contains multiple resting and reversal lines. 
In more severely affected regions, irregular 
trabeculae of pale woven bone are deposited 
on the pre-existing bone and are lined by 
plump osteoblasts.  

 

Contributor’s Morphologic Diagnosis: 

Gingiva: Papillary squamous cell carcinoma 

Gingiva, dog:  The neoplasm extends outward from the 
gingival surface, forming both a wide based front (left) or 
long papillary fronds.  (HE, 22X) 

3Gingiva, dog:  Neoplastic squamous epithelium demonstrates a wide base with an intact basement membrane, a lack of matu-
ration, as well as large nuclei with prominent   (HE, 181X) 
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Contributor’s Comment: This case was di-
agnosed as a papillary squamous cell carci-
noma (PSCC) arising from the gingival epi-
thelium. PSCC is a subtype of oral SCC 
based on a classification scheme defined by 
the World Health Organization.1 In one retro-
spective study on canine oral SCC, PSCC 
comprised 6% of cases, compared to the 
more common conventional subtype which 
represented 82% of cases.9 Other subtypes of 
oral SCC that have been defined in dogs in-
clude basaloid, verrucous, adenosquamous, 
and spindle cell.1,9 At this time, subtyping is 
not routinely performed and it is unclear if 
there is an association between subtype and 
biologic behavior. In humans, PSCC tends to 
demonstrate local confinement and more fea-
sible excision, and thus is associated with a 
more favorable prognosis.1 

PSCC is differentiated from conventional 
SCC by the presence of neoplastic epithelial 
cells forming papillary fronds into the oral 
cavity, in addition to infiltrating the basement 
membrane into the subjacent stroma. Inva-
sion beyond the basement membrane and ke-
ratinization can be minimal with this subtype, 
thus complicating the diagnosis in some 
cases.7,8 Other histologic features that may be 
seen with PSCCs include degeneration of ap-
ical neoplastic cells and abundant intraepithe-
lial neutrophils.7 PSCCs can also occur as an 
intraosseous cavitated cyst within the bone 
(cavitating pattern), as opposed to the non-

cavitating pattern featured in this case.7,8 
Similar to this case, PSCCs appear to have a 
predilection for the gingiva of the dentate 
jaws, with the majority occurring on the ros-
tral aspect.9,10  
 
Risk factors for development of oral PSCC 
are not well-defined. This neoplasm has been 
primarily documented in young dogs,2,11 
however multiple reports have shown that 
this subtype additionally affects adult and 
aged dogs, similar to this case.9,10 While pap-
illomavirus infection has been associated 
with oral SCC in humans and cutaneous SCC 
in dogs, studies exploring the association be-
tween canine oral SCC and papillomavirus 
infection have not demonstrated a similar re-
lationship.1, 3-5 Further, there is no evidence 
at this time that canine PSCC represents pro-
gression of an oral squamous papilloma.  
 
Differential diagnoses in this anatomic loca-
tion in dogs include canine acanthomatous 
ameloblastoma (CAA), oral squamous papil-
loma, and viral papillomas. CAA is differen-
tiated from PSCC by the lack of characteris-
tic papillary formations and by the presence 
of neoplastic odontogenic epithelium and 
stroma resembling periodontal ligament. 
While PSCC can macroscopically resemble 
oral squamous papilloma or viral papilloma, 

Gingiva, dog:  High magnification of neoplastic squamous 
epithelial cells.   (HE, 965X) 

4Gingiva, dog:  Nests of neoplastic cells infiltrate the un-
derlying alveolar bone.  There is central necrosis within 
some of the larger nests.   (HE, 72X) 
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both entities can be histologically differenti-
ated from PSCC by the confinement of neo-
plastic epithelial cells to the basement mem-
brane and lack of cytopathic effects (for viral 
papillomas).6  
 
 

Contributing Institution: 
University of Wisconsin 
School of Veterinary Medicine 
Department of Pathobiological Sciences 
2015 Linden Drive 
Madison, WI 53706 

JPC Morphologic Diagnosis:  Gingiva, inci-
sive bone, and incisor:  Papillary squamous 
cell carcinoma. 

 

JPC Comment: The final case of this con-
ference presents an interesting slide with a 
few subtle features to discover. Localization 
of this section to first or second incisor tooth 
is possible as the nasopalatine canal (incisive 
canal) is neatly outlined with a sickle of carti-
lage (lower right corner). Likewise, changes 
to the incisor tooth merit description as there 
is apparent lysis of dentin and repair as well 
as hypercementosis – we interpret the irregu-

lar shape and attachment of the tooth as a di-
rect reaction to the neoplasm. We appreciated 
having a full thickness cross-sectional view 
to discuss these changes as typical biopsy 
specimens of this neoplasm are largely super-
ficial.  

Conference participants agreed with the con-
tributor’s diagnosis of papillary SCC, though 
discussion of ancillary features and overlap 
with differential diagnoses still produced a 
fruitful discussion. The basic structure of this 
neoplasm is epithelial and we add salivary 
gland neoplasms as a consideration to the 
contributor’s differential list. CAA and papil-
lary SCC are the most similar, though come-
donecrosis (if present) is not consistent with 
CAA. We also noted several islands of epi-
thelial cells outlined by ribbons of eosino-
philic material that lacked osteocytes (dentin-
like) which prompted consideration of an 
odontoma. Other portions of the neoplasm 
contain woven bone and osteoidal matrix in-
duced by the neoplasm which could be con-
fused with osteosarcoma or osteoinductive 
squamous cell carcinoma in a more limited 
biopsy sample. Once again, the value of le-
sion location, radiographs, and a biopsy sam-
pling that includes the underlying invaded 
bone is critical for an accurate diagnosis.  
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CASE I:   
 
Signalment:  
120-day-old, male, commercial swine (Sus 
scrofa domesticus) 
 
History: 
Two growing-finishing farms in the Midwest 
region of Brazil experienced outbreaks of 
sudden death among pigs aged between 120 
and 130 days. The mortality rate ranged be-
tween 9% and 10% in the affected batches. 
Upon clinical examination, some pigs exhib-
ited nonspecific signs such as trembling, 
dyspnea, and squealing sounds shortly before 
death. Pigs from multiple pens of both sexes, 
especially the largest animals in the batch, 

 

Heart, pig:   On the cut surface of the myocardium, there 
were areas of pale tan discoloration ranging from 0.5-1 cm 
in diameter, sometimes coalescing, and more pronounced in 
the right and left ventricles. (Photo courtesy of Faculdade de 
Veterinária, Universidade Federal do Rio Grande do Sul, 
Setor de Patologia Veterinária, 
http://www.ufrgs.br/patologia). 

were affected. The antimicrobial and antipy-
retic treatment used did not yield any re-
sponse. Additionally, large numbers of black 
rats (Rattus rattus) were observed inhabiting 
the facilities during farm visits. The rodent 
control measures implemented on the farm 
were ineffective. 

 
Gross Pathology:  
At necropsy, major lesions were observed in 
the heart, which was enlarged and showed on 
the epicardial surface multifocal pale to 
slightly white areas, ranging from 0.5-1 cm in 
diameter, which extended through the myo-
cardium on the cut surface. These pale areas 
were more pronounced in the right and left 
ventricles, occasionally presenting a gritty 
texture. Mild hydropericardium and pulmo-
nary edema were also observed. 

 
Laboratory Results: 
RT-PCR: samples of liver, lymph node, and 
heart tested positive for Encephalomyocardi-
tis virus. Brain sample tested negative. 

 
Microscopic Description:  
Heart, left ventricle: in the myocardium, mul-
tifocally, there are areas of necrosis of the 
cardiomyocytes, characterized by hypereo-
sinophilia, loss of cellular detail, nuclear kar-
yolysis and pyknosis, associated with non-
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suppurative inflammation, composed of mac-
rophages, lymphocytes and plasma cells. This 
inflammatory infiltrate frequently replaces 
the necrotic cardiomyocytes and infiltrates 
the myocardial interstitium. In some areas, 
there is deposition of intracytoplasmic baso-
philic granular material in necrotic cardiomy-
ocytes (highlighted by Von Kossa histochem-
istry - mineralization). Additionally, mild fi-
brous connective tissue proliferation is also 
present in the myocardial interstitium. 

 

Contributor’s Morphologic Diagnosis: 
Myocarditis, necrotizing and lymphoplasmo-
histiocytic, multifocal, moderate, with dys-
trophic mineralization. 

 
Contributor’s Comment: The Picornaviri-
dae family consists of small, non-enveloped, 
single-stranded RNA viruses, which include 
the Cardiovirus genus. Encephalomyocarditis 
virus (EMCV) is classified within the genus 
Cardiovirus, specifically as Cardiovirus A 
(the genus Cardiovirus comprises six species 
named A to F).5,9 

EMCV is cause of myocarditis in several 
wildlife species, including non-human pri-
mates, as well as domestic animals, particu-
larly swine, and humans.1,3,4,6,11 Although the 
name 'encephalomyocarditis' originates from 
the initial association of the virus with brain 
and cardiac lesions, encephalitis is not con-
sistently observed in natural EMCV infec-
tions in pigs.8,12 Encephalitis mainly occurs 
in experimental infections in mice and swine 
fetuses, whereas myocarditis is a frequent le-
sion in both natural and experimental infec-
tions.1,8,12  
 
Rats and mice serve as reservoir species for 
EMCV, spreading the virus and causing out-
breaks in susceptible animals.3,7,8 Several 
dead black rats (Rattus rattus) from the re-
ported farms were subjected to necropsy, re-
vealing positive RT-PCR results for EMCV 
in fecal samples. Accordingly, the presence 
of rodent infestation at the farms where the 
outbreak occurred indicates a failure of the 
control system and suggests rodents as poten-
tial reservoir and disseminator of EMCV in 
this report. On the other hand, EMCV infec-
tion is usually subclinical and may demon-
strate that recovered pigs play an important 

Heart, pig:   One section of ventricle is submitted for exami-
nation. Serpiginous areas of mineralization are evident at 
subgross magnification. (HE, 10X) 

Heart, pig.  Marked and multifocal inflammatory infiltrate is 
observed in the interstitium and dissecting cardiac fibers. 
(HE, 200X) (Photo courtesy of Faculdade de Veterinária, Uni-
versidade Federal do Rio Grande do Sul, Setor de Patologia 
Veterinária, Universidade Federal do Rio Grande do Sul, 
Setor de Patologia Veterinária, 
http://www.ufrgs.br/patologia). 
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role in the dissemination of EMCV. There-
fore, in addition to controlling rodents, it is 
crucial to identify subclinical animals for 
more effective disease control.2 
 
EMCV infection can result in characteristic 
myocardial lesions, with a pattern of viral 
myocarditis (non-suppurative inflammation), 
myocardial necrosis, and marked dystrophic 
mineralization which are clues for histo-
pathological diagnosis.8,12 However, some 
differential diagnoses should be considerate 
such as Aphthovirus infection, Parvovirus in-
fection, and vitamin E/selenium (VitE/Sel) 
deficiency.12,14 VitE/Sel deficiency is the 
most important differential diagnosis for 
commercial pigs and can also lead to cardiac 
mineralization patterns similar to those seen 
in EMCV infection. However, VitE/Sel defi-
ciency is more common in nursery pigs com-
pared to finishing pigs, and other lesions such 
as cardiac hemorrhages, hepatic necrosis, and 
muscular necrosis may be present in this con-
dition, which are useful for pathological dif-
ferentiation.10,12 Additionally, RT-PCR detec-
tion of EMCV is crucial to confirm the diag-
nosis.8 
 
In Brazil, the first occurrence of EMCV in 
pigs was reported in 1985 on a farrowing 

farm in the southern region, affecting one 
sow and resulting in the death of 9 out of 10 
piglets.13 After a 38-year gap with no further 
documented cases, an outbreak in growing-
finishing pigs occurred in 2023.8 The phylo-
genetic analysis of the VP1 gene from the 
EMCV identified in this outbreak, showed 
that the samples contained similar strains that 
had their closest relatives identified in hu-
mans in Peru.6,8 However, epidemiological, 
serological, and field studies on the distribu-
tion of EMCV in Brazil are limited, and more 
research is needed to understand the real im-
pact of EMCV. 
 
Contributing Institution:  

Faculdade de Veterinária 
Universidade Federal do Rio Grande do Sul 
Setor de Patologia Veterinária 
http://www.ufrgs.br/patologia 

 
JPC Morphologic Diagnosis: Heart, ventri-
cle:  Pancarditis, necrotizing and lymphohis-
tiocytic, monophasic, subacute, multifocal, 
marked. 

JPC Comment: This week’s moderator was 
Dr. Patty Pesavento from the University of 

Heart, pig.  The inflammatory infiltrate replaces necrotic 
cardiomyocytes and is composed of lymphocytes, plasma 
cells, and macrophages. Note necrotic cardiomyocytes 
(black arrows), characterized by loss of cellular details and 
cross striations, nuclear karyolysis and pyknosis.(HE, 400X) 
(Photo courtesy of Faculdade de Veterinária, Universidade 
Federal do Rio Grande do Sul, Setor de Patologia 
Veterinária, http://www.ufrgs.br/patologia). 

 

Heart, pig.  Necrotic cardiomyocytes showing deposition of in-
tracytoplasmic basophilic granular material (dystrophic min-
eralization). (HE, 200X) (Photo courtesy of Faculdade de Vet-
erinária, Universidade Federal do Rio Grande do Sul, Setor de 
Patologia Veterinária, http://www.ufrgs.br/patologia). 
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California-Davis, who explored viral and 
vascular pathology with conference partici-
pants. We enjoyed discussing this first case 
as its descriptive features reinforced the un-
derlying pathogenesis of EMCV. Dr. Pe-
savento’s first question to the group chal-
lenged them to consider the target cell for the 
virus – is it the myocyte or something else?  

The answer in this case is probably both. 
Prior research has shown that vascular cell 
adhesion molecule 1 (VCAM1) is the neces-
sary receptor for EMCV infection,16 though 
other sialylated surface glycoproteins may 
play a role depending on EMCV strain. Sup-
porting this interpretation of endothelial cells 
within capillaries being a target is the distri-
bution of changes across all layers of the 
heart (i.e. pancardial) and regionally distinc-
tive areas of necrosis and mineralization that 
are suggestive of damage to small-caliber 
blood vessels. A Movat’s pentachrome stain 
highlights that much of the increased clear 
space in section reflects edema versus fibro-
sis.  

We appreciate the contributors’ morphologic 
diagnosis and added a single modifier to 
qualify the necrosis as monophasic in this 
case. The dystrophic mineralization in this 
case is remarkable and we speculate that the 
punctate basophilic foci may represent miner-
alization of organelles (mitochondria) sec-
ondary to ATP depletion and calcium dysreg-
ulation. 

The contributor provides several good differ-
ential diagnoses for this case. Other im-
portant rule outs for porcine myocarditis 
(pancarditis) include porcine circovirus 2, 
porcine parvovirus, and toxin ingestion such 
as cottonseed (gossypol).12 Dr. Pesavento 
also noted two other important scenarios re-

lated to transmission of EMCV for partici-
pants to be aware of. As rodents are a com-
mon nuisance in zoological parks, they may 
contaminate feed and water with virus, or in 
select cases, be ingested directly by primates 
or other species.3 Finally, EMCV has been 
shown to persist within the porcine myocar-
dium, which presents an unusual hazard for 
xenotransplantation of hearts to cardiac pa-
tients.15 As recipients are highly immunosup-
pressed, the potential for subsequent permis-
sive replication and spread to the CNS lead-
ing to severe encephalitis should not be over-
looked. 
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CASE II:  

 
Signalment:  
3-week-old male Bulldog (Canis familiaris) 

 
History:  
The puppy was born by caesarean section and 
was from a litter of eight. At 18 days old it was 
found shaking, anorexic and lethargic and was 
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treated empirically with amoxicillin and dexa-
methasone. The puppy deteriorated and within 
48 hours was hospitalized and placed in an ox-
ygen tent. A serosanguinous nasal discharge 
and regurgitation of milk from the nose and 
mouth were present. The puppy was the sec-
ond of the litter to die; a third puppy was un-
well at the time this puppy was presented for 
postmortem examination. 

 
Gross Pathology:  
The 3-week-old male Bulldog puppy was in 
only adequate body condition (total body 
weight 735g). On external examination, a 
moderate amount of white fluid (milk) was 
present in the nasal passages. On internal ex-
amination, there were multifocal to coalesc-
ing petechial to ecchymotic hemorrhages 
throughout the renal cortex that on cut sur-
face extended into the renal parenchyma. The 
liver was diffusely pale and had multifocal 
petechial hemorrhages, and multifocal 1 mm 
pitted areas on the capsular surface. No other 
gross lesions were present elsewhere. 

Microscopic Description: 
Kidney: Affecting approximately 30% of the 
renal parenchyma, with lesions predomi-
nantly localized in the cortex, are multifocal 
randomly distributed foci of coagulative ne-
crosis characterized by tinctorial aberrations 
and retention of cellular architecture, with ac-
cumulations of cellular and karyorrhectic de-
bris admixed with haemorrhage, fibrin and 
edema. Renal tubular epithelial cells within 
these areas are degenerate with swollen, pale 
and vacuolated cytoplasm, or necrotic with 
hypereosinophilic cytoplasm and nuclear 
pyknosis and occasional sloughing into lu-
minal spaces. Rare 2-4 um eosinophilic, in-
tranuclear viral inclusions are present within 
renal tubular epithelial cells. Multifocally, 
glomeruli rarely display segmental necrosis, 
characterized by hypereosinophilia, loss of 
cellular detail and the presence of karyor-
rhectic debris. Visceral and parietal epithe-
lium are hypertrophied in affected glomeruli. 

Liver: Within the liver, there is multifocal ran-
dom hepatocellular necrosis, characterized by 
loss of normal architecture and replacement 
by cellular and karyorrhectic debris, hemor-
rhage and low numbers of neutrophils and 
macrophages. Rarely, hepatocytes adjacent to 

Kidney, puppy: There were multifocal to coalescing petechial 
to ecchymotic hemorrhages in the renal cortex that on cut 
surface extended into the renal parenchyma. (Photo cour-
tesy of:  Massey University School of Veterinary Science) 

Liver, puppy.  The liver was diffusely pale and had multifocal 
petechial hemorrhages, and multifocal 1 mm pitted areas 
on the capsular surface.  (Photo courtesy of:  Massey 
University School of Veterinary Science) 
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areas of necrosis have 2-4 um, eosinophilic in-
tranuclear viral inclusion bodies, which are 
surrounded by a clear halo and peripheralize 
nuclear chromatin. Periportal areas are mildly 
expanded by edema and low numbers of neu-
trophils and macrophages. Diffusely, small 
and medium arteriolar walls are moderately 
expanded by edema, with endothelial cells 
showing a spectrum of cell degeneration and 
necrosis including nuclear and cytoplasmic 
swelling, pyknosis, karyorrhexis and karyoly-
sis. 

 

Contributor’s Morphologic Diagnosis: 
Kidney: Severe, acute, multifocal, necro-
hemorrhagic nephritis with rare epithelial in-
tranuclear viral inclusions.  

Liver: Severe, acute, multifocal random, 
necrohemorrhagic hepatitis with rare epithe-
lial intranuclear viral inclusions and multifo-
cal arteriolar endothelial necrosis. 

 
Contributor’s Comment: The lesions in this 
case are consistent with acute infection with 
canine herpesvirus-1 (CaHV-1). CaHV-1 is an 
Alphaherpesvirus which infects both domestic 

and wild canids and was first described as a 
cause of neonatal puppy mortality in the 
1960s.2 It has a worldwide distribution and is 
antigenically similar to other Alphaherpesvi-
ruses of veterinary significance including fe-
line herpesvirus-1, phocid herpesvirus-1 and 
equine herpesvirus-1 and 4.2,4 

CaHV-1 is inactivated in temperatures over 
40oC (104oF) and is readily broken down in 
the environment. Neonatal puppies aged less 
than 3 weeks of age become infected through 
direct contact and inhalation or ingestion of in-
fected oronasal or genital secretions during 
passage through the birth canal, postnatal 
grooming by the dam or through contact with 
other shedding hosts including littermates.2,3,8 
Following exposure, it is thought that CaHV-
1 infects epithelial cells of the oropharynx and 
lymphocytes in the tonsils. Leukocyte traf-
ficking in lymphocytes spreads the virus sys-
temically, where it targets endothelial cells in-
discriminately and epithelial cells of several 
organ systems including the kidney, spleen, 
lung and liver.8 Gross lesions in neonates are 
considered diagnostic and include miliary ne-
crosis and petechial hemorrhages in multiple 
organs, particularly the kidneys.1,8 This is fur-
ther confirmed by demonstration of intranu-
clear viral inclusion bodies, though other rele-
vant diagnostic tests include virus isolation, 
immunofluorescence, and polymerase chain 
reaction.1 There may be pleural or peritoneal 
effusions, splenomegaly, lymphadenomegaly, 

Liver, kidney, puppy:  One section of liver and one of kidney 
are submitted for examination.  Areas of hepatic necrosis 
and renal hemorrhage are evidence at subgross magnifica-
tion.  (HE, 11X) 

Liver, puppy.  There are large areas of coagulative necrosis 
scattered randomly throughout the hepatic parenchyma.  
(HE, 301X) 
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and wet lungs with froth in the airways.7 This 
puppy also had a severe necrotizing broncho-
pneumonia with intranuclear inclusion bodies 
in the bronchiolar epithelial cells.  
 
Ocular lesions may not always be obvious if 
the affected puppy’s eyelids are not yet open 
(after 10-14 days) and include panuveitis, ret-
initis and optic neuritis. Puppies that survive 
infection may have blindness, cataracts, optic 
nerve atrophy, and retinal degeneration or dys-
plasia.3 Meningoencephalitis may also be 
seen, with lesions including multifocal glial 
nodules and cerebellar cortical necrosis with-
out significant inflammation.5 
 
An incubation period of 3-10 days is followed 
by 1-3 days of nonspecific clinical signs in-
cluding vomiting, inappetence and abdominal 
pain.2,7 The mortality rate can be up to 100% 
in some litters, with neonatal susceptibility 
thought to be due to a combination of immune 
naivety and a lower body temperature which 
improves the ability of CaHV-1 to enter cells, 
replicate and spread.2,8 Infected puppies may 
shed virus within respiratory and ocular secre-
tions, saliva, urine and on mucosal surfaces, 
and thus serve as a source of virus for other 
littermates. Puppies that are infected after 3 
weeks of age or those that have been exposed 
to maternally derived antibody are generally 
resistant to disease.3 

 

Infection of adult dogs and older puppies is as-
sociated with mild upper respiratory tract dis-
ease; CaHV-1 is yet to be shown to be a pri-
mary pathogen in canine infectious tracheo-
bronchitis.1,7  Severe fibrinonecrotic or hemor-
rhagic bronchopneumonia leading to respira-
tory distress and death has been occasionally 
reported in adult dogs.6 Infection of a naïve 
dam during pregnancy can result in placental 
necrosis with mid-gestational abortion and 
stillbirths or weak puppies that die soon there-
after. Development of maternal antibody pre-
vents disease in subsequent litters. Adult ani-
mals may also show lymphoid hyperplasia and 
hyperemia of the genital mucous membranes.2 
 
CaHV-1 can establish latency within canids, 
existing within the trigeminal ganglia, lum-
bosacral ganglia, tonsils and parotid salivary 
glands. Recrudescence of infection can occur 
at times of physiological stress or treatment 
with immunosuppressive doses of corticoster-
oids. These animals may serve as a source of 
infection within breeding colonies,2,3 and can 
shed virus from mucosal surfaces including 
those not involved in producing clinical dis-
ease.3. Serological studies may be of use in de-
termining prevalence in kennels and at-risk 
breeding stock.1 
 

 

 

 

Liver, puppy:  At the periphery of necrotic foci, rare hepato-
cellular nuclei contain a single rhomboidal 2-4um intranu-
clear inclusion.  (HE, 850X) 

Kidney, puppy:  There are areas of hemorrhage and tubular 
necrosis  scattered throughout the cortex. (HE, 252X) 
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Contributing Institution:  
Massey University  
School of Veterinary Science  
Private Bag 11 222  
Palmerston North 4442  
New Zealand 

 
JPC Morphologic Diagnosis:  1.  Liver:  
Hepatitis, necrotizing, multifocal to coalesc-
ing and random, moderate, with rare hepato-
cellular intranuclear viral inclusions. 

2. Kidney:  Nephritis, necrotizing, tubular 
and glomerular, multifocal, moderate. 

JPC Comment:  This second case is a dou-
ble feature, with the contributor kindly shar-
ing features of CaHV-1 in two separate tis-
sues with us. Microscopic features of the vi-
rus were classic for alphaherpesviruses, with 
Dr. Pesavento remarking that changing the 
signalment of the animal to another (e.g. 
horse, cow) would still bring conference par-
ticipants to consider their respective al-
phaherpesvirus (EHV-1, BHV1) accordingly. 
Canine adenovirus and sepsis are other im-
portant rule outs for this case. Adenovirus 
would also have intranuclear inclusions and 
centrilobular hepatic necrosis (due to ische-
mia and endotheliotropism) while CaHV-1 is 
more hepatotropic – animal age is therefore 
helpful in weighting these differentials.  Bac-
terial sepsis should reflect a greater number 

of neutrophils which can be confirmed via a 
simple touch impression on the necropsy 
floor. Dr. Pesavento emphasized this point in 
her preconference lecture to participants and 
urged anatomic pathologists to develop basic 
familiarity with cytology and incorporate it to 
drive case management decisions during case 
prosection. 

This case has overlap with Case 4 of this con-
ference and both are best reviewed together. 
Here, intranuclear inclusions were sparse (es-
pecially in the kidney) though the constella-
tion of microscopic features were nonetheless 
suggestive of CaHV-1. The gross image of 
the kidney reinforces this differential – we 
debated whether the subcapsular hemorrhage 
correlated with the expansion of the renal in-
terstitium microscopically, though distin-
guishing between simple congestion versus 
hemorrhage was characteristically difficult. 

Dr. Pesavento highlighted several subtle slide 
features that pointed to this animal being very 
young, including fetal glomeruli with cu-
boidal epithelium, thinned renal cortex (de-
creased corticomedullary ratio) and de-
creased space between glomeruli, and smaller 
overall size of hepatocytes. From low magni-
fication, the increased basophilia (colloqui-
ally, ‘blueness’) reflects these developing 

Kidney, puppy.  Higher magnification of an area of intersti-
tial hemorrhage and tubular necrosis.  (HE, 350X) 

Kidney, puppy:  Rare podocyte nuclei contain intranuclear vi-
ral inclusions. (HE, 1405X). 
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cells and the active transcription of nucleic 
acids therein. 
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CASE III:  

 
Signalment:  
14-day-old, Angus calf, Bovine, Bos taurus. 
Male. 
 
History: 
Six out of fifty 2–3-week-old, Angus calves 
were found dead with other calves presenting 
with lethargy, tachypnea, hypersalivation, 
circling, tremors, and seizures, with rapid de-
terioration preceding to death. Calves were 
otherwise in good body condition. No abnor-
malities of calves were observed at birth. 
These calves originated from artificially in-
seminated heifers.  
 
Laboratory Results:  
Bovine herpesvirus real time PCR positive on 
fresh brain 

Bovine herpesvirus-5 real time PCR positive 
on fresh brain 

Listeria spp. selective culture on fresh brain 
negative 

Chlamydia pecorum real time PCR on brain 
dry swab negative 

Aqueous humor urea, glucose, β-hydroxy-
butyrate, calcium, magnesium, nitrate, nitrite 

Cerebrum, calf:  One section of cerebrum is submitted for 
examination.  Prominent perivascular cuffs are present at 
subgross magnification.  (HE, 8X) 
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analytes within normal limits. Aqueous hu-
mor potassium is elevated (likely due to de-
layed post-mortem sampling or vitreous con-
tamination).  

 
Contributor’s Microscopic Description:  
Brain; rostral cerebrum: 

Multifocally, the meninges contain small 
numbers of lymphocytes, occasional macro-
phages and extravasated erythrocytes (hem-
orrhage), and rare neutrophils. Frequently, 
blood vessels in the white and to a lesser ex-
tent the gray matter are cuffed by up to 4-5 
layers of lymphocytes, macrophages, and rare 
plasma cells. Occasional scattered neurons 
are shrunken, angular, hypereosinophilic, and 
have pyknotic or karyorrhectic nuclei (neu-
ronal necrosis), rarely surrounded by up to 5 
glial cells (satellitosis) and karyorrhectic nu-
clear debris. Multifocal patches in the gray 
matter have moderate numbers of neurons 

and rare astrocytes contain large, basophilic 
to amphophilic, intranuclear viral inclusions 
which peripheralise the chromatin (. Multifo-
cally in the gray and white matter, there are 
abundant glial cells (gliosis), with astrocytes 
with vesiculated nuclei, which are often 
paired or clustered, frequently with karyor-
rhectic nuclei (glial cell necrosis) with large 
amounts of karyorrhectic nuclear debris scat-
tered throughout the neuropil. Extensively 
within the gray matter and extending into the 
white matter, blood vessels, neurons, and 
glial cells are surrounded by clear spaces 
(edema) with frequent small, irregular clear 
spaces expanding the neuropil (spongiosis). 

 
Contributor’s Morphologic Diagnosis: 
Brain, rostral cerebrum: 
Meningoencephalitis, lymphohistiocytic, 
subacute, multifocal, severe with multifocal 
neuronal and glial cell 

Cerebrum, calf:  There are prominent cuffs of lymphocytes, macrophages, and fewer neutrophils, which infiltrate the adjacent 
parenchyma.  There is also edema and gliosis, with  prominent astrocytes and numerous microglia.  (HE, 178X) 
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Contributor’s Comment: Bovine herpesvi-
rus-5 (BoHV-5) is an alphaherpesvirus 
known to cause meningoencephalitis in 
young cattle. BoHV-5 is closely related to 
BoHV-1 (the causative agent of bovine infec-
tious rhinotracheitis) and was originally con-
sidered to be a “neurogenic variant of BoHV-
1” or “BoHV-1.3”.4 After further compara-
tive studies with different strains of BoHV-1, 
it was determined that this virus had distinct 
and differing genomic and antigenic proper-
ties and was reclassified as BoHV-5 by the 
International Committee on Taxonomy of Vi-
ruses in 1992.4,10 BoHV-5 encephalitis out-
breaks have been reported mostly in South 
American countries such as Brazil and Ar-
gentina, but also sporadically in other coun-
tries including Australia, and within North 
America and Europe.4,9 BoHV-5 is part of a 

group of herpesviruses known to cause spe-
cific disease syndromes in bovines summa-
rized in table 1 below.  

BoHV-5 associated encephalitis is a typically 
a sporadic disease, but occasional outbreaks 
can occur in groups of calves and yearlings.7 
Morbidity can reach up to 50% and few 
symptomatic individuals survive.7 The incu-
bation period is approximately 1-2 weeks fol-
lowed by presentation of clinical signs in-
cluding depression, anorexia, weakness, pro-
ceeding to neurological signs such as cir-
cling, head pressing, incoordination, blind-
ness, muscular tremors, convulsions, pad-
dling, and death.4,7 Nasal and ocular dis-
charges have also been reported in some out-
breaks of BoHV-5 associated disease, mim-
icking the classical clinical presentation of 
BoHV-1.7  
  
Both BoHV-1 and -5 have many commonali-
ties in their pathogenesis including the ability 

Cerebrum, calf:  Herpesviral inclusions peripheralize the chromatin with neurons and an astrocytes (inset, top left) contains a 
viral inclusion surrounded by a clear halo  (HE, 800X) 
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to infect epithelial cells at the portal of entry, 
establish latency in the trigeminal ganglia, 
and can be reactivated by natural or experi-
mental stressors.4,7 BoHV-5 associated dis-
ease differs from that of BoHV-1 as they 
have different neuroinvasion and neuroviru-
lence capabilities with BoHV-1 rarely caus-
ing encephalitis.7 The exact pathogenesis of 
BoHV-5 is unknown. Transmission occurs 
via direct contact, aerosolization, or indirect 
spread through contaminated feed and water, 
or semen.4,7 Following inoculation, BoHV-5 
infects and replicates within epithelial cells at 
the portal of entry (e.g., nasal or vaginal mu-
cosa).4 Several possibilities for BoHV-5 neu-
ral invasion are being investigated including 
local spread from infected nasal epithelial 
cells with intra-axonal transport via the tri-
geminal or olfactory pathways, or by hema-
togenous viremic spread.4,6 Once BoHV-5 
has gained entry to the central nervous sys-
tem, it can cause acute meningoencephalitis 
or become latent within the sensory ganglia, 
with possible reactivation and clinical recru-
descence induced at times of stress.11 
 
The characteristic histopathological changes 
associated with BoHV-5 are non-suppurative 
meningoencephalitis with mononuclear peri-
vascular cuffing, gliosis, satellitosis, neu-
ronophagia, trigeminal ganglioneuritis, and 
neuronal necrosis and degeneration.7 Malacia 
is reported variably across literature, can take 
a laminar cortical necrosis pattern of polioen-
cephalomalacia (PEM), and is proposed to 
occur dependent on strain neurovirulence or 
individual susceptibility.1,3 Intranuclear al-
phaherpesviral inclusion bodies are occasion-
ally present in degenerate neurons and astro-
cytes.7 Histopathological changes are most 
severe within the frontal cortex, with milder 
changes described variably within the dien-
cephalon, parietal and occipital cortices, cere-
bellum, basal nuclei, and brain stem.2 In our 

case, milder changes were observed within 
the dorsal cerebrum, thalamus, and brain-
stem.  
 
Possible histological differential diagnoses of 
BoHV-5 meningoencephalitis in calves in-
clude BoHV-1 infection, rabies, or malignant 
catarrhal fever, listeriosis, sporadic bovine 
encephalomyelitis (caused by Chlamydia pe-
corum), or less likely PEM causes such as 
lead or sulfur toxicity, thiamine deficiency, 
or salt poisoning.5  
 
Table 1: Outline of bovine diseases associ-
ated with bovine herpes viral infections.  
Bovine 
herpes-
virus 
type 

Sub-
family  

Disease associations 

BoHV-
16-8 

Alpha • Infectious bo-
vine rhinotra-
cheitis (IBR) 

• Infectious 
pustular vul-
vovaginitis 
(IPV) and 
balanopos-
thitis (IPB) 

• Meningoen-
cephalomye-
litis  

• Systemic dis-
ease in neo-
nates 

• Abortion  
• Broncho-

pneumonia 
BoHV-
26,7 

Alpha • Pseudolumpy 
skin disease 
Ulcerative 
mammillitis 

BoHV-4 
(“Bo-
vine cy-

Gamma • Metritis 
• Abortion  
• “Epivag” 

syndrome in-
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tomeg-
alovi-
rus”)8 

cluding: vagi-
nitis, salpin-
gitis, oopho-
ritis or epidi-
dymitis  

• Mammillitis  
• Pneumonia 
• Enteritis 

BoHV-
56,7 

Alpha • Meningoen-
cephalitis 

 

Contributing Institution:  
NSW Animal and Plant Health Laboratories  
Elizabeth Macarthur Agricultural Institute 
Woodbridge Rd, Menangle 
NSW, Australia, 2568 
https://www.dpi.nsw.gov.au/about-us/ser-
vices/laboratory-services/veterinary 

 

JPC Morphologic Diagnosis:  Cerebrum:  
Meningoencephalitis, lymphohistiocytic, sub-
acute, diffuse, moderate, with neuronal ne-
crosis and glial and neuronal intranuclear vi-
ral inclusions. 

JPC Comment: The third case of this con-
ference is yet another alphaherpesvirus and 
does not disappoint. Recent (and quite 
timely) publication12 reviewing bovine her-
pesviral meningoencephalitis was a welcome 
addition to our discussion. Gross images 
from that publication nicely highlight the pre-
dominant frontal lobe distribution of BoHV-
5, to include the sometimes dramatic malacia 
that the contributor notes above. We consid-
ered many of the same differential diagnoses 
that the contributor helpfully notes, but 
would also add rabies (though 5 animals is a 
bit of a stretch), bovine astrovirus, West Nile 
virus, and listeriosis as other broader differ-
entials for bovine meningoencephalitis. Dr. 
Pesavento emphasized low power evaluation 

of any brain section for symmetry, position 
of the midline, distribution of features (to in-
clude portion of the brain examined), and 
loss of parenchyma to help sort (or rule out) 
these possibilities. Intranuclear viral inclu-
sions were fairly generous in this case which 
aided in recognition of the etiological agent. 

Mild neutrophilic inflammation was an unex-
pected finding in this calf’s brain given the 
primary viral etiology. We considered a sec-
ondary process such as sepsis, though there is 
little lymphoid necrosis present within peri-
vascular lymphoid cuffs and neutrophils are 
well within the parenchyma itself. One poten-
tial explanation is the young age (14 days) of 
this animal and insufficient time course to de-
velop and deploy other innate/adaptive im-
mune cells in large numbers akin to some of 
the NOD/Rag1/ILrg2 fully immunodeficient 
mice we have considered in conference this 
year (see Conference 11, Case 3 for one such 
example). We anticipate that in a slightly 
older animal histopathologic features would 
reflect non-suppurative meningoencephalitis 
alone.  

Conference discussion of this case concluded 
with review of vascular features. In compari-
son to Case 4, this brain lacked changes in 
major blood vessels, though there was capil-
lary damage coincident with eosinophilic 
fluid which we interpreted as true edema to 
accompany the spongiosis noted (versus pro-
cessing artifact alone). Dr. Pesavento re-
minded conference goers that Factor VIII 
IHC is a potentially useful IHC marker for 
vascular damage as it also labels platelets, 
with the resulting perivascular aggregate 
serving as a reliable label when other markers 
(e.g. CD31) might be difficult to interpret 
alone. 

References: 
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CASE IV:  

Signalment:  
10 day-old, female, Standardbred horse, 
Equus caballus, equine  

 
History:  
In the late spring of 2023, five, 3-4 day old 
foals in a Standardbred breeding farm devel-
oped clinical signs of pneumonia over a pe-
riod of several weeks.  Four of these foals did 
not respond to antibiotic treatment and died 

Lung, foal:  Two sections of lung, varying in lesion severity, 
are submitted for examination.  At this magnification, there 
is abundant hemorrhage and edema within both sections.  
(HE, 6X) 
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at approximately 8-10 days of age.  Two of 
these foals were necropsied and both exhib-
ited severe acute interstitial pneumonia and 
severe edema, with microscopic features 
most consistent with acute diffuse alveolar 
damage.  Equine herpesviruses 1 and 4, and 
equine influenza type A were not detected in 
PCR testing of lungs samples from both 
foals.  No clinical abnormalities were noted 
in the dams of these foals, or in any other 
horses on the farm. 

The last of these foals (the 5th one reported) 
was noted to be lethargic and tachypneic at 4 
days of age.  This filly was treated with ceft-
iofur sodium, gentamicin, flunixin meglu-
mine, dexamethasone, furosemide, and oxy-
gen therapy.  Radiographs of the thorax re-
vealed abnormalities consistent with intersti-
tial pneumonia.  Despite treatment, the foal’s 
condition progressively worsened until she 
suddenly decompensated and began agonal 
breathing early morning, 6 days after clinical 

signs were first noted.  The filly was hu-
manely euthanized with IV Euthanyl and 
submitted for necropsy.    

 
Gross Pathology: 
The filly was thin.  The lungs were moder-
ately expanded, diffusely dark pink to red, 
rubbery in texture, and failed to collapse. 
Large amounts of white froth were noted in 
the trachea.  Small amounts of clear yellow 
tinged fluid were present in the pericardial 
sac.  The remaining carcass was grossly unre-
markable.  

 

Laboratory Results: 
Aerobic culture of the lung yielded no micro-
bial growth.  Samples of lung from this foal, 
and from both previously necropsied foals 
from this farm, were submitted for the equine 
respiratory pathogen PCR panel offered by 
the Cornell University Animal Health Diag-
nostic Centre.  Equine adenoviruses 1 and 2, 

Lung, foal:  There is diffuse interstitial pneumonia with thickening of alveolar septa and abundant alveolar edema and 
hemorrhage.  (HE, 171X) 
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Equine herpesviruses 1 and 4, Equine rhinitis 
viruses A and B, and influenza virus matrix, 
were not detected.  Streptococcus equi was 
also not detected.  Equine arteritis virus 
(EAV) was detected in lung samples from all 
three foals.  Virus isolation from lung sam-
ples from each of these foals using cloned 
monkey cell lines was performed and EAV 
isolates were recovered from all three sam-
ples.  Preliminary genomic sequencing of 
these isolates reveals that this virus has 97% 
homology with American Type Culture Col-
lection (ATCC) reference strains of EAV iso-
lated in North America approximately 30 
years ago.  Additional genomic sequencing 
and phylogenetic analysis of these isolates 
are ongoing.   

 
Microscopic Description:  
The most significant microscopic abnormali-
ties were present in sections of lung which 
exhibited diffuse filling of most alveoli with 

dark pink, proteinaceous fluid admixed with 
occasional small deposits of amorphous fi-
brinoid debris, small bits of pyknotic cell de-
bris, few degenerate neutrophils, small num-
bers of macrophages, and frequent erythro-
cytes. In a few areas, a thin layer of fibrinoid 
debris lines alveoli (hyaline membranes).  In 
areas, scattered keratin squames are also 
noted in alveoli (attributed to terminal aspira-
tion).  Inter-alveolar septa are often mildly 
thickened and moderately congested.  In ar-
eas where alveolar fibrin deposits are more 
prominent, plump polygonal cells with pale 
vesicular nuclei partially line alveoli (early 
type II pneumocyte hyperplasia). The epithe-
lium lining of bronchi and bronchioles is gen-
erally intact.  In a few scattered small and 
medium caliber arteries, there are foci where 
sparse cell debris, sometimes accompanied 
by small amounts of dense, hyalinized fi-
brinoid material, and occasional pyknotic nu-
clei partially effaces the tunica media. 

Lung, foal:  High magnification of alveolar septa which are expanded by varying combinations and concentrations of con-
gestion, edema, fibrin, septal macrophage hypertrophy. Neutrophils, cellular debris, and scattered type II pneumocyte hy-
perplasia.  (HE,554X) 
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No significant microscopic abnormalities are 
noted in sections of kidney, liver, brain, ad-
renal gland, spleen, heart, or intestine.   

 

Contributor’s Morphologic Diagnosis:  
Lung:   

1. Severe, acute, fibrinous, interstitial pneu-
monia with marked pulmonary edema, 
multifocal type II pneumocyte hypertro-
phy and hyperplasia, and few scattered 
foci of mild, peracute, vascular, fibrinoid 
necrosis  

2. Multifocal, intra-alveolar keratin squames 
(attributed to terminal or agonal aspira-
tion)  

 
 
Contributor’s Comment: The clinical signs 
described in this foal are attributed to respira-
tory failure resulting from severe acute inter-
stitial pneumonia and pulmonary edema.  The 
microscopic appearance of these lung lesions 

were consistent with diffuse alveolar damage 
due to diffuse injury to type I pneumocytes 
and/or endothelial cells in alveolar septa.  In 
acute stages of diffuse alveolar damage, pul-
monary edema, exudation of fibrin into alve-
oli, and the formation of hyaline membranes 
(aggregates of fibrin, other serum proteins 
and cell debris) that line alveoli lumina are 
the first lesions typically apparent, rapidly 
followed by type II pneumocyte hyperplasia.  
If the affected individual survives long 
enough, interstitial fibrosis may be seen. 
These lesions often clinically manifest as 
acute respiratory distress syndrome (ARDS) 
in humans and animals. This clinical condi-
tion presents as acute onset pulmonary edema 
resulting in hypoxemia that does not respond 
to oxygen supplementation, with no evidence 
of concurrent left atrial enlargement (or pri-
mary left heart failure).1 

Diffuse alveolar damage has been associated 
with a wide range of etiologies in animals.1 

Lung, foal:  There are large areas in which alveoli are flooded with hemorrhage and edema (HE, 381X) 
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In this case, given the microscopic appear-
ance of lesions, the clinical history, and in-
volvement of multiple animals, an infectious 
etiology (most likely a viral infection) was 
highly suspected.  Initial PCR testing of lung 
samples from this foal and the two other nec-
ropsied horses for equine herpesvirus 1 and 4 
and equine influenza virus were negative 
which prompted additional PCR testing for a 
wider range of respiratory pathogens includ-
ing equine adenoviruses, equine rhinitis vi-
ruses and equine arteritis virus (EAV).  Only 
EAV was detected in each of the examined 
samples and this outbreak of acute interstitial 
pneumonia in foals was attributed to infec-
tion with this pathogen.   
 
Equine arteritis virus (EAV) is a small envel-
oped, RNA, non-arthropod-borne virus in the 
family Arteriviridae, and the order Nidovi-
rales and causes a condition termed equine 
viral arteritis.  EAV was first isolated from an 
outbreak of respiratory disease and abortion 
in a Standardbred breeding farm in Bucyrus, 
Iowa in 1953.8 Since then, serologic studies 

have revealed a worldwide distribution of 
EAV, although several counties including 
Iceland, Singapore, Japan, and New Zealand 
may be free of the virus.5 The virus is highly 
species specific and infection is limited to 
equids such as horses, donkeys, mules and 
zebra. In the United States, a very high per-
centage of Standardbreds have been found to 
be seropositive (70-90%), compared to other 
breeds (such as Thoroughbreds), while in 
some European countries, the seroprevalence 
of EAV in some Warmblood stallions is very 
high. Most infections in adult horses are in-
apparent or cause mild clinical signs and are 
rarely fatal.8 Most infections involve mares 
bred to a persistently infected stallion. Very 
young, old, or debilitated and immunosup-
pressed horses may develop more severe 
clinical signs, and rarely develop fatal dis-
ease. Clinical signs in adult infected horses 
most commonly consist of pyrexia, depres-
sion, anorexia, dependent edema, conjuncti-
vitis, periorbital and supraorbital edema, res-
piratory distress and leukopenia.8 After infec-
tion and a period of viremia, the virus is 

Lung, foal:  There is segmental necrosis of the wall of  an arteriole with necrosis of smooth muscle cells, infiltrations of neutro-
phils, cell debris, mural hemorrhage and edema, and adventitial edema.  (HE, 571X) 
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widely disseminated and is replicating in 
macrophages and endothelial cells within 3 
days. Clinical signs of EAV infection are the 
result of endothelial injury and increased vas-
cular permeability resulting in edema, con-
gestion and hemorrhage in subcutaneous tis-
sues, lymph node and viscera.3,8   
 
Abortion is another common manifestation of 
EAV infections in horses. In natural out-
breaks, abortion rates of less than 10% to 
71% of infected mares have been reported. 
Mares are typically between 3 and 10 months 
of gestation when abortion occurs. In these 
cases, the fetus and placenta are often ex-
pelled without premonitory signs and may be 
autolyzed or well preserved. Lesions in the 
fetus are often not seen, and when present, 
may consist of mild interstitial pneumonia, 
mild perivascular lymphoplasmacytic infil-
trates, and fetal membranes may appear 
edematous. Rarely, vasculitis may be seen in 
the allantochorion and in fetal visceral sites.3 
In most cases of EAV infection, abortion is 
likely largely due to acute vasculitis, edema 
and hemorrhage within the uterus resulting in 
impaired placental perfusion and hypoxia. 
Hypoxic injury may also cause decreased 
placental progesterone production and local 
release of prostaglandins that would also pro-
mote premature placental separation and fetal 
death.3 Interestingly, abortions were not 
noted during this outbreak, possibly due to 
the late stage of gestation when the mares 
were infected. Alternatively, it is also possi-
ble that the strain of EAV virus in this out-
break had a low abortigenic potential.7   
 
Equine arteritis virus infection resulting in 
severe, fulminating, interstitial pneumonia 
has been reported in neonatal foals and was 
the primary presentation of affected horses 
on this farm.3,7,8 The prognosis for affected 
foals despite aggressive treatment, is poor 
and most infections in neonatal foals are fa-
tal. This cluster of cases would suggest that 

the dams were infected just days prior to par-
turition or that foals were exposed to the vi-
rus in the first few days of life.  Intestinal le-
sions have also been reported in affected 
foals but no such lesions were noted in our 
cases.         
 
Transmission of the majority of EAV infec-
tions is via venereal and respiratory routes.  
Transmission of EAV through indirect con-
tact with contaminated fomites may occur, 
but is generally not considered a major con-
tributor to the spread of disease.  However, 
the latter was implicated as a contributing 
factor in the spread of EAV infection in an 
outbreak in a veterinary teaching hospital.2 
Persistently infected carrier stallions are the 
reservoir responsible for maintenance of 
EAV in equine populations. Once infected, 
stallions harbor the virus in the ampulla of 
the vas deferens, other accessary sex glands, 
and in portions of the lower genitourinary 
tract, from where they shed virus in semen 
for weeks to months to years. Some stallions 
may shed virus in semen for the rest of their 
lives.  Maintenance of the carrier state in stal-
lions appears to be testosterone dependent 
and currently, the only effective means of 
eliminating infection in these horses is via 
surgical castration8.  Carrier stallions may in-
fect mares via natural breeding and via artifi-
cial insemination of infected semen.  Once 
infected, a recently bred mare (or a recently 
infected stallion) may develop clinical signs 
and shed virus in respiratory secretions 
within 7-10 days7.  Horizontal transmission 
of the virus via aerosolized respiratory secre-
tions to other close contacts is a common 
cause of spread within the herd.7,8 In cases 
where mares have aborted due to EAV infec-
tion, exposure to the fetus, placenta and pla-
cental fluids is another potential source of in-
fection.7  Infected mares, geldings and foals 
less than 6 months of age, clear the virus 28 
days post-infection.7,8                  
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Although several reports of outbreaks of 
EAV infection can be found in the literature, 
those primarily involving significant disease 
only in neonates are rare.  One such case re-
port4 has features similar to that described in 
our cases.  Affected foals also presented with 
severe, acute, fatal interstitial pneumonia 
with no obvious clinical signs were noticed in 
the mares.  In the mentioned reference, each 
of the affected foals were thought to be im-
munocompromised to some degree, due to 
colostrum deprivation, death of the dam, or 
prematurity, which may have contributed to 
the severity of disease noted. Interestingly, in 
our cases, no such factors appeared to be at 
play, but each of the three affected foals nec-
ropsied were deficient in selenium. All had 
liver levels of less than 0.20 ppm wet weight 
(0.20 ppm is the lowest amount of selenium 
our assay can accurately quantify): adequate 
reference range of selenium in equine liver is 
0.30-1.00 ppm. There were no lesions of 
white muscle disease (or nutritional myopa-
thy) in any of the necropsied foals. However, 
selenium is an important essential trace ele-
ment involved with a wide variety of physio-
logic processes in animals, including normal 
immune system function, regulation of 
growth and development, protection against 
oxidative stress and has antimicrobial (in-
cluding antiviral) effects.6 It is interesting to 
speculate that selenium deficiency in the 
dams and affected foals may have played a 
role in the severity of disease seen in the 
foals in this outbreak of equine viral arteritis. 

 
Contributing Institution:  
Department of Pathology and Microbiology 
University of Prince Edward Island 
www.upei.ca 

 
JPC Morphologic Diagnosis: Cerebrum:  

Meningoencephalitis, lymphohistiocytic, sub-
acute, diffuse, moderate, with neuronal ne-
crosis and glial and neuronal intranuclear vi-
ral inclusions. 

JPC Comment: The contributor provides a 
spectacular slide to accompany a thorough 
summary of EVA and a putative cause for the 
changes observed in this case. Dr. Pesavento 
was excited to review this case as equine vi-
ral arteritis is a rare submission to the WSC 
and the microscopic features gave us much to 
discuss. The inclusion of squamous epithelial 
cells is an unexpected secondary feature to 
explore – we considered the contributor’s in-
terpretation of agonal inspiration and also 
wondered about perinatal fetal stress (and in-
halation of amniotic contents) as several par-
ticipants pointed out possible meconium as 
well. Within this section, we also note seg-
mental fibrinoid necrosis of larger arterioles 
that highlight the route of entry of EAV and 
subsequent genesis of the abundant edema 
present. 

Differential diagnoses for this case included 
other viruses such as Hendra virus (paramyx-
ovirus), equine herpesvirus 1, African horse 
sickness (orbivirus), and equine infectious 
anemia virus (lentivirus) which share over-
lapping gross and microscopic features, to in-
clude the prolific pulmonary edema seen in 
this case. Discriminating features include 
time course of the disease and geography (i.e.  
current transboundary diseases). Syncytial 
cells within the bronchiolar epithelium did 
resemble viral syncytia of paramyxoviruses, 
though we attributed this change to increased 
turnover of lung epithelial cells due to viral 
effects versus direct infection as bronchiolar 
epithelial cells lacked direct cytopathic 
changes. For this reason, we differed from 
the contributor and did not label this pneumo-
nia as ‘bronchointerstitial’. Other potential 
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vasculocentric ruleouts include leptospirosis, 
purpura hemorrhagica, and plant toxicity 
such as hoary alyssum (Berteroa incana). 

Finally, we briefly revisited the concepts of 
diffuse alveolar damage and interstitial pneu-
monia which we previously debated in Con-
ference 9, Case 2 of the current conference 
year (in a dog). That case also featured large 
balls of fibrin filling alveoli, allowing us to 
introduce the term ‘fibrinous and organizing 
pneumonia’. The present case is decidedly 
more acute, with few cells embedded within 
the fibrin meshwork and little evidence of re-
organization. Dr. Pesavento also drew the 
distinction between diffuse alveolar damage 
(a histologic finding) and interstitial pneumo-
nia (interstitial lung disease) itself which is 
used more broadly (and sometimes, confus-
ingly) between veterinary pathologists. For a 
more complete review of this topic, we direct 
the reader to an excellent and recent publica-
tion.9  
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CASE I:   
 
Signalment:  
3-year-old, 9-month pregnant, female, Jersey 
(Bos taurus taurus). 
 
History: 
The cow was dried off on June 28, 2022. She 
had been doing well until August 17, 2022, 
when she was found recumbent and was di-
agnosed with possible pink eye. She was 
treated with aspirin, penicillin, and dexame-
thasone subconjunctivally. On August 18, 
2022, she remained recumbent, began con-
vulsing, and died at 9:30 am. She was sub-
mitted for postmortem examination by 11:00 
am on the same day. 
 
Gross Pathology:  
Fair body condition with mild muscle mass, 
minimal external adipose stores, and moder-
ate internal adipose stores in all expected lo-
cations. Avulsion of the lateral right hind 
limb dew claw; multifocal 2 to 15 cm diame-
ter area abrasions on the right hip and on the 
lateral aspect of the right fore limb; and, a 15 
x 11 cm area of subcutaneous edema and a 35 
x 20 cm area of subcutaneous hemorrhage on 
the right thorax over the ribs and right shoul-
der. 

Thoracic negative pressure and mild, se-
rosanguineous pleural effusion. Multifocal 
thoracic cranioventral fibrous adhesions that 

span between lung, pericardial sac, dia-
phragm, and body wall. Mild ventrocranial 
laryngeal edema. Severe, diffuse, frothy, 
white foam extending from the larynx to the 
secondary bronchi. Mild to moderate, white 
frothy fluid oozes from the lungs on the cut 
section. Multifocal epicardial and left ven-
tricular endocardial petechiae. A focal, 5.5 x 
3 cm hemorrhage at the base of the right 
atrium overlaying adipose tissue.  

A focal well-demarcated, 4 x 1 cm subacute 
healing ulcer on the right lateral aspect of the 
tongue. Rumen has decreased dry ingesta 
(dehydrated) with admixed birdshot and 
rocks. No magnet. There is expected post-
mortem rumen mucosal sloughing. 

The abomasum contains rocks admixed with 
green organic material and the mucosa has 
multifocal occasional subacute ulcers. The 
biliary tract is patent with normal bile. There 
is a fibrous adhesion of the right liver lobe to 
the omentum. The liver is moderately con-
gested. 

The right caudal mammary quarter has a 
thick, viscous, white-to-tan discharge without 
flocculent material, and on section, the mam-
mary gland is pale tan and oozes a cloudy 
white thick fluid. The supramammary lymph 
nodes are enlarged and wet. 

The subdural space of the brain and the cervi-
cal spinal cord has viscous, translucent to 
yellow serous meningeal fluid and multifocal 
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hemorrhage. The right ventrocranial aspect of 
the cerebral frontal lobe and olfactory lobe 
and bulb are regionally tan to yellow, soft, 
and friable (encephalomalacia). The area’s 
meninges are thickened by fibrin, edema, and 
hemorrhage.  

The left eye has a regional soft expansion of 
the conjunctiva (iatrogenic) and is overlaid 
by at least 3 thin white linear nematodes (fa-
vor Thelazia gulosa). 

FETUS: The left uterine horn has a single fe-
male fetus. The fetus is well muscled with 
abundant adipose stores. The maternal aspect 
of the chorioallantois is overlaid by multifo-
cal brown, mucoid material. There are multi-
ple (< 5) small (< 0.5 cm), white, discrete, 
firm, and focal nodules on the amniotic sac. 
The fetus is 18.4 kg, 72.5 cm from crown to 
rump, has erupted incisors, and is fully haired 
with eyelashes (9 month, near term). No tho-
racic negative pressure and lung sections sink 
in formalin. The thoracic cavity has mild, se-
rosanguineous fluid. The right lateral and cra-
nial aspect of the liver has a large 10 x 6 cm 
cyst. When cut, the cyst oozes red-tinged se-
rous fluid with scant fibrin. There is focal 
hemorrhage of the ruminal serosa and re-
gional suffusive hemorrhage on the right ven-
tricle epicardium.  

 
Laboratory Results: 
1) A multiplex real-time PCR performed by 
the USA CDC on fresh brain from the right 
frontal/olfactory lobe was positive for 
Naegleria fowleri and negative for Acan-
thamoeba spp. and Balamuthia mandrillaris.  

2) Immunohistochemistry performed by the 
USA CDC on formalin-fixed paraffin-em-
bedded right frontal/olfactory lobe was im-
munoreactive for free-living amoeba and 
Naegleria-specific antibodies. 

3) Three environment water samples were 
submitted to Biological Consulting Services 
of North Florida Inc. for N. fowleri analysis. 
Water from the concrete pond and from the 
drinking trough of an adjacent pen did not 
detect N. fowleri. Water from the drinking 
trough of the pen that housed the affected 
cow was positive for N. fowleri.  

 
Microscopic Description:  
Brain, right frontal lobe/olfactory lobe: In-
volving 40% of the section and extending to 
the leptomeninges, there is locally extensive 
encephalomalacia with fibrin thrombi, vascu-
litis, vascular fibrinoid degeneration, neutro-
phils, cellular debris, hemorrhage, and fibrin. 
Within these areas, often perivascular ad-
mixed with neutrophils, are ovoid to polygo-
nal 8-10 um diameter organisms that have 
small 1-2 um nuclei that contain a single cen-
tral nucleolus (karyosome) with a granular 
amphophilic vacuolated cytoplasm (amoeba 
trophozoites). Bordering the area of malacia 
are streams of degenerate neutrophils and fi-
brin, and within the adjacent intact neuropa

 
Cranium, ox: The remnant neuroparenchyma of the right frontal/ol-
factory lobe is soft, friable, tan to light yellow, and has multifocal 
hemorrhage (encephalomalacia). The adjacent subdura is thickened 
by fibrin and edema. (Photo courtesy of: Midwestern University, 
College of Veterinary Medicine, Diagnostic Pathology Center. 
https://www.mwuanimalhealth.com/diagnostic-pathology-center.) 
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The cow’s drinking water trough that tested positive for N. fowleri 
was heavily fouled by organic debris (Photo courtesy of: Midwest-
ern University, College of Veterinary Medicine, Diagnostic Pathol-
ogy Center. https://www.mwuanimalhealth.com/diagnostic-pathol-
ogy-center.) 

renchyma and leptomeninges, are frequent 
dense perivascular cuffs of lymphocytes, 
plasma cells, and histiocytes with variable 
spongy change, fibrin, vascular fibrinoid de-
generation, reactive vascular endothelium, 
and hemorrhage. 

 
Contributor’s Morphologic Diagnosis: 
Brain, frontal right lobe/olfactory bulb: Me-
ningoencephalitis, necrotizing, suppurative, 
mononuclear, multifocal, severe, acute to 
subacute, with intralesional amoeba tropho-
zoites 

 
Contributor’s Comment:  The cow’s mor-
bidity and mortality were due to necrotizing 
encephalitis caused by Naegleria fowleri, a 

eukaryotic, amphizoic, thermophilic, and 
free-living amoeba that is ubiquitous in the 
environment. Multiplex PCR performed on 
fresh brain from the right frontal and olfac-
tory lobe confirmed N. fowleri. Immunohisto-
chemistry performed on a formalin-fixed par-
affin-embedded section of the affected brain 
detected intralesional N. fowleri. Analysis of 
the cow’s drinking water visually detected 
amoeba trophozoites, and PCR confirmed N. 
fowleri, thereby determining the probable en-
vironmental source. Although the necrotizing 
inflammation was most severe in the right 
frontal and olfactory lobes, histopathology 
recognized similar lesions with fewer amoeba 
in the ventral periventricular cerebellum, 
brainstem, fourth ventricle choroid plexus, 
and cervical spinal cord. The distribution of 
these secondary inflammatory nidi suggests 
the amoebae spread via the cerebrospinal 
fluid following primary invasion of the right 
olfactory bulb.  

Naegleria fowleri, Balamuthia mandrillaris, 
Acanthamoeba spp., and Sappinia pedata are 
pathogenic free-living amoebae that naturally 
cause central nervous system (CNS) disease 
in mammals.3,6 These ubiquitous amoebae are 
opportunistic, target immunocompetent and 
immunosuppressed hosts, and may occupy 
soil, air, and water.3,6 Infections occur in hu-
mans and animals; however, S. pedata has 

Cerebrum, ox:  A large area of necrosis is partially bounded 
by a dense band of infiltrating neutrophils and cellular de-
bris.  (HE, 8X) 
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occurred in only one human case of encepha-
litis.4,6 Unlike other amoeba, N. fowleri, the 
cause of fulminating primary amoebic menin-
goencephalitis, causes encephalitis following 
a direct entry into the CNS via the olfactory 
neuroepithelium, and the resulting lesions 
lack intralesional cysts.6  
 
Naegleria fowleri naturally subsists on phag-
ocytosed bacteria and thrives in unchlorin-
ated warm bodies of water (upwards of 
45ºC), including freshwater pools, puddles, 
lakes, rivers, hot springs, aquaria, sewage, ir-
rigation canals, ponds, irrigation ditches, and 
thermally polluted effluents of power 
plants.1,6 Resistant cysts form during adverse 
environmental conditions; otherwise, the pro-
tozoa is in a transitory flagellate stage or, 
more frequently, is an infectious amoeboid 
trophozoite equipped with a vesicular nucleus 
that has a single central nucleolus (karyo-
some).6 Trophozoites reproduce by binary 
fission and will become cysts if food is lack-
ing or the environment impairs growth.6 Hu-

man and animal infections develop when na-
sal passages are inadvertently (e.g., during 
aquatic activities) or purposefully (e.g., nasal 
flush) exposed to warm unchlorinated or in-
adequately chlorinated water harboring infec-
tious trophozoites. Trophozoites are first 
phagocytosed by the sustentacular cells of the 
olfactory neuroepithelium, then migrate 
through the cribriform plate, invade the lep-
tomeninges, and finally, access the rostral 
neuroparenchyma where they can proliferate 
and potentially spread to other neuroanatomi-
cal locations.6 Generally, onset of disease is 
rapid, as soon as 24 hours, and death usually 
occurs within a week.6 This cow was likely 
exposed to N. fowleri during drinking activi-
ties and perhaps inadvertently snorted con-
taminated water or transferred amoeba to the 
nostrils during licking, which allowed troph-
ozoites to reach and invade the right cribri-
form plate and subsequently cause malacia of 
the right frontal/olfactory lobe. Although the 
cow’s drinking water was purported to be 
chlorinated, the trough contained warm stag-
nant water, there was surface scum, and a 

Cerebrum, ox:  There is necrosis of the neuroparenchyma with abundant perivascular inflammation. (HE, 135X) 
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thick layer of organic debris lined the bot-
tom-collectively, these factors probably in-
hibited efficient chloramination and facili-
tated the survival of N. fowleri trophozoites. 
 
Meningoencephalitis due to N. fowleri is re-
ported in cattle from Costa Rica, the state of 
Paraiba, Brazil, California, USA, and now 
Arizona, USA.2,4,5 As in this case, the inci-
dence of N. fowleri in California cows corre-
lated with warm summer temperatures, acute 
CNS clinical signs, olfactory and cerebellar 
necrosuppurative lesions, and the probable 
exposure to trophozoites in drinking water.2 
 
Although uncommon in cattle, amoebic me-
ningoencephalitis caused by N. fowleri is an 
important differential diagnosis of an acutely 
neurologic cow that is most likely during the 
summer in a geographic area with high ambi-
ent temperatures. Other important and more 
common differential diagnoses for neurologic 
disease in cattle include rabies virus, polioen-
cephalomalacia, lead toxicosis, salt toxicity, 

thrombotic meningoencephalitis, cerebral ab-
scess, and bacterial meningitis.2  
 
 

Contributing Institution:  
Midwestern University, College of Veteri-
nary Medicine, Diagnostic Pathology Center 

https://www.mwuanimalhealth.com/diagnos-
tic-pathology-center 

 
JPC Morphologic Diagnosis: Cerebrum:  
Meningoencephalitis, necrotizing and suppu-
rative, focally extensive, subacute, severe, 
with vasculitis, thrombosis, and numerous 
amoebic trophozoites. 

JPC Comment: This week’s moderator was 
Dr. Jey Koehler from Auburn University who 
selected an array of neuropathology cases to 

Cerebrum, ox:  Necrotic and thrombosed vessels are surrounded by large numbers of necroitic and few viable neutrophils  and 
abundant cellular debris.  There is necrosis of the neuroparenchyma with abundant perivascular inflammation. (HE, 578X) 
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discuss with conference participants. Her pre-
conference lecture on evaluation of the nerv-
ous system proved helpful in refining de-
scriptive elements and recognizing important 
artifacts within the brain and spinal cord – 
herein we capture some of these pearls of 
wisdom in our discussion. 

This first case leaves little doubt from sub-
gross where the lesion is on the slide, though 
there are several descriptive features not to 
miss on higher magnification. The cause of 
the abundant necrotizing inflammation is 
characteristic with amoeba having distinct, 
round central nuclei and round karyosomes 
that were best appreciated with the iris dia-
phragm closed down. In comparison to Bal-
amuthia and Acanthamoeba, we did not note 
any tissue cysts, though Dr. Koehler posited 
that Naegleria infection is rapidly fatal to 
most (all?) animals, leaving little time for 
these to develop.8 The marked fibrinoid vas-
culitis and many fibrin thrombi reflect both 

direct damage to vessels from secreted amoe-
bic proteases and trogocytosis of neural tis-
sue (literally, nibbling of host cells to gain 
nutrients!)7 in addition to the indirect is-
chemic effects. The large presence of neutro-
phils reflects both amoebic recruitment and 
response to cellular injury. Dr. Koehler em-
phasized that remembering the number of 
neutrophils (granulocytes) within the neuro-
parenchyma was easy – that number should 
be zero (or else prompt you to look further 
for why they are there). For another example 
of amoebic disease (Entamoeba) with ne-
crotizing inflammation in a colobus monkey, 
see Conference 9, Case 1 from this year. 

The contributor provides an interesting take 
on Naegleria that is cemented by a solid 
gross photo of the waterer for this animal. 
Absent this highly suggestive image, confer-
ence participants also discussed other causes 
of focal encephalitis which included dehorn-
ing injury/trauma, abscessation (e.g. from a 

Cerebrum, ox:  Numerous amoebae with prominent karyosomes are scattered throughout the necrotic and inflamed neuropa-
renchyma. (HE, 870X) 
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nose ring), bovine herpesviruses, Histophilus, 
and angioinvasive fungi (Aspergillus). We 
did not identify any other agents present in 
section, however. 

Finally, conference participants enjoyed an 
enlightening discourse on the nature of ne-
crosis within the brain, encephalitis, and true 
malacia. We differed from the contributor’s 
interpretation of this case slightly in that we 
feel that the separation of the neuroparen-
chyma is largely artifactual (i.e. the process 
of cutting a soft brain) versus true cavitation 
due to necrosis. Dr. Koehler emphasized that 
thin gliovascular strands extending between 
adjacent vessels within increased clear space 
histologically are consistent with malacia 
(see Conference 5, Case 4 of the current year 
for an excellent example in a SV40-infected 
macaque) which was not observed here and 
not consistent with the mechanism of injury 
expected for Naegleria. We briefly debated 
whether this case represents an encephalitis 
versus meningoencephalitis given the mini-
mal involvement of the overlying meninges 
and the notion that observed changes may 
simply extend outward towards the menin-
ges. We ultimately accepted the contributor’s 
note that this lesion was distributed multifo-
cally and features may have differed in other 
sections. 
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CASE II:  

 
Signalment:  
1 year, 2 months old male sitatunga 

 
History:  
This sitatunga (Tragelaphus spekii) was born 
at a zoological institution in the mid-Atlantic 
region. He was apparently healthy at birth, 
nursed well, and had normal baseline blood-
work. He received routine vaccinations for 
tetanus at 8 and 12 weeks of age and rabies at 
16 weeks. At 3 months of age, he was first 
reported to have mild, intermittent ataxia in 
the rear limbs, which continued over the next 
several months, along with occasional rear 
limb lameness. There were periods when the 
ataxia became more severe and the animal 
became lethargic; at times signs progressed 
to leg crossing, circling and falling. He was 
somewhat responsive to treatment with 
NSAIDs and antibiotics, but intermittent 
ataxia persisted. Bloodwork was always 
within normal limits and spinal radiographs 
were unremarkable. Vitamin E serum levels 
were slightly low but similar to other animals 
in the collection that did not have clinical 
signs. He was treated with injectable vitamin 
E/Selenium weekly with some improvement 
in ataxia. At 11 months of age the animal 
presented with acute worsening of ataxia, 

with a right head tilt, right circling and col-
lapsing, horizontal nystagmus, and crossing 
of legs in front and back. Over the next two 
months he was treated with NSAIDs, vitamin 
E/selenium and showed mild improvement. 
On the day prior to necropsy, he acutely be-
came severely ataxic, with crossing of front 
and rear legs, right head tilt, severe right cir-
cling leading to falling, and decreased aware-
ness of surroundings. Euthanasia was elected.   

 

Gross Pathology:  
Post-fixation, on cut section there was an 
area of hemorrhage within the parenchyma at 
the level of the right basal ganglia, and multi-
ple dark brown areas within the meninges 
and extending into the superficial cortex 

 
Laboratory Results: 
PCR targeting a portion of the rRNA ITS-2 
region of Parelaphostrongylus spp was per-
formed on DNA isolated from formalin-fixed 
brain tissue from this case. The resulting 
PCR product showed 100% sequence identity 
to P. tenuis   

 

Microscopic Description: 
Cerebrum at the level of the basal ganglia: 
Beneath the meninges and extending into the 
outer layers of the cerebral cortex is a focally 
extensive area of hemorrhage, with rarefac-
tion of the neuropil and abundant eosinophils, 
lymphocytes, histiocytes, and plasma cells. 
Throughout the parenchyma, there are multi-
ple smaller tracts of hemorrhage, necrosis 
and loss of neuropil. Within some of these le-
sions are several, 100-250 um in diameter 
cross sections of adult nematodes character-
ized by a thin smooth cuticle, coelomyarian 
musculature, accessory hypodermal chords, a 
large intestinal tract with few multinucleate 

Cerebrum, sitatunga:   One section of cerebrum is submitted 
for examination.  At subgross magnification, an area of 
hemorrhage is present in the meninges (upper left). (HE, 8X) 
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cells, and a reproductive tract. There is mod-
erate to severe periventricular edema and 
gliosis, and multifocal lymphoplasmacytic 
perivascular cuffing.  

 

Contributor’s Morphologic Diagnosis: 
Brain: meningoencephalitis, lymphohistio-
cytic and eosinophilic, multifocal, chronic ac-
tive, severe, with reactive gliosis, hemor-
rhage, necrosis, and intralesional nematodes 

Contributor’s Comment:  The necrotizing 
tracts in the brain caused by migrating nema-
todes are consistent with the clinical signs of 
progressive ataxia, circling, head tilt, and loss 
of awareness of surroundings. Histological 
characteristics of the organism including a 
thin smooth cuticle, coelomyarian muscula-
ture, accessory hypodermal chords, and a 
large intestinal tract with few multinucleate 
cells, are consistent with a metastrongyle 

nematode.4 PCR and DNA sequencing con-
firmed identification of Parelaphostrongylus 
tenuis.  

 
P. tenuis, also known as the meningeal 
worm, is a nematode most commonly found 
in white-tailed deer which is the definitive 
host. In this species, adult worms are found 
within the cranial venous sinuses and the sub-
dural space. Here, adults lay eggs that travel 
through the venous blood and into the lungs. 
In the lungs, eggs embryonate into larvae 
which move into the respiratory tract, then 
are swallowed and eliminated into the feces. 
Larvae then penetrate into the foot of terres-
trial molluscs. Deer or aberrant hosts become 
infected by ingesting gastropods which con-
tain infective larvae. After ingestion, larvae 
migrate to the spinal cord and develop into 
adults in the dorsal horn of the gray matter. 
They migrate into the spinal subdural space 
and into the cranium, through the dura mater 
and into the venous sinuses.1   

 

Cerebrum, sitatunga:  At the junction of the white and gray matter, multiple cross- and tangential sections of an adult female 
metastrongyle are evident within a hemorrhagic migration tract.   (HE, 73X) 
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White-tailed deer commonly harbor menin-
geal worms, particularly in areas of decidu-
ous forest regions where the habitat is suita-
ble for gastropods. Prevalence in white-tailed 
deer populations is highly variable and has 
been reported to be up to 94% in certain ar-
eas.6  
 
P. tenuis causes little damage to the defini-
tive host, but can cause severe neurologic 
disease in other animals such as moose, cari-
bou, wapiti, mule deer, fallow deer, elk, lla-
mas, alpacas, wolves, horses, antelope, sika 
deer, sheep, calves, goat, and guinea pigs.1-3,5-

10 Clinical signs can include ataxia, hyper-
metria, paresis, paralysis, head tilt, circling, 
blindness, weight loss, depression, seizures, 
and death. Treatment of mildly affected ani-
mals has been successful with anthelminthics 
such as ivermectin, steroids, and supportive 
care. However, prognosis is guarded in ani-
mals with severe neurological signs.6 To our 

knowledge, this is the first report of P. tenuis 
infection in a sitatunga. 
 

Contributing Institution:  
Johns Hopkins University, School of Medi-
cine 
Department of Molecular and Comparative 
Pathobiology 
Broadway Research Building, #811 
733 N. Broadway 
Baltimore, MD 21205 
Phone: 443-287-2953 
Fax: 443-287-5628  
http://mcp.bs.jhmi.edu/ 

 
JPC Morphologic Diagnosis:  Cerebrum: 
Meningoencephalitis, necrohemorrhagic, fo-
cally extensive, subacute, moderate, with 
adult metastrongyle nematode. 

Cerebrum, sitatunga:  A cross section of the nematode exhibits the following:  a think cuticle, pseudocoelom, polymyarian, coe-
lomyarian musculature, a large intestine with multiple uninucleate cells, and two ross sections of uterus with luminal ova.  (HE, 
626X) 
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JPC Comment: The contributor provides a 
lovely section of P. tenuis that illustrates the 
characteristic features of this nematode in 
histologic section. While PCR is an important 
tool in diagnostic and research settings, it is 
important to recognize these features and 
generate a putative ‘culprit’ as recovery of 
nucleic acids, particularly from formalin-
fixed tissue can present issues with organism 
identification. In contrast to the first case, the 
thickening of the meninges is more pro-
nounced here and is accompanied by both 
rarefaction (small/fine-sized vacuolar change 
of the parenchyma) and spongiosis (apprecia-
bly larger vacuoles) in the immediate vicin-
ity. The linear tract of necrosis and hemor-
rhage functions almost as a signpost towards 
the profiles of these nematodes, though ab-
sent these arriving at a specific diagnosis 
would be difficult and we would also have to 
consider migrating foreign material (e.g. 
grass awn) as an outside possibility. Dr. 
Koehler noted that after the animal’s death, 
nematodes may continue to actively traverse 
the CNS and therefore be missed in histo-
logic section. One interesting feature of this 
case was that the pigmented intestinal epithe-
lial cells of P. tenuis were highlighted with 
Prussian blue, suggesting that these nema-
todes accumulate iron through ingestion of 
tissue and red blood cells. We differed from 
the contributor’s morphologic diagnosis only 
in severity, though admittedly, this is sepa-
rate and distinct from clinical effect whereby 
even mild processes within the brain can 
have marked effects. 

While the periphery of this section does not 
have many significant changes, it does pro-
vide an opportunity to discuss some of the 
challenges of processing nervous tissues for 
histologic section as discussed by Dr. Koeh-
ler in her preconference. In some cases, au-
tolysis will soften the brain and chattering or 

tearing of tissue is inevitable. One quick test 
for autolysis is to examine glial cells in the 
parenchyma – well-preserved/fixed tissue 
should have small, round glial cells. The sub-
mitted tissue in this case is fixed appropri-
ately, but possibly had minor deviations in 
temperature, reagent mixture, and/or work-
flow that led to artifactual separation – the 
difference may be as small as a few seconds 
or a few degrees Fahrenheit! We say all of 
this to emphasize that the production of qual-
ity slides is a laborious process and histology 
technicians all around the world work minor 
miracles every day to allow us to do the work 
that we do. We appreciate what the contribu-
tor provides here and provide this note as a 
reference to those starting out on their neuro-
pathology journey. 
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CASE III:  

Signalment:  
8-year-old spayed female domestic shorthair 
cat (Felis catus).  
 
History:  
The patient presented for an approximately 

72-hour progressive history of seizures mani-
festing as lip twitching, masticatory move-
ments, excessive vocalization, blindness, and 
ptyalism. Interictal behavioral changes of 
restlessness, loss of environmental awareness 
and elevated pain as perceived by the owner 
were also reported. At first presentation (48 
hours), a focal, full thickness ulcer was ob-
served on the right cranial tongue. Physical 
examination was otherwise unremarkable. 
Complete blood cell count and blood chemis-
try were also unremarkable and the patient 
was sent home with robenacoxib and bupren-
orphine for pain control. At the final presen-
tation (72 hours), the patient was reported to 
be hyperthermic and extremely agitated. 
While attempting to place an IV catheter for 
treatment, the patient underwent acute car-
diac arrest. 

 
Gross Pathology: 
There were no remarkable gross findings 
within the formalin fixed brain. The right ros-
tral tongue had a focal, linear, well-demar-
cated, purple to dark purple ulceration that 
measured 9 mm x 5 mm x 2 mm. The left lat-
eral aspect of the tongue had a linear, red to 
dark red focus that measured 5 mm x 2 mm. 

 

Laboratory Results: 
Feline Herpes Virus - 1 PCR: Negative.  
Snap FeLV/FIV Combo Test: Negative. 
 

Microscopic Description:  
Cerebrum, hippocampus: Confined to the 
hippocampus and most prominent within 
CA1, scattered neurons are characterized by 
swelling, vacuolation, prominent nissl sub-
stance or are shrunken and angular with hy-
pereosinophilic cytoplasm and fading or pyk-
notic nuclei. Glial cells are increased in num-
ber with frequent reactive astrocytes. Micro-
glial cells frequently flank neuronal debris 

510



13 
 

and are occasionally within degenerate and 
necrotic neurons (neuronophagia).  There is 
proliferation of small caliber blood vessels 
lined by hypertrophic endothelium with rare 
perivascular aggregates of small numbers of 
mononuclear cells and edema. Neurons occa-
sionally have basophilic glassy, nuclei.  

 

Contributor’s Morphologic Diagnosis:  
Cerebrum, hippocampus: Neuronal degenera-
tion and necrosis, moderate to marked, re-
gionally extensive and bilateral, acute with 
neuronophagia, astrocytosis, gliosis, micro-
vascular proliferation, perivascular inflam-
mation. 
 
Other significant histological findings (slides 
not submitted): 
Tongue: Full thickness ulceration, marked, 
multifocal, acute with necrosuppurative glos-
sitis, muscular necrosis, neuritis and abun-
dant intralesional bacterial colonies. 

 
Condition:  Feline hippocampal and piriform 
lobe necrosis (FHN) 

 
Contributor’s Comment: A diagnosis of fe-
line hippocampal and piriform necrosis 
(FHN) was given based on clinical presenta-
tion and histopathologic lesions consistent 
with those described in the literature and pre-
vious case reports. FHN is an acute onset 
neurologic disorder characterized clinically 
by rapidly progressive, often refractory focal, 
complex-partial and/or generalized tonic-
clonic seizures. Interictal behavioral changes 
reflective of limbic dysfunction are common: 
loss of environmental awareness, agita-
tion/aggression, hyperesthesia, ptyalism, py-
rexia, urinary retention and hyperexcitability 
are described.5,7,8,15 FHN has been reported in 
several countries: Australia, Austria, Eng-
land, Finland, Italy, Switzerland, and the 

A  section of diencephalon and anterior cerebellum is submitted for examination.  At this magnification, the prominent neurons 
of the hippocampus are difficult to see (with the exception of those of the dentate gyrus).  (HE, 8X) 
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United States.4,7,9,15,17,19,22 No sex, breed nor 
age disposition has been identified. 

Neurologic examination and laboratory find-
ings are non-specific. Therefore, clinical di-
agnosis is often by exclusion, coupling clini-
cal presentation with Magnetic Resonance 
Imaging (MRI) findings (the hippocampus 
and piriform lobes are T2 and FLAIR hyper-
intense, T1 hypointense, +/- contrast en-
hancement).4,7,9,15,17,19,22 Gross examination 
of the brain is regularly unremarkable, how-
ever, accentuated vascular structures or mild 
malacic changes in the piriform lobe and hip-
pocampus have been described.1,7 Definitive 
diagnosis of FHN is made via histopathology. 
Microscopically, FHN is characterized by 
varying degrees of acidophilic neuronal ne-
crosis confined to the hippocampus and pi-
riform lobe structures. The distribution of le-
sions is bilateral and symmetric, and tend to 
be most prominent within CA1. Microvascu-
lar proliferation, microgliosis/neuronophagia 
and astrocytosis are also common features. 

Lymphohistiocytic perivascular inflamma-
tion, and central chromatolysis may also be 
present, though less frequently.5,7 
 
Aforementioned, the exact pathogenesis of 
FHN is yet to be elucidated. Epileptogenic, 
immune-mediated, infectious, toxic, vascular, 
structural, degenerative and paraneoplastic 
processes have all been pro-
posed.3,4,7,9,10,15,19,20,22 Given the shared clini-
cal presentation and histologic findings of 
FHN across a potpourri of suggested etiolo-
gies, some authors hypothesize that FHN is 
more suggestive of a pathogenic neurolocali-
zation as opposed to a specific entity.19 Hip-
pocampal pyramidal neurons are particularly 
susceptible to endogenous excitotoxicity, so 
it seems conceivable that alterations in me-
tabolism, function and/or architecture of this 
neuroanatomical region could uncouple the 
regulatory mechanisms of neurotransmitter 
metabolism (hypothesized to be glutamate 

Hippocampus, cat.  Neurons of the hippocampal regions CA1-CA3 lack significant differential staining, but those of the dentate 
gyrus stain normally.    (HE, 37X) 
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and/or aspartate),2,5 leading to regionally ex-
tensive edema, ischemia and necrosis. 
 
The scope of comparative pathology of the 
FHN phenotype is relatively narrow. Bilat-
eral ischemic changes have been reported in 
dogs with refractory epilepsy and/or pro-
longed seizures.11,12 However, the topic rep-
resents an exciting area of immunology and 
neuropathology research. The clinical presen-
tation and histologic findings described in 
FHN are similar to those described in human 
Autoimmune Limbic Encephalitis 
(ALE).3,10,13,20 Many cases of ALE are de-
fined by aberrant production of antibodies 
against the neuronal cell membrane anti-
gens.3,10,13,16,20,21 Antibodies against voltage-
gated potassium channel complex (VGKC) 
extracellular domains of leucine-rich glioma-
inactivated 1 (LGI1) and contactin-associated 
protein-like 2 (CASPR2) are some of the 
most prevalently isolated, which together 
have been defined as LG1 encephalitis. Volt-

age-gated potassium channels (VGKCs) rep-
resent a group of signaling proteins capable 
of modulating a wide variety of synaptic 
functions, most prominently neuronal excita-
bility and neurotransmitter release. Dysfunc-
tion or damage to the VGKC complex carries 
the potential of hyperexcitability, seizure and 
resulting excitotoxicity. In veterinary litera-
ture, recent studies have demonstrated the 
presence of anti-LGI1 antibodies in cats with 
clinical presentations, MRI findings and his-
tologic hippocampal necrosis/sclerosis that 
parallel human LG1 encephalitis. Clinically, 
this constellation of findings has been termed 
feline complex partial seizures with orofacial 
involvement (FEPSO). FEPSO may represent 
an immune-mediated etiology of FHN, and 
carries the potential to serve as a spontane-
ously occurring animal model of human LG1 
encephalitis.3,10,19 
 
Unfortunately, feline epilepsy is often enig-
matic as many epileptic cats have atypical 
seizures, genetic markers for feline epilepsy 

Hippocampus, cat.  Neurons of the hippocampal regions CA1-CA3 are degenerating (with marked cytoplasmic vacuolation and 
condense nuclei) and few overtly necrotic (hyperchromatic cells with pyknotic nuclei) are present. (HE, 750X) 
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are poorly described, and a complete neuro-
logic work up is often not performed.17 
Therefore, these challenges hinder a more 
thorough depiction of the processes underly-
ing the FHN phenotype, resulting in ambigu-
ous diagnoses which muddle antemortem 
characterization and histopathologic correla-
tion (when available). Fortunately, growing 
awareness of FHN as a component in feline 
epilepsy will hopefully chaperone further ex-
ploration and clarification on the likely heter-
ogeneous FHN phenotype. 
 
In the presented case, several neurons had 
smudgy to glassy, basophilic appearance 
prompting PCR for feline herpesvirus-1, 
which was negative. Thus, the histogenesis 
remains unclear. FeLV/FIV status for this an-
imal was negative and the cat was up to date 
on vaccinations and was housed solely in-
doors, decreasing suspicions for rabies and/or 
Toxoplasma spp. The ulceration observed on 
the tongue was attributed as a sequelae to an 
unobserved seizure. 

 
 
Contributing Institution:  
Colorado State University Veterinary Diag-
nostic Laboratory 
Fort Collins, CO 
https://vetmedbiosci.colostate.edu/vdl/ 

 
JPC Morphologic Diagnosis: Hippocampus:  
Neuronal degeneration and necrosis, segmen-
tal, with reactive astrocytosis and spongiosis. 

JPC Comment: Although the lesion in this 
case is somewhat understated relative to the 
other slides in this conference, the contribu-
tor’s summary is anything but, and wonder-
fully summarizes the current literature on this 
entity (and we appreciate the callback to pre-
vious WSC!). The sagittal sectioning of this 
brain provides another opportunity to check 
for autolytic change, using the granular and 
molecular layer interface as a good anchoring 
point – these layers should be in apposition 

Diencephalon, cat.  Neurons of the dentate gyrus for comparison.  (HE, 750X) 
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with little vacuolation and condition of cere-
bellar neurons should also be evaluated.23 
The slide is well-preserved with little artifact 
present. 

The hippocampal changes in this case are 
better appreciated with a matched animal 
control, or at least, review of pertinent veteri-
nary literature24 to brush up on the various 
subfields of the cornu ammonis (CA). Neu-
ronal necrosis within CA1 was appreciable as 
shrunken, eosinophilic cells with pyknotic 
nuclei, though Dr. Koehler reminded confer-
ence participants that the ventral hippocam-
pus can also have darker neurons as an arti-
fact secondary to tissue manipulation and ex-
cessive pressure, and that these should be 
carefully distinguished. Other corroborating 
evidence such as reactive astrocytes (with in-
creased cytoplasm, peripheralized chromatin, 
and occasional doublets representing divi-
sion) also confirmed that changes observed 
were real. We captured this distinction of ‘re-
active’ in our morphologic diagnosis as we 
feel that it emphasizes not only the cellular 
changes of astrocytes, but the increased cell 
number elicited by this process. 

This case also had good examples of simulta-
neous cytotoxic and vasogenic edema. This is 
possibly attributed to seizure episodes, 
though glutamate effects are more localized 
to CA3 and changes in this cat were attenu-
ated. Likewise, seizure episodes might also 
generate lesions in other portions of the brain 
(e.g. head trauma and hemorrhage) which are 
absent in this section, though the effects of 
global hypoxia and cytokine generation 
might explain vascular-centered edema in 
this brain. We also briefly discussed the 
smudgy inclusions within neurons noted by 
the contributor – these likely reflect clumped 
protein aggregates and cellular dysfunction 
(unfolded protein response and integrated 

stress response)) and should not be confused 
with viral inclusion bodies, to include Negri 
bodies from rabies virus.18 

References: 

1. The Joint Pathology Center. Feline hippo-
campal necrosis. JPC Wednesday Slide Con-
ference; 2013-2014, Conference 22, Case 2. 
https://www.askjpc.org/wsco/wsc_show-
case2.php?id=MjRJVGMxMm9vVFR1clh1Z
m4yeTRWZz09. 
 
2. Barker-Haliski M, White HS. Glutama-
tergic Mechanisms Associated with Seizures 
and Epilepsy. Cold Spring Harb Perspect 
Med. 2015 Jun 22;5(8):a022863.  
 
3. Binks S, Lamquet S, Crawford AH, 
Meurs A, Irani SR, Pakozdy A. Parallel roles 
of neuroinflammation in feline and human 
epilepsies. Vet J. 2022 Dec;290:105912.  
 
4. Brini E, Gandini G, Crescio I, Fatzer R, 
Casalone C. Necrosis of hippocampus and pi-
riform lobe: clinical and neuropathological 
findings in two Italian cats. J Feline Med 
Surg. 2004 Dec;6(6):377-81.  
 
5. Cantile C., Youssef S. Nervous System. 
(2016). In: Jubb, Kennedy, and Palmer’s Pa-
thology of Domestic Animals, ed. Maxie 
M.G. 6th edition. Philadelphia: Elsevier, vol 
1, p 398-400. 
 
6. Dow, S. W., Poss, M. L. and Hoover, E. 
A. (1990): Feline immunodeficiency virus: a 
neurotropic lentivirus. J. Acquir. Immune 
Defic. Syndr. 3, 658–668. 
 
7. Fatzer R, Gandini G, Jaggy A, Doherr M, 
Vandevelde M. Necrosis of hippocampus and 
piriform lobe in 38 domestic cats with sei-
zures: a retrospective study on clinical and 
pathologic findings. J Vet Intern Med. 2000 
Jan-Feb;14(1):100-4.  
 

515

https://www.askjpc.org/wsco/wsc_showcase2.php?id=MjRJVGMxMm9vVFR1clh1Zm4yeTRWZz09.
https://www.askjpc.org/wsco/wsc_showcase2.php?id=MjRJVGMxMm9vVFR1clh1Zm4yeTRWZz09.
https://www.askjpc.org/wsco/wsc_showcase2.php?id=MjRJVGMxMm9vVFR1clh1Zm4yeTRWZz09.


18 
 

8. Fletcher NF, Meeker RB, Hudson LC, 
Callanan JJ. The neuropathogenesis of feline 
immunodeficiency virus infection: barriers to 
overcome. Vet J. 2011 Jun;188(3):260-9.  
 
9. Fors S, Van Meervenne S, Jeserevics J, 
Rakauskas M, Cizinauskas S. Feline hippo-
campal and piriform lobe necrosis as a conse-
quence of severe cluster seizures in two cats 
in Finland. Acta Vet Scand. 2015 Jul 
28;57(1):41.  
 
10. Glantschnigg-Eisl U, Klang A, Kneissl S, 
Lang B, Waters P, Irani SR, Binks SNM, Pa-
kozdy A. A feline model of spontaneously 
occurring autoimmune limbic encephalitis. 
Vet J. 2023 Jun-Jul;296-297:105974.  
 
11. Hasegawa D, Fujita M, Nakamura S, 
Takahashi K, Orima H (2002) Electrocortico-
graphic and histological findings in a shet-
land sheepdog with intractable epilepsy. J 
Vet Med Sci 64:277–279. 
 
12. Hasegawa D, Nakamura S, Fujita M, 
Takahashi K, Orima H (2005) A dog show-
ing Klüver–Bucy syndome-like behavior and 
bilateral limbic necrosis after status epilepti-
cus. Vet Neurol Neurosurg J 7:1–14. 
 
13. Hasegawa D, Ohnishi Y, Koyama E, 
Matsunaga S, Ohtani S, Nakanishi A, Shiga 
T, Chambers JK, Uchida K, Yokoi N, Fukata 
Y, Fukata M. Deleted in colorectal cancer 
(netrin-1 receptor) antibodies and limbic en-
cephalitis in a cat with hippocampal necrosis. 
J Vet Intern Med. 2019 May;33(3):1440-
1445.  
 
14. Hora AS, Tonietti PO, Guerra JM, Leme 
MC, Pena HF, Maiorka PC, Brandão PE. Fe-
lid herpesvirus 1 as a causative agent of se-
vere nonsuppurative meningoencephalitis in 
a domestic cat. J Clin Microbiol. 2013 
Feb;51(2):676-9.  
 

15. Klang A, Högler S, Nedorost N, Weissen-
bacher-Lang C, Pákozdy Á, Lang B, Weis-
senböck H. Hippocampal necrosis and sclero-
sis in cats: A retrospective study of 35 cases. 
Acta Vet Hung. 2018 Jun;66(2):269-280.  
 
16. Montojo MT, Petit-Pedrol M, Graus F, 
Dalmau J. Clinical spectrum and diagnostic 
value of antibodies against the potassium 
channel related protein complex. Neurologia. 
2015 Jun;30(5):295-301.  
 
17. Moore SA. Seizures and epilepsy in cats. 
Vet Med (Auckl). 2014 Jul 30;5:41-47. doi: 
10.2147/VMRR.S62077. PMID: 32670845; 
PMCID: PMC7337200. 
 
18. Nietfeld JC, Rakich PM, Tyler DE, Bauer 
RW. Rabies-like inclusions in dogs. J Vet Di-
agn Invest. 1989;1(4):333-338. 
 
19. Pakozdy A, Gruber A, Kneissl S, 
Leschnik M, Halasz P, Thalhammer JG. 
Complex partial cluster seizures in cats with 
orofacial involvement. J Feline Med Surg 
(2011) 13:687–93. 
10.1016/j.jfms.2011.05.014  
 
20. Pakozdy A, Halasz P, Klang A, Bauer J, 
Leschnik M, Tichy A, Thalhammer JG, Lang 
B, Vincent A. Suspected limbic encephalitis 
and seizure in cats associated with voltage-
gated potassium channel (VGKC) complex 
antibody. J Vet Intern Med. 2013 Jan-
Feb;27(1):212-4. doi: 10.1111/jvim.12026. 
Epub 2012 Dec 28. PMID: 23278981. 
 
21. Plantone D, Renna R, Koudriavtseva T. 
Neurological diseases associated with auto-
antibodies targeting the voltage-gated potas-
sium channel complex: immunobiology and 
clinical characteristics. Neuroimmunology 
and Neuroinflammation. 2016; 3: 69-78.  
 
22. Scalia B, Caine A, Pittaway R, Cherubini 
GB. Feline temporal lobe epilepsy: seven 

516



19 
 

cases of hippocampal and piriform lobe ne-
crosis in England and literature review. J Fe-
line Med Surg. 2022 Jun;24(6):596-608.  
 
23. Wohlsein P, Deschl U, Baumgärtner W. 
Nonlesions, unusual cell types, and postmor-
tem artifacts in the central nervous system of 
domestic animals. Vet Pathol. 2013 
Jan;50(1):122-43. 
 
24. Zilli J, Schänzer A, Büttner K, Kressin 
M, Schmidt MJ (2022) Quantitative and qual-
itative evaluation of the hippocampal cytoar-
chitecture in adult cats with regard to the 
pathological diagnosis of hippocampal scle-
rosis. PLOS ONE 17(5): e0268010. 

 
CASE IV:  

 
Signalment:  
Adult, female intact, North American beaver 
(Castor canadensis) 
 
History: 
The beaver was found in a creek bed and ani-
mal control found the beaver lethargic and 
unresponsive. Following capture, the animal 
was reported to be “rolling in the crate”. The 
beaver was brought to a local wildlife reha-
bilitation center where she was reported to be 

neurologic and ataxic while walking with im-
paired vision. Euthanasia was elected and the 
animal submitted for necropsy exam.   

 

Gross Pathology:  
A 7.14 kg intact female beaver (Castor cana-
densis) was submitted for necropsy, 3 days 
postmortem and in fair postmortem condi-
tion. The nutritional state was fair based on 
small amounts of visceral and subcutaneous 
adipose tissue, and muscling was adequate. 
The lungs, heart, liver, kidneys, spleen, and 
gastrointestinal tract were unremarkable. The 
stomach contained a moderate amount of 
pale tan and fibrous digesta. The small intes-
tine contains a moderate amount of tan to 
grey, mucoid digesta. The large intestine and 
rectum contain an abundant amount of well-
formed feces. 

 

Laboratory Results:  
Rabies antigen and highly pathogenic avian 
influenza PCR of fresh brain was negative. 
Canine Distemper IHC had variable immuno-
reactivity in the nucleus of neurons and astro-
cytes in the brain (interpreted as artifact) and 
negative by PCR on formalin fixed, paraffin 
embedded brain and lung.  

 
Microscopic Description:  
Brain, cerebrum: Examined are sections of 
cerebrum, hippocampus, and mid-brain. Pre-
dominately affecting the left hemisphere of 
the cerebrum, numerous eosinophils, macro-
phages, lymphocytes and plasma cells ex-
pand the perivascular and meningeal space. 
Abundant eosinophils and fewer plasma 
cells, and increased glial cells are scattered 
throughout the neuropil of affected areas. 
Embedded within the neuropil of the white 
matter are cross and tangential sections of 

Brain, beaver:  One hemisection of diencephalon and one of 
brainstem and pituitary gland are submitted for examina-
tion.  At low magnification, perivascular cuffs and areas of 
pallor are seen in the cerebrum and thalamus.   (HE, 6X) 
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larval nematodes. The nematodes are approx-
imately 70 µm in diameter with a 2.5 um 
thick cuticle and prominent lateral chords and 
lateral alae. The pseudocoelom contains coe-
lomyarian musculature and digestive tract 
composed of uninucleate columnar cells. 
Scant inflammatory cells surround the nema-
todes. Multifocally within the grey and white 
matter are foci of necrosis characterized by 
disruption, loss and vacuolation of the neuro-
pil and presence of macrophages and Langer-
hans type multinucleated giant cells with 
fewer lymphocytes and glial cells, and scant 
plasma cells. Throughout the cerebrum, there 
are rare necrotic neurons and neurons sur-
rounded by glial cells (satellitosis). The white 
matter of the midbrain is rarified with bands 
of eosinophilic, fibrillar material, increased 
clear space, glial cells and astrocytes.  Rare 
neurons within the adjacent gray matter are 
variably replaced by homogenous to coarsely 
stippled basophilic mineral. 

Brain, brain stem: Section contains histologi-
cally unremarkable brain stem.  

Brain, pituitary, pars distalis: Section con-
tains histologically unremarkable pars dis-
talis.  

 
 

Contributor’s Morphologic Diagnosis:  
Brain, cerebrum: Eosinophilic and necrogran-
ulomatous meningoencephalitis, chronic, se-
vere, with gliosis and nematode larvae 

Brain, midbrain: White matter degeneration, 
chronic, moderate, with astrogliosis and as-
trocytosis (glial scar) 

 

Contributor’s Comment: Baylisascaris spe-
cies are nematodes that share the order Asca-
ridia with Toxocara canis and Toxocara cati. 
The most widespread and ubiquitous 
Baylisascaris is B. procyonis. Raccoons 
(Procyon lotor) and dogs (Canis familiaris) 
are the definitive hosts of B. procyonis, alt-
hough numerous species of mammals and 
birds have been identified as intermediate 
hosts,3 including a report in two American 
beavers (Castor canadensis).2 In raccoons, B. 
procyonis is confined to the intestines and 
rarely causes disease.3 In definitive hosts, 
eggs hatch and develop into adults in the in-
testine and subsequently females lay eggs 
that are passed into the environment with fe-
ces, continuing the cycle. Consumption of 
contaminated feces or an infected host may 
cause reinfection in the definitive host or in-
fection in intermediate hosts. In intermediate 
hosts, larvae do not develop into adults, but 

Cerebrum, beaver:  The meninges and Virchow-Robins 
spaces are expanded by large number of lymphocytes, mac-
rophages and eosinophils, and multifocal migration tracts 
are present within the parenchyma.   (HE, 56X) 

Cerebrum, beaver:  The meninges and Virchow-Robins 
spaces are expanded by large number of lymphocytes, mac-
rophages and eosinophils, and multifocal migration tracts 
are present within the parenchyma.   (HE, 56X) 
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can migrate to numerous tissues such as the 
brain (neural larval migrans, NLM), eye (oc-
ular larval migrans, OLM), and viscera (vis-
ceral larval migrans, VLM) where they may 
cause substantial disease and death.3 The pre-
cise pathogenesis of larval migrans is un-
clear, however, migration through the intesti-
nal epithelium into the portal vasculature or 
lungs has been proposed.7 

Compared to Toxocara spp., B. procyonis is 
particularly pathogenic due to aggressive tis-
sue migration,6,9 continued growth and devel-
opment of larval migrans,6,9 and release of 
tissue damaging proteins and host eosino-
philic toxins.4,6,8. Most often, lesions are nod-
ular foci consisting of larvae encased in gran-
ulomas with substantial eosinophilic inflam-
mation. In this case, there was substantial 
meningoencephalitis and there were granulo-
mas, but larvae were not observed encased in 
a granuloma (perhaps as a function of cut).It 

has been reported that encapsulation of larva 
takes longer in the central nervous system.7  
 
B. procyonis is reported to be widespread in 
raccoons in North America with a prevalence 
between 37 and 82% of raccoons affected.6,11 
B. procyonis has also spread through Europe 
with the introduction of American rac-
coons.12 B. procyonis is recognized as zoono-
tic and it can cause fatal visceral and neural 
larval migrans in children, though ocular mi-
grans is more common in adults.3 In a survey 
of 150 adults from California, as many as 7% 
of non-symptomatic adults tested seroposi-
tive, suggesting that the prevalence in human 
populations may be higher than previously 
thought.13  
 
At least nine species of Baylisascaris have 
been described (Table 1), with the most nota-
ble being Baylisascaris procyonis due to its 
destructive larval migration. It is also the 
only known species of Baylisascaris to infect 
humans. While reports of larval migrans in 

Cerebrum, beaver:  Adjacent to a vessel cuffed by large number of lymphocyte, macrophages and eosinophils, there are three 
cross sections of a larval ascarid nematode with a thin cuticle with lateral alae, a pseudocoelom, polymyarian-coelomyarian 
musculature, prominent lateral chords, and a small intestine lined by multinucleated cells.   (HE, 480X) 
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Baylisascaris procyonis are common, in 
other species confirmed disease in naturally 
infected paratenic hosts are rare (Table 1). 
However, all species of Baylisascaris are po-
tentially pathogenic, as most species have 
been shown to experimentally infect and 
cause disease in rodents.10  
 
In this case, the only other histologic findings 
were a mild eosinophilic and lympho-
plasmacytic enterocolitis with a single, in-
traluminal, unidentified nematode egg in 
cross section and a focal lymphoplasmacytic 
interstitial nephritis with minimal eosino-
phils. Parasites are common in wildlife spe-
cies, and the eosinophilic enterocolitis and in-
traluminal parasitic egg is consistent with a 
parasitic enteropathy. The clinical signifi-
cance of these findings is unknown.  
 
Table 1. Baylisascaris species and definitive 
hosts with reported larval migrans in natural 
infected paratenic hosts.  
Baylisascaris 
spp. 

Definitive 
host(s) 

Natural 
Paratenic 
Host 

Baylisascaris 
columnaris 

Skunks Primates15 

Baylisascaris 
devosi 

Fishers, 
martens, 
wolverines 

No reports 

Baylisascaris 
laevis 

Marmots, 
ground 
squirrels  

No reports 

Baylisascaris 
melis 

Badgers No reports 

Baylisascaris 
potosis 

Kinkajou No reports 

Baylisascaris 
procyonis 

Raccoon, 
dogs 

Humans,14 
mammals, 
and birds1 

Baylisascaris 
schroederi 

Giant Panda No reports 

Baylisascaris 
transfuga 

Bears Moose5  

Baylisascaris 
venezuelensis 

Spectacled 
bear 

No reports 

 

Contributing Institution: 
Colorado State University 
Department of Microbiology, Immunology, 
and Pathology 
https://vetmedbiosci.colostate.edu/vdl/ 

 
JPC Morphologic Diagnosis:  Transverse 
cerebrum at the level of the thalamus:  Me-
ningoencephalitis, necrotizing, eosinophilic, 
and granulomatous, subacute, multifocal and 
asymmetric, marked, with gliosis and larval 
ascarids. 

 

JPC Comment: The final case of this con-
ference provides both overlapping and differ-
ing features in comparison to the P. tenuis 
meningoencephalitis observed in Case 2 in a 
sitatunga. Cross-sections of larval Baylisas-
caris were focal in the sections we reviewed, 
though the expansion of the leptomeninges 
and reactive astrocytes with distinct pro-
cesses are a solid indication of a more clini-
cally severe process that led to the decline of 
this animal. While both cases were necrotiz-
ing, there is a sizable eosinophil contingent 
as well as the presence of multinucleated gi-
ant cell macrophages which are conspicuous 
here. We considered the chronicity of this 
case at length – did the presence of multinu-
cleated giant cells not indicate a transition to 
chronic inflammation? The presence of in-
flammatory cells within the neuroparen-
chyma (reminder from Case 1 discussion: the 
number of eosinophils in the brain is should 
still be zero) is an indicator of the breach of 
the blood-brain barrier, and the entry of large 
histiocytes should theoretically take longer 
given their size and circulating number. Dr. 
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Koehler stood fast on subacute chronicity, 
noting that the large numbers of eosinophils 
and macrophages can appear relatively 
quickly within the brain (within 72 hours) 
and that meningeal fibrosis was a better arbi-
ter of the actual transition to chronic inflam-
mation – this was not a feature of this case at 
all. Conversely, the large numbers of intact 
eosinophils argued against a longer time 
course as lifespan within tissue is several 
days on average and overall numbers should 
decline with time. Accordingly, the features 
of this case certainly straddle the line of acute 
and chronic, though the clinical history of 
‘Justin Beaver’ (this animal’s actual given 
name) leaves much information to our imagi-
nation and allows both camps to feel vindi-
cated in their interpretation. Finally, we ex-
tend a special thank you to the contributor for 
their excellent summary (Table 1) of 
Baylisascaris across species and hope others 
will find it useful. 
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