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CASE I:   
 
Signalment:  
22 month-old, neutered male, dog, Schnauzer. 
 
History:  
The dog was referred to the Veterinary Hospi-
tal with a history of weight loss, inappetence, 
vomiting, and mild diarrhea. Blood samples 
were collected for total blood cell counts, a bi-
ochemical profile, and serological tests to de-
tect anti-Leishmania antibodies. Blood sam-
ples were collected at admission and weekly 
while the dog was under medical care. Physi-
cal examination demonstrated enlargement of 
the cervical and popliteal lymph nodes. Clini-
cal examination also revealed abdominal pain, 

hepatomegaly, and splenomegaly. Ultraso-
nography confirmed splenomegaly and 
demonstrated intestinal wall thickening. As-
pirative cytology evaluation of the spleen and 
popliteal lymph node was performed. The first 
blood cell count revealed anemia, thrombocy-
topenia, and mild monocytosis. Based on the 
hematology results, erlichiosis was suspected. 
Based on initial suspicion, doxycycline (5 
mg/kg IV bid), maropitant citrate (1 mg/kg sc 
for 5 d), and fluid (ringer lactate) were pre-
scribed. Therefore, an exploratory laparotomy 
with splenectomy was performed. The spleen 
was submitted to histopathology. A re-check 
five days after the onset of therapy showed no 
changes on clinical examination. Cytopatho-

1-1. Liver, spleen, and lymph node, dog. A sec-
tion of liver, spleen, and lymph node were sub-
mitted. Throughout all three sections there is a 
multifocal to coalescing cellular infiltrate that 
obscures large regions of the preexisting archi-
tecture. (HE, 2x). 

1-2. Liver, dog: The sinusoids are markedly ex-
panded by granulomatous inflammation. (HE, 
4x). 
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logical findings were compatible with histio-
cytic lymphadenitis and splenitis associated 
with higher numbers of cell-associated acid-
fast bacilli. Then, 20 days after admission, the 
dog was treated with metronidazol (15 mg/kg, 
IV, bid, 7 days), amoxicillin and clavulanate 
(20 mg/kg, IV, bid, 14 days), silymarin (25 
mg/kg, vo, sid, 14 dias), ursodeoxycholic acid 
(15 mg/kg, vo, sid 10 days), ondansetron (0.22 
mg/kg, IV, tid, 14 days), and rifampicin (20 
mg/kg, vo, tid) used to treat Mycobacterium 
infection. Ten days later, the clinical condition 
worsened, and the dog presented with regurgi-
tation of food, weakness, and lethargy. The 
dog was monitored since admission, totaling 
30 days, when he died after rapid deterioration 
of his clinical condition. The owner authorized 
a cosmetic necropsy. Most organs were col-
lected for histopathology. Samples of spleen 
and lymph nodes were collected and frozen for 
molecular analysis. 
 
Gross Pathology:  
The spleen (surgically removed) was mark-
edly enlarged, with roughly twice its normal 
size. The subcapsular surface presented nu-
merous multifocal to coalescing yellow-whit-
ish foci. Approximately 90% of the paren-

chyma was replaced by multifocal to coalesc-
ing prominent, slightly soft, yellow-whitish 
millimetric areas. Two focally extensive whit-
ish, amorphous, and soft areas measuring ap-
proximately 4 cm in diameter were grossly in-
terpreted as caseous necrosis. At necropsy, the 
dog was emaciated, and the oral and ocular 
mucosae were white to slightly yellow. All 
cervical, axillary, popliteal, mediastinal, tra-
cheobronchial, iliac (external and internal), 
and mesenteric lymph nodes were markedly 
enlarged, some of which were more than five 
times their normal size. The capsules of these 
lymph nodes were tense, and on the cut sur-
face their normal morphologic characteristic 
were lost, with the cortex and medulla re-
placed by yellow-whitish solid soft tissue. The 
ventral portions of the pulmonary lobes (espe-
cially on the left side) were dark-red and con-
solidated, with viscous yellow exudate drain-
ing from the bronchial lumen and paren-
chyma. The liver was markedly enlarged, with 
rounded edges and a yellowish surface. Fila-
ments and plaques of fibrin were observed on 
the capsular surface of the right hepatic lobes. 
On cut surface, multifocal to coalescing 
slightly prominent yellow-whitish foci were 
interspersed with red-yellowish parenchyma. 
Kidneys were pale red, interspersed with sev-
eral whitish soft foci in the cortex. 
 
Laboratory Results:  
Serological tests for Leishmania: Indirect im-
munofluorescent (RIFI) in 1:40 dilution and 
enzyme-linked immunosorbent assay 
(ELISA) for IgG were negative.  

Clinical pathology:  
CBC: 4.79 Hgb, 9.7 Hgb; 28.0 % Hct; 12.912 
Seg; 1.603 Mno; 166.000 platelets and me-
tarubricytes, 2.9%.  
Biochemical profile: alkaline phosphatase, 
552.0 U/L; ALT, 177.35 U/L; AST, 223.73 
U/L. Albumin, 1.69 g/dL Popliteal lymph 
node aspirate biopsy: many macrophages with 
numerous small vacuoles in the cytoplasm.  

1-3. Liver, dog. Histocytes are epithelioid with 
abundant amphophilic, granular cytoplasm. (HE, 
10x) 
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Acid-fast (Ziehl-Neelsen) staining of lymph 
node and spleen aspirates: large numbers of 
acid-fast bacilli associated with macrophages  
Molecular analysis of DNA extracted from 
spleen and feces:  
PCR for M. bovis, M. tuberculosis and M. 
avium subsp. resulted negative.  
PCR and sequencing identified the bacilli as 
Mycobacterium avium subsp. avium. 
 
Histopathologic Description:  
Histopathological evaluation of the spleen re-
vealed marked inflammatory reaction replac-
ing the normal architecture. Multifocal to coa-
lescing aggregates of epithelioid macrophages 
and fewer multinucleated cells compressed 
and replaced the red and white pulp. The re-
maining normal red pulp had several nucle-
ated erythroid cells and some megakaryo-
cytes. Lymphocytes and plasma cells were 
markedly reduced. In addition, a focally ex-
tensive area consisted of amorphous eosino-
philic material mixed with fibrin and cellular 
debris.  
 
The lymph node parenchyma was 90 to 95% 
replaced by macrophages, epithelioid macro-
phages, and a lower number of multinucleate 
cells (2-3 nuclei). The remaining parts of the 
architecture were the subcapsular sinus and 
the small lymphoid follicles. Inflammatory 
cells similar to those in the spleen and lymph 
nodes replaced about 50-60% of the normal 
liver parenchyma. In the sinusoids of these are 
as, numerous lymphocytes, several nucleated 
erythroid cells, and fewer megakaryocytes 
were present.  
 
The mucosa and submucosa of the small and 
large intestine were thickened by granuloma-
tous inflammation, composed mostly of epi-
thelioid macrophages and a lower number of 
multinucleated cells with up to five nuclei. In 
the small intestine, granulomatous inflamma-
tion replaced 90% of the lymphoid follicles 

(Peyer plaques). Pulmonary lobes showed 
suppurative bronchopneumonia and fibrino-
suppurative pleuritis. In addition, there was an 
occlusive thrombus in a bronchial artery. Mul-
tifocal interstitial and alveolar granulomatous 
inflammation was also present.  
 
The kidneys had mild multifocal interstitial 
granulomatous inflammation, similar to that 
observed in the other organs mentioned above. 
In addition, moderate membranous glomeru-
lopathy and tubular proteinuria were present. 
Ziehl-Neelsen special staining of the spleen, 
lymph nodes, liver, lungs, kidneys, and intes-
tine showed large amounts of acid-fast bacilli 
within macrophages and multinucleated cells. 
 
Contributor’s Morphologic Diagnoses:  
Spleen: marked multifocal to coalescing gran-
ulomatous splenitis, lymphoid atrophy, locally 
extensive lytic necrosis, and moderate ex-
tramedullary hematopoiesis.  
Lymph nodes: marked diffuse granulomatous 
lymphadenitis and lymphoid atrophy.  
  
Liver: marked multifocal to coalescing granu-
lomatous hepatitis and moderate extramedul-
lary hematopoiesis.  

1-4. Liver, dog. Macrophage cytoplasm con-
tains abundant 2 µm basophilic rods. (HE, 
100x) 
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Not submitted tissues:  
Small and large intestine (mucosa and submu-
cosa): moderate multifocal to coalescing cir-
cumferential granulomatous enteritis and lym-
phoid atrophy in the gut-associated lymphoid 
tissue.  
Lungs: marked acute suppurative broncopneu-
monia, and mild multifocal granulomatous 
pneumonia.  
Kidneys: mild multifocal granulomatous ne-
phritis and moderate membranous glomeru-
lopathy associated with tubular proteinuria. 
 
Contributor’s Comment: 
Gross and histopathological findings associ-
ated with acid-fast positive stain were compat-
ible with disseminated mycobacteriosis. The 
large numbers of intracellular bacilli are more 
suggestive of mycobacteriosis caused by M. 
avium. Molecular analysis, including se-
quencing, confirmed M. avium subsp. avium 
infection in this dog. The three most common 
species of Mycobacterium, namely M. tuber-
culosis (human), M. bovis (cattle), and M. 
avium (avian species), affect their preferential 
hosts more often. Still, cross-infections may 
occur involving several other host species. M. 
bovis and M. tuberculosis cause tuberculosis 
characterized by disseminated or localized in-
fections in the lungs or in the gastrointestinal 
tract. M. avium, one of the species of the M. 
avium-intracellulare complex (MAC), can 
cause mycobacteriosis or atypical mycobacte-
rium4. The avium species includes 4 subspe-
cies, i.e., M. avium subsp. avium, M. avium 
subsp. hominissuis, M. avium subsp. silvati-
cum, and M. avium subsp. paratuberculosis2, 

16. M. avium subsp. avium infection is com-
mon in domestic11, wild8, and exotic captive 
birds 5, but it is rare in mammals1. M. gena-
vense is another common cause of myco-
bateriosis in birds12. In dogs, disseminated 
mycobacteriosis has also been caused by M. 
avium subspecies avium7,1 and M. avium sub-

species hominis9,3. Disseminated canine tu-
berculosis caused by M. tuberculosis infection 
has also been reported13. 
Lesions produced by M. avium infection are 
more proliferative and consist of diffuse infil-
tration of macrophages, epithelioid cells, and 
multinucleate cells, accompanied by numer-
ous bacilli and extensive fibroplasia. Dogs and 
cats usually present lesions as granulation tis-
sue4. The disseminated infection in this dog 
was characterized by diffuse granulomatous 
inflammation (predominantly macrophages 
and epithelioid cells, with occasional giant 
cells) with numerous bacilli, similar to M. 
avium infection in birds. Caseous necrosis was 
present only in two locally extensive areas in 
the spleen. Similar findings caused by M. 
avium were described in dogs7 and in cats10. A 
genetic predisposition to MAC infections may 
exist in basset hounds, Siamese cats10 and in 
schnauzers7. Eggers et al. 7 detected depletion 
of T and B lymphocytes in three miniature 
schnauzers with disseminated mycobacterio-
sis. Evidence suggesting or corroborating im-
munosuppression could not be confirmed in 
this dog. Nevertheless, another fact should be 
considered. This dog was the only infected an-
imal in a house with three other animals. The 
dog lived permanently in the backyard with 
three other animals: a dog and two cats. One 

1-5. Liver, dog. Acid fast, 2 um rods markedly 
expand the cytoplasm of almost all histio-
cytes throughout regions of granulomatous 
inflammation. (Ziel-Neeson, 100x) 
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cat died almost at the same time as this dog; 
however, it was diagnosed with pulmonary 
carcinoma. Frozen tissue of this cat was tested 
for Mycobacterium spp. and resulted negative. 
The dog and another cat were monitored dur-
ing four months, and no abnormalities were 
detected. Feces of these animals were col-
lected twice and tested by culture and PCR for 
Mycobacterium spp. and were negative. 
 
The cause of progressive anemia was not well 
defined. Renal lesions were considered insuf-
ficient to interfere with erythropoietin and 
produce anemia. Intestinal lesions could im-
pair nutrient absorption, and a possible effect 
on red blood cell production may occur. Nev-
ertheless, dissemination of macrophages 
loaded with myriads of bacterial rods through-
out bone marrow could determine myelo-
phthisis. The bone marrow was not examined 
in this case, but its involvement and conse-
quent anemia in schnauzers with disseminated 
mycobacteriosis have been described14,15. 
 
The gastrointestinal route of infection could 
be suspected because the lesions were pre-
dominant in the gastrointestinal organs and 
less intense in the respiratory tract. The source 
of infection was possibly drinking water, since 
the owner reported that, some weeks before 
the animal presented with signs of disease, he 
found wild bird feces in the dog’s drinking 
water. The backyard had some trees and birds 
(especially sparrows). Wild birds (sparrows, 
crows, and pigeons) may act as reservoirs and 
can shed the infection to the environment 17. 
The bacteria can persist in the environment for 
many years, especially in the soil5,6. 
 
MAC is an opportunistic pathogen in immun-
ocompromised humans2. The dog was in close 
contact with its owners, but they had no his-
tory of disease. 
 
 
 

Contributing Institution:  
Veterinary School Universidade Federal de 
Minas Gerais 
www.vet.ufmg.br 
 
JPC Diagnoses:   
1.  Liver: Hepatitis, granulomatous, chronic, 
multifocal to coalescing, severe, with numer-
ous intracytoplasmic bacilli. 
2. Spleen:  Splenitis, granulomatous, chronic, 
diffuse, severe, with numerous intracytoplas-
mic bacilli. 
3. Lymph node: Lymphadenitis, granuloma-
tous, chronic, diffuse, severe, with numerous 
intracytoplasmic bacilli. 
4. Liver, spleen: Extramedullary hematopoie-
sis, diffuse, mild to moderate. 
 
JPC Comment:   
All clinical presentations of mycobacteriosis 
are uncommon in dogs, and disseminated dis-
ease is even rarer4. An interesting feature of 
mycobacteriosis in both dogs and cats is an ap-
parent breed predisposition. In dogs, minia-
ture schnauzers, as in this case, and basset 
hounds are predisposed. In cats, reported pre-
dispositions include the Siamese, Somali, and 
Abyssinian breeds4,20. These breed associa-
tions suggest underlying genetic factors, likely 
involving genes that impair the host’s ability 
to recognize and neutralize Mycobacte-
rium species. 
  
The miniature schnauzer has the best-charac-
terized genetic defect. Miniature schnauzers at 
increased risk of mycobacteriosis frequently 
harbor a CARD9 deficiency caused by a mu-
tation in the CARD9 gene4, 19, 21. CARD9 is an 
adapter signaling protein best known for its 
critical role in antifungal immunity. Interest-
ingly, humans with analogous CARD9 defi-
ciencies do not appear predisposed to myco-
bacterial infections; however, as expected, 
they face a heightened risk of severe fungal 
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disease21. Notably, these patients often de-
velop localized or systemic Candida infec-
tions without other predisposing conditions, a 
presentation characteristic of CARD9 defi-
ciency19. Mechanistically, fungi are recog-
nized by various pattern recognition receptors 
(PRRs), which recruit CARD9 to trigger the 
host innate immune response21. Although the 
presentation differs between humans and 
dogs, absent or minimal activation of the 
host’s innate immune system against organ-
isms that are generally nonpathogenic in 
healthy, immunocompetent individuals is a 
key unifying feature.  
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CASE II:  
 
Signalment:  
8 years 3.5 months, Female, Slender-tailed 
Meerkat, Suricata suricatta 
 
History:  
An adult female meerkat housed in a zoologi-
cal collection was found collapsed. Nine  

months previously, the animal had a ‘fit’ wit-
nessed by the keepers, followed by a ‘vacant’ 
episode the following month. Skull radio-
graphs during a routine health check two 
months later revealed a mild opacity in the re-
gion of the left caudal cerebrum. On the day 
of presentation, additional radiographs 
showed similar irregular soft-tissue densities 
in the same region. Due to the clinical suspi-
cion of the cause of the neurological signs, an-
esthesia was not reversed, and an intracardiac 
barbiturate injection euthanized the animal. 
Additional findings included evidence of pre-
vious conspecific aggression, with crusting 
present over the ear pinna and distal tail. 
 
Gross Pathology:  
Gross examination revealed a moderately 
thickened calvarium, with strong adhesions to 
the underlying, moderately thinned and friable 
cerebrum, with a moderate hydrocephalus.  
 
Laboratory Results:  
Serum cholesterol measured approximately 24 
months and six months before euthanasia was 
16.96 mmol/L and 13.01 mmol/L, respec-
tively (ZIMS global species RI: 4.95-18.52 
mmol/L). 
 

2-1. Brain and skull, slender-tailed meerkat (Su-
ricata suricatta). Effacing a focally extensive re-
gion of brain parenchyma and eroding overlying 
bone are abundant negatively staining acicular 
clefts. (HE, 2x) 
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Microscopic Description:  
 
Parietal skull with brain. Two sections of the 
cerebrum and overlying calvarium are exam-
ined; both are histologically similar. Occupy-
ing at least 75% of the sections, this focally 
extensive, poorly demarcated, irregularly 
shaped area expands the meninges and in-
vades and replaces the cerebrum and calvar-
ium. This area is composed of irregularly ar-
ranged clear elongate acicular cholesterol 
clefts. Between aggregates of these choles-
terol clefts are variable amounts of cerebral 
parenchyma multifocally infiltrated by a mod-
erate number of foamy haemosiderin-laden 
macrophages (haemosiderophages) and occa-
sional lymphocytes and plasma cells. Within 
the cholesterol clefts and associated cerebral 
parenchyma are variably sized areas of hem-
orrhage. The cerebral parenchyma contains 
multifocal foci of mineralization, measuring 
up to 0.07mm in diameter. Adjacent to choles-
terol clefts replacing the calvarium are low to 
moderate numbers of osteoclasts associated 
with areas of immature woven bone (bone re-
modeling). 
 
 

Contributor’s Morphologic Diagnoses:  
1. Cerebrum, meninges, calvarium; focally 

extensive severe cholesterol granuloma 
with haemosiderophages and foci of min-
eralization 

2. Calvarium; multifocal moderate bone re-
modeling 

 
Contributor’s Comment: 
Cholesterol granulomas (cholesteatomas) are 
non-neoplastic, often asymptomatic, slow-
growing aggregates of cholesterol crystals and 
macrophages within tissues.8 They are most 
often diagnosed in older horses and are rarely 
found in other veterinary species, including 
dogs, cats, and, as in this case, meer-
kats.1,3,5,6,8,9 In horses, cholesterol granulomas 
are benign masses associated with inflamma-
tion of the choroid plexus in the base of the 
lateral ventricles. They are often incidental 
findings on computed tomography (CT) scans 
or post-mortem examination. In horses, the 

2-3. Brain, slender-tailed meerkat (Suricata 
suricatta). The cholesterol granuloma is 
composed of acicular clear clefts, macro-
phages with vacuolated cytoplasm, and mul-
tinucleated giant cells. (HE, 20x). 

2-2. Brain and skull, slender-tailed meerkat 
(Suricata suricatta). Acicular clefts and in-
flammatory cells efface the gray matter and 
multifocally erode bone. (HE, 4x). 
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pathogenesis is thought to result from recur-
rent choroid plexus congestion, edema, and 
hemorrhage with degenerate erythrocytes, 
leading to cholesterol crystal formation and a 
foreign body-type response.2 In humans, intra-
cranial cholesterol granulomas have been as-
sociated with chronic middle ear disease and 
rarely disruption of nasal ventilation and 
drainage7. The exact pathogenesis is unclear 
but is believed to be like that in horses. In pre-
vious reports of cholesterol granulomas in 
meerkats, an association between chronic in-
flammation, hemorrhage and cholesterol crys-
tal deposition has not been proven.8 In this 
case, the small areas of hemorrhage and aggre-
gates of haemosiderophages within the cho-
lesterol granuloma may support a similar path-
ogenesis to that described in other species and 
question the role of trauma as the inciting 
cause. Conversely, the hemorrhage and in-
flammation could be secondary to the severe 
destruction of brain tissue and parietal bone. 
Previous reports of cholesterol granulomas in 
meerkats describe them as originating from 
the meninges, with subsequent invasion into 
the cerebrum and overlying calvarium.1,8 In 
this case, the severity of the destruction of 
brain tissue and bone hinders the diagnosis of 
the tissue of origin, but the invasion into both 
the brain and skull makes meningeal origin 
highly likely. Cholesterol granulomas in 
meerkats have also been found within the per-
icardium, renal cortex, pancreas, mesenteric 
lymph node, and spleen.1,8 

In meerkats, neurological signs often preceded 
the diagnosis of a meningeal cholesterol gran-
uloma and are believed to be associated with 
neuroparenchymal compression or destruction 
and obstruction of cerebrospinal fluid out-
flow.1,8 In this case, there was no evidence of 
compression of the remaining cerebrum; how-
ever, the grossly observed hydrocephalus was 

likely due to the obstructed flow of cerebro-
spinal fluid secondary to the primary pathol-
ogy. In reported cases of cholesterol granulo-
mas in meerkats, serum cholesterol levels 
were elevated compared with captive and wild 
reference ranges.1,8 Further supporting the hy-
pothesis that elevated serum cholesterol may 
be associated with cholesterol cleft deposition, 
the captivity reference range for serum choles-
terol in meerkats is suspected to be falsely el-
evated due to widespread hypercholesterole-
mia in zoological collections.4 This highlights 
the importance of measuring serum choles-
terol in meerkats exhibiting neurological signs 
and the need for reconsideration of the refer-
ence ranges. The underlying cause of hyper-
cholesterolemia in captive meerkats is un-
known and may represent a combination of 
factors, including diet, inborn errors in lipid 
metabolism and species-specific physiology.8 

In this zoological collection, the meerkat diet 
consists of ‘Hills Science Plan Feline Senior 
7+ biscuits’, a vegetable mix, and black crick-
ets, with a no-mealworm policy due to their 
high saturated fat content.4. The decrease in 
this individual’s serum cholesterol level from 

2-4. Skull, slender-tailed meerkat (Suricata 
suricatta). Areas of bone resorption adjacent 
to cholesterol clefts. There are multinucle-
ated giant cells in resorption bays and scal-
loped, basophilic reversal lines. (HE, 10x) 
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16.96 mmol/L (655.8 mg/dL) to 13.01 
mmol/L (503.1 mg/dL) 18 months later is be-
lieved to be due to a complete reduction in im-
proper feeding by the general public. At the 
same time, the zoo was closed during the first 
few months of the Covid-19 lockdowns.  

Preventing, diagnosing, and treating choles-
terol granulomas in meerkats requires multi-
departmental collaboration. Observing con-
specific aggression by animal care staff offers 
the first opportunity to reduce trauma and ad-
dress the suspected pathogenesis of choles-
terol granulomas in meerkats. Next, veterinary 
investigation of neurological signs, including 
advanced diagnostic imaging and serum cho-
lesterol monitoring, is the next step toward a 
clinical diagnosis. If done promptly, an on-site 
nutritionist can help achieve successful treat-
ment. Lastly, post-mortem diagnosis of cho-
lesterol granulomas supports clinical suspi-
cion and helps gauge the effectiveness of cur-
rent treatment protocols and dietary manage-
ment. Cholesterol granulomas are a relatively 
common fatal disease in captive-bred meer-
kats, warranting further research into their 

pathogenesis to support the welfare of this 
common, zoologically housed exotic species. 

 
Contributing Institution:  
Royal Veterinary College,  
University of London 
https://www.rvc.ac.uk/pathology-and-diag-
nostic-laboratories  

JPC Diagnoses: Calvarium, meninges, cere-
bral gray matter: Cholesterol granuloma with 
calvarial osteolysis. 
 
JPC Comment:   
The contributor provided an excellent and 
thorough summary of cholesterol granulomas 
in both meerkats and domestic veterinary spe-
cies. A notable feature of this case, consistent 
with previous meerkat reports, is the lesion's 
anatomic location and the substantial destruc-
tion of surrounding tissue relative to equine 
counterparts1,8. To date, five CNS cholesterol 
granulomas have been described in meerkats; 
all CNS-involved cases are located within the 
meninges. Destruction of the underlying gray 
matter and adjacent calvarium is gradual, with 
only minimal inflammatory reaction in the 
gray matter adjacent to the slowly expanding 
lesion1,8. 
 
As expected, the inflammatory cells exhibited 
diffuse cytoplasmic IBA1 immunoreactivity, 
confirming their identity as macrophages and 
macrophage-derived multinucleated giant 
cells. However, the macrophage cytoplasm 
was also brightly PAS-positive. This finding 
is interesting because pure lipids do not stain 
with PAS and are more reliably demonstrated 
using Oil Red O or Sudan Black B on frozen 
sections. Because PAS primarily stains carbo-
hydrates and mucosubstances (glycoproteins), 
there are two potential mechanisms explaining 
this brilliant cytoplasmic PAS reactivity11. 

2-5. Brain, slender-tailed meerkat (Suricata su-
ricatta). Macrophages and multinucleated giant 
cells have weak, cytoplasmic immunoreactivity 
to IBA-1. (IBA-1, 40x). 

https://www.rvc.ac.uk/pathology-and-diagnostic-laboratories
https://www.rvc.ac.uk/pathology-and-diagnostic-laboratories
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This intense positivity most likely reflects ac-
cumulated glycolipids, lipofuscin deposition, 
or a combination of both. Lipofuscin is a 
membrane-bound, insoluble wear-and-tear 
pigment containing carbohydrate and protein 
moieties that impart variable PAS positivity. 
Finally, while cholesterol processing is com-
plex and cholesterol is predominantly stored 
in macrophages as cholesterol esters or lipo-
proteins, in environments of cholesterol satu-
ration and poor drainage, lipid is likely also 
stored as glycolipids, which would be in-
tensely PAS-positive10.   
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CASE III:  
 
Signalment:  
A ten-year-old castrated male domestic short-
haired cat. 

3-1. Liver, cat. One section of liver is submit-
ted. The liver has a focal region of tubular pro-
liferation and multifocal to coalescing areas of 
pallor.  
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History:  
The cat had relapsing icterus, anemia, and 
lethargy following an episode of similar clini-
cal signs 2 months before presentation. The 
cat was treated with conservative care and 
showed minor improvement; its owners 
elected euthanasia. 
 
Gross Pathology:  
Pale and yellow mucous membranes and se-
vere flea infestation. A small amount of trans-
parent pericardial fluid was noted. The liver is 
diffusely yellow, has an irregular, rugged sur-
face with multifocal nodules, and a single 2-
centimeter, slightly firm, roughly spherical 
mass in the right central lobe. The adrenal 
glands are bilaterally symmetrically enlarged. 
The mesenteric lymph nodes are moderately 
enlarged but retain normal architecture. 
 
Laboratory Results:  
Titer of 1:1024 for antibodies to Toxoplasma 
gondii 
 
Microscopic Description:  
Liver: The liver is expanded by a well-demar-
cated, unencapsulated, expansile, moderately 
dense cellular neoplastic cell proliferation. 
The neoplastic cells are arranged as closely 

packed tubules and are supported by small 
amounts of fibrous stroma. The neoplastic 
cells are cuboidal to polygonal, have variably 
distinct cell borders, and small to moderate 
amounts of eosinophilic cytoplasm. The nu-
clei are intermediate to large, centrally lo-
cated, have finely stippled chromatin, and 1-2 
inconspicuous nucleoli. Anisokaryosis and 
anisocytosis are mild to moderate. Mitotic in-
dex is 10. Within the neoplastic cell prolifera-
tion and the adjacent liver, there are multiple 
randomly distributed foci of coagulative ne-
crosis, admixed with small numbers of neutro-
phils, macrophages, lymphocytes, and plasma 
cells (most prominent at the periphery of the 
necrotic foci). Within the necrotic foci, there 
are numerous 20-30 micrometer in diameter, 
round to oval parasitic cysts; each one has a 
thin 0.5 micrometer basophilic cyst wall and 
contains numerous 2-3 micrometer, basophilic 
round to banana-shaped bradyzoites. Occa-
sionally, scattered tachyzoites are present 
within macrophages and hepatocytes. 
 
Contributor’s Morphologic Diagnoses:  
Liver:  
1) Cholangioma. 

3-3. Liver, cat. At the periphery of areas of ne-
crosis there are many intracytoplasmic and ex-
tracellular apicomplexan zoites. Zoites are 
within the cytoplasm of both hepatocytes and 
macrophages. (HE, 40x). 

3-2. Liver, cat. There are multifocal to coa-
lescing areas of lytic necrosis and hemor-
rhage with adjacent degenerating and ne-
crotic hepatocytes.  
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2) Severe, multifocal to coalescing acute ne-
crotizing hepatitis with myriad protozoal cysts 
and zoites (consistent with Toxoplasma). 
 
Contributor’s Comment: 
Lesions in other organs include severe ne-
crotizing adrenalitis with protozoal cysts, mild 
lymphocytic myocarditis, and mild interstitial 
pneumonia with pulmonary edema. Immuno-
histochemistry for Toxoplasma gondii showed 
strong positive staining.  
 
Toxoplasma gondii uses felids as definitive 
hosts and is heteroxenous - cats can be in-
fected by ingesting asexual stages in prey tis-
sue or by ingesting oocysts. In intermediate 
hosts and in cats, asexual development occurs 
in many organs and tissues. 
 
Toxoplasma gondii (and Neospora caninum) 
are unique among protists because of their 
ability to parasitize a wide range of hosts. Nat-
ural infection occurs in birds, primates (in-
cluding humans), rodents, insectivores, herbi-
vores, and carnivores. Systemic toxoplasmo-
sis occurs most often in immunologically im-
mature or immunocompromised animals. In 
the cat, intestinal and systemic infection occur 

almost simultaneously. It can spread via lym-
phocytes to the lymph nodes and from there to 
the blood/lymph and portal circulation to the 
liver. 
 
Focal necrosis is common and appears to be 
related to rapid replication of tachyzoites. Im-
mune animals develop a chronic or dormant 
form of toxoplasma infection that is character-
ized by the formation of cysts containing brad-
yzoites. In the liver, irregular foci of coagula-
tive necrosis are scattered randomly; usually, 
only little inflammation is associated with the 
necrotic area. variable number of tachyzoites 
may be present in hepatocytes and Kupffer 
cells, usually at the periphery of the lesions. In 
the adrenals, vast areas of necrosis are usually 
seen in the adrenal cortex with minimal in-
flammation. 

The hepatic neoplasm in this case is an inci-
dental finding. We discuss three differentials. 
diagnoses for it. Cholangiocarcinoma, biliary 
cystadenoma (the proper term now is congen-
ital biliary cysts), and cholangioma. The small 
size, demarcation, low cellular pleomorphism, 
lack of invasion or metastases, lack of sub-
stantial desmoplasia, and lack of aggregates of 
hepatocytes between the neoplastic tubules fa-
vored the diagnosis of cholangioma. 
 
Contributing Institution:  
Kimron Veterinary Institute 
https://www.gov.il/en/government-service-
branches/veterinary_institute 
 
JPC Diagnoses:  
1. Liver:  Hepatitis, necrotizing, subacute, 
multifocal to coalescing, marked, with intra-
hepatocytic, intra-histiocytic, and extracellu-
lar apicomplexan zoites.  

2. Liver:  Biliary adenoma. 
 
 
 

3-4. Liver, cat. There is a focal, unencapsulated, 
well demarcated neoplasm composed predomi-
nantly of irregular tubules. (HE, 2x).  

https://www.gov.il/en/government-service-branches/veterinary_institute
https://www.gov.il/en/government-service-branches/veterinary_institute


14 
 

JPC Comment:    
Conference discussion for this case focused on 
differentiating biliary hyperplasia, biliary ade-
noma, and cholangiocarcinoma, as well as the 
differential diagnoses for feline hepatic necro-
sis. In the primary liver section evaluated by 
WSC staff and the conference moderator, the 
proliferation of irregular bile ducts was pre-
dominantly focal, featuring several satellite 
lobules adjacent to the main lesion. In subse-
quent sections cut for the resident unknown 
slide, special stains, and immunohistochemis-
try, the proliferative mass was diminished in 
extent, appearing as a single, 3-mm-diameter 
lobule of relatively well-differentiated bile 
ducts. For this reason, the presenting resident 
favored biliary hyperplasia, aligning with her 
top differential diagnosis for the concurrent 
hepatic necrosis, which was acetaminophen 
toxicosis. Although hepatic necrosis, bile duct 
proliferation, and cholestasis are recognized 
findings in feline acetaminophen toxicity, 
three primary features rule out that diagnosis 
in this case1. 

First, although extensive necrosis obscures the 
architectural pattern, several centrilobular and 

periportal regions remain unaffected. These 
spared regions support a multifocal to coalesc-
ing, random pattern of necrosis, which is in-
consistent with hepatotoxins like acetamino-
phen that classically cause centrilobular to mi-
dzonal necrosis. 

Second, the necrotic foci are directly centered 
on intra- and extracellular apicomplexan zo-
ites. Felids serve as both the definitive and in-
termediate hosts for Toxoplasma gondii1. In 
intermediate hosts, primary infection typically 
transitions to subclinical, chronic carriage of 
dormant tissue cysts. However, immunosup-
pression or concurrent disease impairs the 
CD8+ T-cell and interferon-gamma responses 
that maintain encystment, which precipitates 
rupture of tissue cysts and clinical disease4. 
Although a predisposing cause of immuno-
suppression was not definitive in this animal's 
clinical history, common triggers include 
young age or concurrent immunosuppressive 
viral infections (e.g., feline leukemia virus, fe-
line immunodeficiency virus, or feline panleu-
kopenia virus)5,6. 

Finally, while ductular reaction occurs in 
subacute feline acetaminophen hepatopathy, 
marked, solitary focal proliferation is atypi-
cal. Acetaminophen-induced ductular change 
typically presents as a diffuse or multifocal 
periportal increase in bile duct profiles rather 
than a discrete focal nodule. 
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3-5. Liver, cat. The neoplastic tubules are com-
posed of cuboidal epithelial cells that have dis-
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ures are rare. (HE, 30x). 
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CASE IV: 
 
Signalment:  
9-year-old, spayed female, Labrador mixed 
breed dog (Canis lupus familiaris) 
 
History: The dog developed non-pruritic peri-
ocular and dorsal trunk crusting and alopecia 
approximately 6 weeks prior. A skin scrape of 
the affected skin was negative. The dog was 
treated with Cytopoint, Bravecto, and a two 
week course of Clavamox. Over the next two 
weeks, the alopecia and crusting spread 
around her eyes and down to the nose. Perioc-
ular areas were treated with topical 
neo/poly/dex eye 
ointment. On recheck, the skin around the na-
sal mucosa and lips was depigmented, with 
evidence of uveitis. 

 

 
Gross Pathology:  
Five punch biopsies of the affected skin 
around the nose and lip are submitted for his-
topathology. The epidermal surface of the bi-
opsies is multifocally ulcerated, mottled tan to 
black, and contains sparse hair. A soft to firm, 
approximately 2.5 cm subcutaneous mass 
from the left cranial thorax is submitted along-
side the punch biopsies. 
 
Laboratory Results:  
Skin culture: Staphylococcus spp. 
 
Microscopic Description:  
Facial skin (mucocutaneous junction, haired 
skin, and lips). The mucosal, submucosal, and 
dermal-epidermal interface is infiltrated by a 
marked inflammatory infiltrate consisting of 
macrophages and neutrophils with fewer lym-
phocytes and plasma cells. Similar inflamma-
tion is present in periadnexal areas and occa- 
sionally perivascularly. Macrophages contain-
ing fine to large, dark brown, cytoplasmic pig-
ment (melanophages) infiltrate the superficial 
submucosa and are scattered along areas of in-
flammation (pigmentary incontinence). Rete 

4-1. Haired skin and mucosa, dog. Eight sections 
of haired skin and mucosa from the face and lips 
of a dog were submitted for consideration. From 
subgross there is a lichenoid cellular infiltrate in 
all sections and multiple sections have erosion 
of the overlying epithelium. (HE, 1x). 
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pegs multifocally extend into the superficial 
mucosa (mucosal hyperplasia), and the muco-
sal surface is covered in a moderate amount of 
nucleated keratin (parakeratotic hyperkerato-
sis). The superficial mucosal surface is multi-
focally ulcerated and replaced by serocellular 
crust composed of degenerate neutrophils and 
karyorrhectic cellular debris mixed with occa-
sional colonies of basophilic cocci. The epi-
dermal surface is covered in a moderate 
amount of anucleate keratin (orthokeratotic 
hyperkeratosis). 
 
Other histopathology findings that are not in-
cluded in the provided slide: 
Left cranial thorax: Soft Tissue Sarcoma 
(Grade 2, Medium Grade) 
 
Contributor’s Morphologic Diagnoses:  
1. Facial skin: Pyogranulomatous lichenoid 
dermatitis with pigmentary incontinence 
 
Contributor’s Comment: 
The histopathological features of the facial 
skin and clinical history are compatible with 
uveodermatologic syndrome (UDS). Uve-
odermatologic syndrome is a rare, suspected 
immune-mediated skin disease characterized 
by granulomatous uveitis and facial depig-

mentation.3 In humans, a similar disease en-
tity, "Vogt-Koyanagi-Harada," results in com-
parable skin lesions in addition to meningitis 
with occasional auditory involvement; neuro-
logical disease is exceptionally rare in dogs; 
thus, this disease is referred to as UDS instead 
of VKH in dogs.1,6 The pathogenesis of VKH 
in humans demonstrates T cell-mediated auto-
immunity against melanin and related pro-
teins; however, this pathogenesis has not been 
demonstrated in the dog.3  Numerous genetic 
mutations related to immunity and aberrant 
activation of Th1 and Th17 pathways have 
been discovered in humans who develop 
VKH.8  Studies in Akitas with UDS suggest a 
role of certain dog leukocyte antigen (DLA) 
class II gene alleles in the pathogenesis of this 
disease,1,4,6,7 which is similar to studies in hu-
mans that have found an association with hu-
man leukocyte antigen (HLA) class II alleles 
in the formation of VKH.2  
 
Arctic breeds such as Siberian Huskies, Alas-
kan Malamutes, Akitas, Samoyeds, Chow 
Chows, and related mixed breed dogs are 
more commonly affected. This disease has 

4-2. Lip, mucocutaneous junction, dog. There is 
a superficial lichenoid, perifollicular, and peri-
adnexal band of inflammation with multifocal 
hemorrhage. (HE, 2x) 

4-3. Mucosa, dog. The lichenoid band of inflam-
mation is composed predominantly of macro-
phages and neutrophils. Macrophages fre-
quently contain scant to abundant intracyto-
plasmic melanin. (HE, 20x) 
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also been diagnosed in the Irish setter, golden 
retriever, Old English sheepdog, Saint Ber-
nard, Shetland sheepdog, Dachshund, fox ter-
rier, Basset hound, Brazilian fila, Jack Russell 
terrier, rat terrier, and miniature poodle.3,5,6 

The most common ages affected are between 
6 months and 6 years, and there is no known 
sex predilection.3 Ocular signs include ante-
rior and posterior uveitis that presents as pho-
tophobia, blepharospasm, conjunctivitis, and 
corneal edema.3,6,7 Skin signs include bilater-
ally symmetric facial depigmentation with 
variable amounts of crusting and erythema, 
predominantly along the muzzle, periorbital 
region, nasal planum, and lips.3,4 Lesions may 
also appear on the external genitalia including 
the scrotum and vulva, inside the oral cavity, 
or become more generalized throughout the 
body.3,4 These lesions may or may not be pru-
ritic. The ocular form of this disease often pre-
cedes skin lesions, and affected individuals 
may not have skin lesions at all; however, con-
current skin disease is an important indicator 
of the ocular form.3,7 
 
Histologically, the epidermis is hyperplastic, 
with variable amounts of crusting, ulceration, 
parakeratosis, and leukocyte exocytosis.3 Of-
tentimes, the stratum basale has decreased or 
absent melanin.3 Basal cell degeneration is 
rare, which helps distinguish it from other im-
mune-mediated causes of dermatitis such as  
 
discoid lupus erythematosus.3 There is peri-
vascular to lichenoid dermatitis composed of 
predominantly large macrophages with fewer 
neutrophils, lymphocytes, and plasma cells 
that may extend to periadnexal areas.3,4 Fre-
quently, macrophages will contain fine "dust-
like", granular or clumped melanin pigment 
signifying pigmentary incontinence.3,4,6 In-
flammation composed predominantly of mac-
rophages with fine melanin pigment is another 
key feature in distinguishing this disease from 
discoid lupus erythematosus.3,6 In chronic le-
sions, dermal inflammation may be mild.3 

 
The preferred sites of biopsy include areas of 
depigmentation, crusting, and erythema 
around the lips and dorsal muzzle.3 It is best to 
avoid areas of trauma, as secondary infections 
may obscure important histopathologic le-
sions.3 In this individual's case, infection was 
superficial and did not impact histopathologic 
diagnosis of UDS. 
 
Contributing Institution:  
University of Illinois at Urbana-Champaign, 
Veterinary Diagnostic Laboratory 
https://vdl.vetmed.illinois.edu/ 
 
 
JPC Diagnoses:  
1. Haired skin:  Dermatitis, lichenoid, histio-
cytic, chronic, diffuse, marked with pigmen-
tary incontinence. 
2.  Mucosal membrane:  Mucositis, lichenoid, 
histiocytic, chronic, diffuse, marked with pig-
mentary incontinence. 
 
JPC Comment:   
In humans, autoantibodies against tyrosinase 
and related melanocytic proteins drive Vogt-

4-4. Haired skin, dog. There are multifocal ul-
cers with loss of the overlying epithelium and 
replacement by a serocellular crust, edema, 
hemorrhage, and neutrophilic inflammation. 
(HE, 10x) 

https://vdl.vetmed.illinois.edu/
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Koyanagi-Harada (VKH) syndrome. The tis-
sue distribution of melanocytes accounts for 
its characteristic presentation of lesions across 
the uvea, skin, inner ear, and meninges. Ca-
nine uveodermatologic syndrome, the disease  
counterpart in dogs, shares this focus on tis-
sues rich in native melanocytes; however, in 
dogs, the presentation is almost exclusively 
limited to ocular and dermatologic lesions. 
Notably, a recent case report described uve-
odermatologic syndrome in a dog presenting 
with ocular lesions and aseptic meningitis 
without cutaneous involvement. In that pa-
tient, the ocular lesions preceded the neuro-
logic signs and became severe enough to re-
quire bilateral enucleation to preserve com-
fort. 
  
During the conference, speakers noted that 
Akita appear to have a stronger predisposition 
for immune-mediated diseases than many 
other breeds. While purebred dogs generally 
carry a higher risk of inheriting genetic condi-
tions due to selective breeding and occasional 
practices that neglect outbreeding or genetic 
testing, the American Akita faces an even 
greater risk. As the contributor described, this 
elevated susceptibility likely stems from a 
unique combination of DLA class II genes that 
have remained conserved within a small pop-
ulation with limited genetic diversity. 

The American Akita is a remarkable breed 
with historical roots in Japan. Early ancestors 
of the breed were smaller, close to the size of 
a fox, yet known for steadfast loyalty. This 
loyalty is best known through the true story of 
Hachikō, an Akita owned by a university pro-
fessor. Each day, Hachikō met his owner at the 
train station after work. Following the profes-
sor's sudden death at the university, Hachikō 
continued returning to the station daily, wait-
ing faithfully until his own death years later. 
Today, a bronze statue at the station honors his 
memory, and families across Japan continue to 
share his story as an enduring symbol of devo-
tion. In the United States, Helen Keller owned 
one. The Japanese government gifted her a 
pair after she expressed deep admiration for 
Hachikō during a visit to Japan. 
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