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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) 

 

 

 

 

 

 



10 
 

 
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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