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CASE I:   

 

Signalment:  

1-year-old, female, Brahma chicken (Gallus 

gallus) 

History:  

Found dead in the coop after sudden onset of 

inability to move with eyes closed and purple 

comb and wattle two days prior.  

Gross Pathology:  

The hen was covered in innumerable pre-

sumed mites. The heart had multifocal to coa-

lescing regions of pallor. The liver had multi-

focal to coalescing regions of pallor with a fo-

cus of yellow, caseous material surrounded by 

green discoloration on the left lobe. The kid-

neys bilaterally had multifocal to coalescing 

regions of pallor. 

Laboratory Results:  

Aerobic bacterial culture of the liver: Entero-

coccus faecalis 

Twort’s tissue Gram stain: Cocci were gram-

positive. 

 

Microscopic Description:  

Liver: Three sections of liver are examined. 

Within one section, there are multiple and co-

alescent, irregularly shaped granulomas re-

placing up to 60% of the tissue, multifocally 

blending in with the fibrous connective tissue 

of portal areas. Granulomas center around hy-

pereosinophilic necrotic material mixed with  

 
Figure 1-1:  Liver and spleen, chicken. Three sec-

tions of liver and one section of spleen are submit-

ted for examination.  One section of liver demon-

strates large geographic areas of necrosis.  Simi-

lar but much smaller areas of necrosis are present 

at the bottom edge of the section of spleen. (HE, 

10X) 

relatively low to medium numbers of degener-

ate heterophils and cellular debris and multi-

ple clusters of coccoid bacteria. Bordering the 

necrotic center is a layer of palisading macro-

phages with abundant eosinophilic and fre-

quently vacuolated cytoplasm (epithelioid 

macrophages) and occasional multinucleated 

giant cells, which are further outlined by a ro-

bust layer of fibroblasts and collagen.  Portal 

areas are variably expanded by medium to 

high numbers of lymphocytes, plasma cells, 

macrophages, including many laden with 

brown cytoplasmic granules, intermingled 

with numerous bile ducts (biliary hyper-

plasia), which extend into the adjacent paren-

chyma. In some portal areas, there are higher 

numbers of granulocytes with large, indented, 

vesiculate nuclei (interpreted as myeloid pre-
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cursor cells and extramedullary hematopoie-

sis).  Throughout all three sections of liver are 

individual necrotic hepatocytes to large re-

gions of coagulative necrosis often centered 

around centrilobular veins, characterized by 

hepatocytes with shrunken, angular cell bor-

ders, hypereosinophilic cytoplasm and a pyk-

notic to karyorrhectic nucleus; larger areas of 

coagulative necrosis are frequently infiltrated 

by viable and non-viable heterophils. Within 

areas of necrosis and areas of viable hepato-

cytes are small clusters of coccoid bacteria 

within sinusoids. 

 

Spleen: The splenic parenchyma is interrupted 

by a few, relatively smaller, coalescing granu-

lomas centered around numerous viable and 

non-viable heterophils, pyknotic nuclei and 

cellular and karyorrhectic debris, which is sep-

arated by a collar of collagen and macro-

phages with the occasional multinucleated gi-

ant cells. Within these regions, there are mul-

tifocal cocci bacteria colonies. There are de-

posits of fibrin and serum protein present 

throughout the sinuses and around ellipsoids. 

Within these foci are few reticuloendothelial 

cells, red cells, low numbers of lymphocytes 

and macrophages, as well as pyknotic nuclei 

and karyorrhectic and cellular debris and col-

onies of coccoid bacteria. 

Contributor’s Morphologic Diagnoses:  

Liver: granulomatous and necrotizing hepati-

tis, multifocal to coalescing, severe, with in-

tralesional cocci and biliary hyperplasia 

Spleen: granulomas, multifocal, marked, with 

intralesional and embolic cocci 

Contributor’s Comment: 

Enterococci are non-motile, gram-positive, 

facultative anaerobic cocci bacteria that can 

appear in short and medium chains.6 Unlike 

staphylococci and streptococci, toxins are not 

produced. Surface components that allow suc-

cess for Enterococci include a polysaccharide 

capsule, adhesins, pili, and aggregation sub-

stance. Enterococci are able to produce bio-

films, which allows for adherence, especially 

in nosocomial infections and contributes to 

antibiotic resistance. Virulence factors include 

bacteriocins, hemolysins, gelatinases, and ser-

ine proteases. Cell injury has been induced via 

production of toxic oxygen metabolites.7 Un-

like Streptococcus sp., these bacteria can tol-

erate bile salts and grow on MacConkey agar.9  

Enterococcus sp. are considered normal flora 

in the gastrointestinal tract of poultry and 

other bird.3,5,8 However, certain species that 

have been isolated in clinical disease include 

E. avium, E. cecorum, E. durans, E. faecalis, 

E. faecium, and E. hirae. Enterococcosis is a 

bacterial septicemia that has been reported in 

a variety of avian species. Birds can be af-

flicted via oral or aerosol routes (bedding, wa-

ter, hatchery fluff) but can also arise from skin 

wounds.5,8 There have been reports of vertical 

transmission through hens with salpingitis or 

peritonitis that continue to lay.5 However, En-

terococcus faecium has the potential to be a 

useful probiotic against other detrimental gas-

trointestinal disease in birds, such as colibacil-

losis, and improve feed efficiency.3,10  

Across all ages, Enterococcus faecalis affects 

birds of all ages just as in this hen in this case, 

followed by faecium. Many birds die due to 

the rapid progression of disease and have 

vague clinical signs to include depression, 

lethargy, ruffled feathers, diarrhea, and de-

crease in egg production. Virulence factors 

that allow for infection include the collagen-

binding protein (ace), aggregation substances 
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(asa1), hemolysin activator (cylA), endocardi-

tis antigen (efaA), surface protein (esp), 

gelatinase (gelE, and putative surface antigen 

EF0591.5 

Enterococcus cecorum has become a signifi-

cant disease in adult broiler chickens, causing 

femoral head necrosis, spondylitis, and arthri-

tis. This disease is colloquially called “kinky 

back” when vertebral osteoarthritis occurs. 

The pathogenesis was recently described as 

requiring intestinal colonization that pro-

gressed to bacteriaemia prior to invading the 

skeletal tissue and demonstrated that intestinal 

disease itself was not required.1,2  

In other species, Enterococci cause mastitis, 

enteritis, respiratory disease, endocarditis, and 

urinary tract disease as well as septicemia.9 In 

humans, Enterococci cause 12% of nosocom-

ial infections with E. faecalis and faecium be-

ing the most prevalent of the species.6 Noso-

comial infections frequently occurred through 

IV catheters, urinary catheters, aortic valve 

implantation, prosthetic joints, and other sur-

gical sites. Occasionally, neurologic diseases, 

to include meningitis, do occur.7 

Contributing Institution:  

University of Connecticut Department of 

Pathobiology and Veterinary Sciences 

Connecticut Veterinary Medical Diagnostic 

Laboratory 

https://pathobiology.cahnr.uconn.edu/  

https://cvmdl.uconn.edu/ 

 

JPC Diagnoses: 

1. Liver: Hepatitis, necrotizing, heterophilic 

and granulomatous, chronic, multifocal to 

coalescing, severe, with numerous cocci.  

2. Spleen: Splenitis, necrotizing, heterophilic 

and granulomatous, chronic, multifocal, 

moderate, with numerous cocci. 

Figure 1-2:  Liver, chicken.  Areas of hepatocellular infarction contain large colonies of cocci, and are bounded 

by a thick eosinophilic rim of necrotic heterophils and cellular debris, and in turn by a layer of epithelioid and 

fewer foreign-body type macrophages and concentric lamellae of fibrous connective tissue.  (HE, 125X) 

https://pathobiology.cahnr.uconn.edu/
https://cvmdl.uconn.edu/


4 
 

3. Liver: Extramedullary hematopoiesis, 

chronic, periportal, moderate. 

JPC Comment:   

The University of Pennsylvania’s Dr. Nathan 

Helgert moderated this year’s 11th conference. 

This is his first time moderating for the WSC, 

and participants thoroughly enjoyed his quick 

wit and engaged teaching style. He chose to 

focus on poultry and ruminant pathology, 

which participants are always grateful for. 

This first case was a classic entity with fantas-

tic histologic lesions that, according to some 

conference goers, provided the perfect mo-

ment to make use of the term “geographic” to 

describe those dramatic areas of necrosis. 

They truly resemble some beautiful cartog-

raphy.  

Conference discussion focused on the diag-

nostic approach to cases like this one where 

additional diagnostics are required to “suss 

out” the etiologic agent. Participants were 

asked to take a figurative step back and de-

velop a list of possible causes of bacterial sep-

sis in chickens that could lead to hepatic and 

splenic lesions like these. The list included E. 

coli (colibacillosis), Salmonella typhimurium, 

Staphylococcus aureus, Enterococcus spp, 

Streptococcus spp., Erysipelothrix rhusiopa-

thiae (although this is more likely in turkeys 

and pheasants than in chickens), Mycobacte-

rium spp (especially M. avium), and Pas-

teurella multocida, to name just a few. Some 

of these look nearly identical to one another 

both grossly and histologically, while others 

of these have more distinct features. Either 

way, culture and special stains will be needed.   

As with every case of suspected bacterial in-

fection, a simple Gram stain can provide cru-

cial information. Of these above-mentioned  

 

Figure 1-3:  Liver, chicken.  Portal areas are 

markedly expanded by extramedullary hemato-

poiesis.  (HE, 406X) 

organisms, several of them are gram-negative 

rods, which would make them less likely with 

the gram-positive staining seen in this case. 

Mycobacterium spp, which are best revealed 

with acid-fast stains due to the mycolic acid in 

their cell wall, were not present in this case. 

Erysipelothrix rhusiopathiae is a gram-posi-

tive rod, but the bacteria in this case were 

clearly cocci. Although it can sometimes be 

challenging to discern bacterial morphology, 

participants felt confident in this case calling 

these cocci both on the H&E and on the gram 

stain. This narrowed the field substantially to 

Streptococcus, Staphylococcus, or Enterococ-

cus. The contributor was able to culture Enter-

ococcus faecalis from an aerobic bacterial cul-

ture to confirm the identity of the offending 

organism in this case. 

The contributor provides a succinct overview 

of Enterococcus spp in poultry, including the 

virulence factors that enable their pathogene-

sis. Infection by Enterococcus spp in chickens 

(and other birds) is considered opportunistic, 

and affected birds are generally older 

(>12wks) than those affected by E.coli, which 

typically affects younger birds. Enterococcus 

faecalis is normal flora of the chicken GI tract, 

whereas Enterococcus cecorum, which still 

requires intestinal colonization to occur prior 
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to septicemic spread, is not.4,5 E. cecorum has 

a known predilection for bone, and primary 

sites of bone infection include the free thoracic 

vertebra (the synsacrum), the femoral head, 

and the hock.2  

So why the free thoracic vertebrae? Predilec-

tion of E. cecorum for this site has been linked 

to osteochondrosis dissecans (OCD) of the 

free thoracic vertebrae, which is a common 

background lesion in broiler chickens.2,4 The 

current hypothesis is that these OCD lesions 

result in clefts in the articular cartilage within 

these vertebrae that facilitate E. cecorum col-

onization and subsequent vertebral osteomye-

litis.2 Bacterial infection of bone results in a 

marked inflammatory response, coupled with 

edema and suppuration secondary to the ac-

tions of neutrophils and macrophages that are 

called in by pro-inflammatory cytokines. Ad-

ditionally, there is subsequent osteoclast acti-

vation and bone resorption, which can result 

in pathologic fracture and collapse of the af-

fected vertebrae.2 This is one of the most com-

mon sequelae of this condition.2,4 Following 

fracture, there is dorsal displacement of sup-

purative material and necrotic bone into the 

spinal canal, resulting in a sudden onset of 

ataxia and loss of proprioception to the hind 

limbs. Affected chickens will have a classic 

“motorcycle rider” or “hock-sitting” stance 

due to their inability to use their legs.1,2.4 

These birds will also have dirty wing edges 

due to “wing-walking” behavior as they at-

tempt to ambulate with the support of their 

wings.   

If you aren’t sure what this “motorcycle rider” 

stance looks like in Entercoccus-infected 

birds, please do not google “motorcycle rider 

chicken” without the addition of “Enterococ-

cus” unless you want to see photoshopped im-

ages of chickens riding actual motorcycles, or 

unless you want to learn all about “chicken  

Figure 1-4:  Spleen, chicken.  Heterophilic granulomas, similar to those seen in the liver, are centered on areas 

of splenic necrosis with colonies of cocci.. (HE, 165X) 
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Figure 1-5:  Liver, chicken.  Colonies of cocci stain 

gram-positive. (Twort’s, 400X) (Photo courtesy 

of:  University of Connecticut Department of 

Pathobiology and Veterinary Sciences, Connecti-

cut Veterinary Medical Diagnostic Laboratory, 

https://pathobiology.cahnr.uconn.edu/, 

https://cvmdl.uconn.edu/) 

strips” in the motorcycle community, which 

refer to the unworn rubber on the outer edges 

of motorcycle tires. They are called “chicken 

strips” because they are usually seen on bikes 

of riders that are considered too nervous, or 

"chicken", to lean their bike over in sharp 

turns. Speaking from experience, being able to 

lean your bike over so far in a turn that you 

“get your knee down” to the pavement is con-

sidered to be an important rite of passage for 

motorcyclists, but one would have to imagine 

that chickens do not appreciate this compari-

son (MAJ C. Culligan, personal communica-

tion). 

References: 

1. Borst LB, Jung A, Chen LR, Suyemoto 

MM, Barnes, HJ. A Review of Enterococ-

cus cecorum infection in Poultry. Avian 

Dis. 2018; 62: 261-271.  

2. Borst LB, Suyemoto MM, Sarsour AH, et 

al. Pathogenesis of Enterococcal Spondy-

litis Caused by Enterococcus cecorum in 

Broiler Chickens. Vet Path. 2017; 54: 61-

73. 

3. Cao GT, et al. Effects of a probiotic, En-

terococcus faecium, on growth perfor-

mance, intestinal morphology, immune re-

sponse, and cecal microflora in broiler 

chickens challenged with Escherichia coli 

K88. Poult Sci. 2013; 92(11): 2949-2955. 

4. Dolka B, Chrobak-Chmiel D, Czopowicz 

M, Szeleszczuk P. Characterization of 

pathogenic Enterococcus cecorum from 

different poultry groups: Broiler chickens, 

layers, turkeys, and waterfowl. PLoS One. 

2017;12(9):e0185199. 

5. Jorgensen SL, et al. Characterization of 

Enterococcus faecalis isolated from the 

cloaca of fancy breeds and confined chick-

ens. J Appl Microbiol. 2017; 122: 1149-

1158.  

6. Rehman MA, Yin X, Zaheer R, et al. Gen-

otypes and Phenotypes of Enterococci Iso-

lated from Broiler Chickens. Front Sustain 

Food Sys. 2018; 2: 1-28. 

7. Said MS, Tirthani E, Lesho E. Enterococ-

cus Infections. Treasure Island, FL; Stat 

Pearls [Internet]; 2022: 1-33 

8. Streptococci. In: Quinn PJ, Markey BK, 

Carter, ME, Donnelly WJ, Leonard FC. 

Veterinary Microbiology and Microbial 

Disease. London, UK; Blackwell Science 

Ltd; 2002: 49-51.  

9. The Genera Streptococcus and Enterococ-

cus. In: Songer JG, Post KW. Veterinary 

Microbiology: Bacterial and Fungal 

Agents of Animal Disease. 1st ed. St. Louis, 

MO; Elsevier Saunders; 2005: 51-53. 



7 
 

10. Zheng A, Luo J, Meng K, Li J, Bryden 

WL, Chang W, Zhang S, Wang LX, Liu G, 

Yao B. Probiotic (Enterococcus faecium) 

induced responses of the hepatic proteome 

improves metabolic efficiency of broiler 

chickens (Gallus gallus). BMC Genomics. 

2016;17:89.  

CASE II:  

 

Signalment:  

78-day-old Chicken (Gallus gallus) 

History:  

The case is a chicken found dead on a Japa-

nese native breed farm. 

Gross Pathology:  

The liver was enlarged and diffusely dark red. 

The spleen was moderately enlarged. 

Laboratory Results:  

DNA was extracted from the liver homoge-

nate. PCR for detecting avian leukosis virus 

(ALV) subgroup B and endogenous subgroup 

E was positive. 

Microscopic Description:  

Round hematopoietic tumor cells strongly in-

filtrated the hepatic blood vessels and sinus-

oids. The hepatic sinusoids were diffusely ex-

panded by tumor cell infiltration, with fewer 

normal erythrocytes and enlarged Kupffer 

cells which sometimes contained cellular de-

bris. Most hepatocytes were shrunken. A few 

granulocytes were also found in the hepatic si-

nusoid. Small foci of granulocytic cells at dif-

ferent nuclear maturation stages were present 

around some hepatic triads. Tumor cells ap-

peared round, oval, or polygonal in shape with 

a distinct cell border, amphophilic cytoplasm, 

anisocytosis, and anisokaryosis. Some tumor 

cells contained perinuclear pale areas known 

as halos. The nucleus was round and hyper 

 
Figure 2-1:  Liver, chicken.  One section of liver is 

submitted for examination. (HE, 8X) 

chromatic to pale, with one or two large nucle-

oli and coarsely clumped chromatin. Some bi-

nuclear tumor cells were also observed. There 

was significant mitosis and karyorrhexis of tu-

mor cells. The cytoplasmic eosinophilic gran-

ules that are characteristic to myelocytic line-

age cells were not present in tumor cells. 

Immunohistochemical analysis revealed that 

tumor cells consistently exhibited cytoplasmic 

staining of hemoglobin antigen, with variable 

staining intensity, faint to strong, depending 

on the tumor cell. Hemoglobin was also de-

tected in normal erythrocytes. Tumor cells 

were negative for CD3 (T cell marker), BAFF-

R (B cell marker), and Iba-1 (macro-

phage/monocyte marker). Enlarged Kupffer 

cells were positive for Iba-1. 

Tumor cells were observed in other organs, 

but only in the blood vessels. Some thrombi 

composed of necrotic tumor cells and fibrin 

were also observed in the vessels. The bone 

marrow was not histologically examined.   

 

Contributor’s Morphologic Diagnoses:  

Avian erythroblastosis 

Contributor’s Comment: 

Avian erythroblastosis (AE), also called 

erythroid leukosis, is a hematopoietic tumor of 
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erythrocytic lineage cells in birds.2,7,9 Sponta-

neous occurrence of this tumor is rare in com-

mercial chickens,2 although there are several 

experimental reports of AE in chickens inocu-

lated with AE virus (AEV) and some other vi-

ral strains in the avian leukosis/sarcoma 

group.3,4,10,11,14,16,17 Experimentally, the vi-

ruses can induce AE and often other types of 

tumors, depending on the experimental condi-

tions, such as the strain and dose of virus, in-

oculation route, and various host fac-

tors.3,4,10,11,14,16,17 Historically, AEV has been 

used in research on viral oncogene and eryth-

rocytic differentiation.7,8,9 The relationship 

between the occurrence of AE and exogenous 

ALV infection is unclear in this case. 

On the basis of the histologic and IHC find-

ings, the hematopoietic tumor was diagnosed 

as AE. The chicken exhibited findings sugges-

tive of AE, such as an enlarged, cherry red 

liver, intravascular nature of tumor cells, and 

round hematopoietic tumor cells with occa-

sional perinuclear halo.2,14 In addition, IHC 

detection of hemoglobin antigens in tumor 

cells was conclusive evidence of AE.   

Hemoglobin is one of the markers useful for 

diagnosing erythrocytic tumors in humans and 

other mammals.6,15,18 Past studies have re-

ported that hemoglobin is present in trans-

formed AE cells of chickens inoculated with 

AEV.1,5 In past related studies conducting im-

munofluorescence assays of cultured AE cells 

transformed by AEV infection, the cells ex-

pressed a variety of avian erythrocytic mark-

ers, including hemoglobin, histone-5, erythro-

blast surface antigen, and erythrocyte surface 

antigen.3,8 A commercial rabbit monoclonal 

antibody (clone EPR3608) against the human 

hemoglobin can cross-react with chicken 

erythrocytes and erythrocytic precursors in the 

Figure 2-2:  Liver, chicken.  Hepatic sinusoids are filled with innumerable immature and neoplastic chicken 

erythrocytes. (HE, 738X).  Hepatocytes are diffusely and mildly atrophic.  There are numerous rhectic neo-

plastic cells and Kupffer cells often contain cellular debris.   
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bone marrow on paraffin sections without 

nonspecific reactions.  

Histologic differential diagnosis includes my-

eloid, lymphoid, and histiocytic tumors.2,13 In 

addition, a concurrent tumor of mixed AE and 

myelocytoma components has been de-

scribed.2 A myeloid tumor can be differenti-

ated from AE in that myeloid tumor cells rep-

licate in both extra and intravascular space and 

often contain cytoplasmic granules.2,14 In our 

case, small foci consisting of granulocytic 

cells in the liver were considered by size, dis-

tribution, and cellular morphology as foci of 

extramedullary granulopoiesis, which are of-

ten found in avian tissue.2 Lymphoma was 

ruled out by negative IHC results by using 

anti-human CD3 and anti-chicken BAFF-R 

antibodies, which are the most appropriate 

commercial antibodies for detecting chicken T 

and B lymphocytes on FFPE sections.12 The 

negative IHC results with this anti-human Iba-

1 antibody indicate that tumor cells in our case 

were not macrophage/monocyte lineage cells. 

Contributing Institution:  

National Institute of Animal Health, NARO. 

https://www.naro.go.jp/english/labora-

tory/niah/index.html 

 

JPC Diagnoses: 

1. Liver: Intravascular round cell neoplasm. 

2. Liver: Extramedullary hematopoiesis, 

chronic, periportal, moderate.   

JPC Comment:   

This case proved to be challenging for partici-

pants given that the condition is relatively ob-

scure and requires IHCs for definitive diagno-

sis. Leukemia and leukemic lymphoma were 

the top diagnoses considered by conference 

participants prior to case discussion. The con-

tributor provides an excellent overview of and  

 

Figure 2-3:  Liver, chicken.  Neoplastic erythro-

blasts circulate  within hepatic vessels. (HE, 

738X). 

a convincing diagnostic workup for the diag-

nosis of avian erythroblastosis in their com-

ment. An in-house hemoglobin IHC at the JPC 

similarly revealed moderate cytoplasmic im-

munoreactivity for hemoglobin within the ne-

oplastic cell population and no immunoreac-

tivity of neoplastic cells for lymphocyte mark-

ers (CD3, CD20, PAX5, CD34). This entity, 

and its accompanying histologic findings, pro-

vided great discussion of oncogenic viruses 

and intravascular round cell neoplasms of 

avian species. “Intravascular round cell neo-

plasm” was ultimately the morphologic diag-

nosis that was favored by the JPC due to the 

inability to reach the diagnosis of erythroblas-

tosis on the H&E slide alone (the JPC morpho-

logic diagnosis is always based on the HE sec-

tion, which is the only section provided in ad-

vance of the conference.)    

Conference discussion focused largely on 

avian leukosis virus and its subtypes. Avian 

leukosis viruses (ALV) are alpharetroviruses 

that are usually slowly oncogenic. Subtype A 

is the most common, and subtypes A through 

E, as well as J, are known to infect chickens. 

Other subtypes affect numerous other species 

of birds. These viruses cause a variety of neo-

plasms by inserting themselves as promoters  
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Figure 2-4:   Liver, chicken.  Neoplastic cells stain 

strongly positive for hemoglobin.  (anti-HB, 

1000X).  (Photo courtesy of:  Japanese National 

Institute of Animal Health, NARO, 

https://www.naro.go.jp/english/labora-

tory/niah/index.html) 

into the affected chicken’s genome near a cel-

lular proto-oncogene, such as c-erbB, causing 

overexpression of the proto-oncogene. This 

overexpression leads to downstream dysregu-

lation of cellular division and promotion of 

uncontrolled cell growth. Et voila, a neoplasm 

is produced! Such neoplasms include erythro-

blastosis, lymphomas (usually B-cell with 

IgM production), myelocytomatosis (subtype 

J), and various sarcomas.  

Certain subtypes of ALV, such as subtype E, 

are endogenous to the DNA of chickens, 

where they live quietly and can be genetically 

inherited. These endogenous viral subtypes 

are considered to be non-oncogenic but can 

confound PCR results by producing false pos-

itives. As such, PCR for avian leukosis viruses 

is problematic and not generally reliable.  

The subtypes of ALV that produce erythro-

blastosis, colloquially known as “avian eryth-

roblastosis virus” (AEV), are unique among 

ALVs in that they stimulates rapid oncogene-

sis due to their genome containing its own po-

tent oncogene (v-erbB).11,13 This oncogene is 

a mutated and shortened version of the c-erbB 

proto-oncogene within chicken DNA that is 

associated with other ALVs.13 The v-erbB on-

cogene results in the production of a mutated 

form of epidermal growth factor receptor 

(EGFR) protein, which is a type of tyrosine ki-

nase receptor. This family of receptors is di-

rectly involved in cell signaling for growth 

and division. This receptor mutation results in 

loss of the ligand binding domain found in 

normal EGFR, as well as structural changes in 

its cytoplasmic regulatory regions. This ena-

bles the mutated EGFR to experience ligand-

independent constitutive signaling activity 

and stimulate constant, transformative, cellu-

lar growth.13 As such, this virus is able to di-

rectly cause erythroblastosis and fibrosarco-

mas, which have a much more rapid onset of 

disease, whereas most ALVs cause slow-

growing neoplasms via an indirect route.13 

Chickens affected with avian erythroblastosis 

have a characteristically “cherry red” liver on 

gross examination.  

Wrapping up the discussion of this fascinating 

and rare case was a quick review of other ma-

jor oncogenic viruses in chickens, which in-

cluded gallid herpesvirus-2 (causative agent of 

Marek’s disease, which usually affects young 

birds and results in a classical T-cell lym-

phoma) and avian gammaretrovirus (causative 

agent of avian reticuloendotheliosis). 
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CASE III:  

 

Signalment:  

4.5-year-old, female, Holstein-cow, Bos tau-

rus 
 

History:  

The animal was slaughtered. The owner ob-

served swellings of the limbs (not further 

specified) for one year prior to slaughter. At 

the slaughterhouse, the referring veterinarian 

submitted pieces of kidney, heart, muscles of 

the brisket and flank region to the Institute of 

Veterinary Pathology for further investiga-

tions. 

 

Gross Pathology:  

In all submitted tissues, multifocal to coalesc-

ing, miliary to nodular, whitish, coarsely tex-

tured foci were noted on the cut surface. 

 

Laboratory Results: N/A 

 

 

Microscopic Description:  

Myocardium (left ventricular wall) and stri-

ated muscle (brisket): Affecting approxi-

mately 10-20% of the myocardial and skeletal 

muscle tissue, there is a marked intraluminal, 

haphazardly arranged, often glomeruloid, 

highly cellular proliferation of plump spin-

deloid cells within medium to large-size arte-

rioles with partial to complete occlusion of the 

vascular lumina accompanied by a pro-

nounced thickening of the corresponding tu-

nica media (medial hypertrophy). These spin-

deloid cells have abundant, slightly granular, 

eosinophilic, occasionally vacuolized cyto-

plasm with indistinct cell borders containing  

oval to cigar-like shaped nuclei with incon-

spicuous nucleoli and coarsely stippled chro-

matin. There is moderate anisokaryosis and 

anisocytosis with infrequent multinucleated 

cells being present. Mitotic figures are rare or 

absent (<1/HPF). 
 

There are frequent perivascular accumulations 

of variable numbers of hemosiderinloaden 

macrophages intermingled with a low number 

of inflammatory cell infiltrates consisting of 

lymphocytes and plasma cells as well as fewer 

neutrophils with rare small aggregates of ex-

travasated erythrocytes. Few affected arteri-

oles are infiltrated by a small to moderate 

number of eosinophils (not present on all 

slides). These inflammatory infiltrates also ex-

tend occasionally into the adjacent myocardial 

interstitium. The glomeruloid proliferations in 

the heart are surrounded by a moderate to 

marked deposition of collagen fibers (fibrosis) 

along with edema. Occasionally and affecting 

less than 5% of cardiomyocytes, there are in-

trasarcoplasmic protozoal cysts of approxi-

mately 100-200 µm in diameter containing nu-

merous crescent-shaped bradyzoites. Perile-

sional myocytes of the brisket often display  

 
Figure 3-1:  Heart, ox.  Cut section of the heart 

muscle (left ventricular wall) with miliary white 

foci bulging from the cut surface. (Photo courtesy 

of:  Institut für Veterinärpathologie, Vetsuisse-

Fakultät, Universität Zürich, 

https://www.vetpathology.uzh.ch) 
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Figure 3-2: Skeletal muscle, ox.  Similar gross 

changes are seen on a cut section of the brisket 

muscle. (Photo courtesy of:  Institut für Veter-

inärpathologie, Vetsuisse-Fakultät, Universität 

Zürich, https://www.vetpathology.uzh.ch) 

sarcoplasmic hypereosinophilia, swelling, 

loss of cross-striation and occasional fragmen-

tation (hyaline degeneration and necrosis). 

Immunohistochemical labelling shows fre-

quent cytoplasmic reactivity of the intrale-

sional spindeloid cells for factor VIII/von Wil-

lebrand factor (vWF) and smooth muscle actin 

(SMA). 

 

Contributor’s Morphologic Diagnoses:  

Myocardium of the left ventricular wall and 

striated muscle (brisket): Severe multifocal ar-

teriolar intraluminal endothelial and pericyte 

proliferation with intraand perilesional hemo-

siderosis as well as hemorrhages accompanied 

by diffuse media hypertrophy (consistent with 

reactive angioendotheliomatosis) and mild eo-

sinophilic arteriolitis Heart (myocardium): 

Moderate to marked, multifocal to coalescing 

interstitial lymphoplasmacytic myocarditis 

and myocardial fibrosis with occasional in-

trasarcoplasmic protozoal cysts (most likely 

Sarcocystis sp.) Striated muscle (brisket): 

Mild multifocal degeneration and necrosis of 

myocytes 

 

Contributor’s Comment: 

In human medicine, the term angioendotheli-

omatosis includes either a malignant or a be-

nign variant. The latter, also termed as reactive 

angioendotheliomatosis (RAE), is character-

ized by intravascular endothelial as well as 

pericyte proliferation and is mainly restricted 

to the skin.9,16 Associations between this con-

dition and type 2, 3, or 4 hypersensitivity dis-

eases were hypothesized, including autoim-

mune diseases, such as thrombotic thrombo-

cytopenic purpura (TTP), underlying subacute 

systemic infections, or organ transplanta-

tion.8,11,14,16 The malignant angioendotheli-

omatosis (MAE) commonly refers to a rare 

type of angiotropic large cell lymphoma but 

may also apply to intravascular disseminated 

angiosarcoma.9,16  

In veterinary medicine, cases of MAE in the 

form of intravascular angiotropic lymphoma 

have been documented in dogs and to a lesser 

extent in cats.7,10 All previously published 

cases had concurrent involvement of the cen-

tral nervous system and, to a lesser extent,  

other organs of the digestive, endocrine, res-

piratory, and urogenital systems of which the 

liver, lung, small intestine, and kidney are fre-

quently represented. The veterinary cases 

mostly resembled human reports except for 

humans mainly being affected by a B-cell lin-

eage neoplasm.10  

 

Figure 3-3: Heart, ox.  Sections from various ar-

eas of the heart are submitted for examination 

and all are similar.  Within each section, arterio-

lar walls are profoundly thickened.  (HE, 10X) 
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Figure 3-4: Heart, ox.  Within the ventricular 

wall, arterioles are markedly tortuous with nu-

merous small branches.  Each arteriole has a 

markedly thickened wall which often compro-

mises the lumen, and  spindle cells profoundly ex-

pand the arteriolar wall.  There is fibroplasia sur-

rounding these arterioles which extends into the 

adjacent myocardium.  At the periphery of some 

of the affected arterioles, there are numerous he-

mosiderin laden macrophages, indicating previ-

ous hemorrhages. (HE, 92X) 

Contrary to humans in which RAE is mainly 

benign, the feline counterpart feline systemic 

reactive angioendotheliomatosis (FSRA) is a 

rare fatal multisystemic disease of unclear 

origin with few documented cases.3,12,13,16 Af-

fected animals often present with cardiorespir-

atory symptoms due to the heart being the 

main affected organ. Other organs in which le-

sions were frequently observed include the 

kidney, spleen, intestine, and lymph nodes, 

followed by others, but to a lower degree.3,11 

In most of these cases, the cause remained un-

identified. One cat was diagnosed with TTP, 

to which the lesions were presumably at-

tributed.2  

Previously, there has been one report in which 

such proliferative lesions were observed in a 

2-year-old Corriente steer. The lesions resem-

bled FRSA and were termed systemic reactive 

angioendotheliomatosis-like syndrome.2 The 

authors believed that the animal was persis-

tently infected with the bovine viral diarrhea 

virus (BVDV) since they detected correspond-

ing intralesional antigen by immunohisto-

chemistry. The authors hypothesized that a 

TTP-like condition due to a BVDV infection 

was present.2 Formalin-fixed paraffin-embed-

ded tissues (FFPE) of this animal plus other 

species suffering from vascular proliferative 

disorders, including cats with FSRA, were 

subjected to molecular analysis yielding the 

isolation of Bartonella sp.-DNA in all speci-

mens. In addition, the authors demonstrated in 

vitro evidence for Bartonella vinsonii sp. 

berkhoffi being capable of inducing the tran-

scription factor hypoxia-induced factor-1 

(HIL-1) with subsequent production of the en-

dothelial mitogen vascular endothelial growth 

factor (VEGF) in human cells (HeLa 229).1 

The results led to the conclusion that there 

might be an association between Bartonella 

sp.-infections and the vascular proliferative 

disorders. However, these results need to be 

interpreted with caution as there is a likelihood 

of false-positive PCR results for Bartonella 

spp. in FFPE-specimens due to cross-contam-

ination during necropsy or histology pro-

cessing.15  
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Figure 3-5:  Heart, ox:  High magnification of sev-

eral affected arterioles demonstrating their tortu-

osity, proliferation of a variety of spindle cells (en-

dothelium, smooth muscle and fibroblasts, lu-

minal compromise, formation of numerous 

smaller arteriolar branches, wand  in some areas, 

endothelial loss hemorrhage , and extrusion of 

plasma proteins into the wall.  (HE 468X) 

The findings of the present case are consistent 

with the case report of Breshears et al., and the 

diagnosis of a systemic reactive angioendo-

theliomatosis-like syndrome was made. The 

glomeruloid proliferation of endothelial cells 

and pericytes staining positive for factor 

VIII/von Willebrand factor (vWF) and smooth 

muscle actin (SMA), respectively, is in con-

cordance with the previous literature on RAE 

and FSRA.2,3,10,16,17 Without exception, these 

lesions were present in all submitted tissue 

samples including the kidney and flank mus-

cle (not shown). No evidence for the presence 

of BVDV antigen was detected by immuno-

histochemical labeling using the C42 and 

15C5 monoclonal antibodies against the viral 

protein Erns (envelope protein, RNase, se-

creted) of which one is specifically directed 

against BVDV while the other is detecting 

pestiviruses, respectively.4 Furthermore, no 

intralesional argyrophilic microbial structures 

could be found.  

The occasionally seen intra-sarcoplasmic pro-

tozoal cysts are most likely bradyzoites of a 

Sarcocystis sp. In brief, this is a highly preva-

lent heteroxenous coccidian parasite, includ-

ing around 90 species, which can infect a wide 

range of species, including humans. Its lifecy-

cle consists of gametogeny (sexual stages) in 

the definitive host and schizogony (asexual 

stages) in the intermediate host. Coinci-

dentally, the schizogony partially takes place 

within endothelial cells of arterioles and capil-

laries before its final stage in the musculature.6 

On some slides, we noticed a mild eosino-

philic intralesional inflammatory component 

which are most likely due to the protozoal in-

fection. However, no additional investigation 

has been attempted in this case, as the signifi-

cance of this infection is mostly clinically ir-

relevant. 

Contributing Institution:  

University of Zurich 

Winterhurerstrasse 268 

https://www.vetpathology.uzh.ch 

 

 
Figure 3-6:  Heart, ox:. Proliferating cells within 

the walls of affected arterioles demonstrate mod-

erate cytoplasmic immunoreactivity for von-Wil-

lebrand’s factor.  (anti-VWF, 400X).  (Photo 

courtesy of:  Institut für Veterinärpathologie, 

Vetsuisse-Fakultät, Universität Zürich, 

https://www.vetpathology.uzh.ch) 

 

 

 

https://www.vetpathology.uzh.ch/
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JPC Diagnoses: 

1. Heart and skeletal muscle, arterioles: 

Atypical endothelial and pericyte prolifer-

ation (angioendotheliomatosis), chronic, 

diffuse, severe, with medial hypertrophy 

and mural and adventitial fibrosis.  

2. Heart, myocytes: Sarcocysts, multiple.  

Another unique condition in its first WSC 

iteration in this species, this case also 

proved to be diagnostically challenging 

for participants. The contributor provided 

an excellent write-up summarizing the 

current literature on this condition across 

species. Similar cases of systemic reactive 

angioendotheliomatosis and SRE-like 

syndrome have been seen before in the 

WSC (Conference 21, Case 3, 2014, Con-

ference 13, Case 4, 2019, and Conference 

9, Case 1, 2020), all of which have had 

great write-ups and similar immunohisto-

chemical staining patterns with vWF and 

smooth muscle actin (SMA) to those that 

were performed in this case, but were all 

in cats.  

3. The contributor’s comment covered all 

pertinent aspects of conference discussion, 

from the comparison between human and 

veterinary forms of this condition, to the 

current hypotheses on this syndrome’s 

pathogenesis, to the possible associations 

of this condition with TTP and certain sys-

temic infections (i.e. Bartonella spp. in 

cats and bovine pestivirus in cattle). Alt-

hough this condition is rare, a recent 2024 

paper found that systemic reactive angio-

endotheliomatosis in cats can mimic hy-

pertrophic cardiomyopathy both clinically 

and on echocardiogram and should be con-

sidered as a differential for cats that have 

symmetrical left ventricular wall thicken-

ing.5  

 

 

JPC Comment:   

Another unique condition in its first WSC it-

eration in this species, this case also proved to 

be diagnostically challenging for participants. 

The contributor provided an excellent write-

up summarizing the current literature on this 

condition across species. Similar cases of sys-

temic reactive angioendotheliomatosis and 

SRE-like syndrome have been seen before in 

the WSC (Conference 21, Case 3, 2014, Con-

ference 13, Case 4, 2019, and Conference 9, 

Case 1, 2020), all of which have had great 

write-ups and similar immunohistochemical 

staining patterns with vWF and smooth mus-

cle actin (SMA) to those that were performed 

in this case, but were all in cats.  

The contributor’s comment covered all perti-

nent aspects of conference discussion, from 

the comparison between human and veterinary 

forms of this condition, to the current hypoth-

eses on this syndrome’s pathogenesis, to the 

possible associations of this condition with 

TTP and certain systemic infections (i.e. Bar-

tonella spp. in cats and bovine pestivirus in 

 
Figure 3-7:  Heart, ox.  Proliferating cells within 

the walls of affected arterioles demonstrate mod-

erate cytoplasmic immunoreactivity for smooth 

muscle actin.  (anti-SMA, 400X).  (Photo courtesy 
of:  Institut für Veterinärpathologie, Vetsuisse-
Fakultät, Universität Zürich, 
https://www.vetpathology.uzh.ch) 
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cattle). Although this condition is rare, a re-

cent 2024 paper found that systemic reactive 

angioendotheliomatosis in cats can mimic hy-

pertrophic cardiomyopathy both clinically and 

on echocardiogram and should be considered 

as a differential for cats that have symmetrical 

left ventricular wall thickening.5  

References: 

1. Beerlage C, Varanat M, Linder K, Maggi 

RG, Cooley J, Kempf VA, Breitschwerdt 

EB. Bartonella vinsonii subsp. berkhoffii 

and Bartonella henselae as potential 

causes of proliferative vascular diseases in 

animals. Med Microbiol lmmunol. 

2012;201(3):319-326. 

2. Breshears MA, Johnson BJ. Systemic re-

active angioendotheliomatosis-like syn-

drome in a steer presumed to be persis-

tently infected with bovine viral diarrhea 

virus. Vet Pathol. 2008;45(5):645-649. 

3. Fuji RN, Patton KM, Steinbach TJ, Schul-

man FY, Bradley GA, Brown TT, Wilson 

EA, Summers BA. Feline systemic reac-

tive angioendotheliomatosis: eight cases 

and literature review. Vet Pathol. 

2005;42(5): 608-617.  

4. Herrold E, Schober K, Miller J, Jennings 

R. Systemic reactive angioendothelioma-

tosis mimicking hypertrophic cardiomyo-

pathy in a domestic shorthair cat. J Vet 

Cardiol. 2024;56:65-71.  

5. Hilbe, Camenisch, Braun, Peterhans, 

Stalder, P, Zlinszky, & Ehrensperger. Mu-

cosal lesions in a sheep infected with the 

Border Disease Virus (BDV). Schweizer 

Archiv für Tierheilkunde. 2009;151(8), 

391-396. 

6. Jubb, Kennedy, and Palmer’s Pathology of 

Domestic Animals. Vol 1. 6th ed. St. 

Louis, MO: Elsevier; 2016:235-6. 

7. Lapointe JM, Higgins RJ, Kortz GD, Bai-

ley CS, Moore PF. lntravascular malignant 

T-cell lymphoma (malignant angioendo-

theliomatosis) in a cat. Vet Pathol. 

1997;34(3):247-250. 

8. Lazova R, Slater C, Scott G. Reactive an-

gioendotheliomatosis. Case report and re-

view of the literature. Am J Dermato-

pathol. 1996;18(1):63-69. 

9. Lin BT, Weiss LM, Battifora H. lntravas-

cularly disseminated angiosarcoma: true 

neoplastic angioendotheliomatosis? Re-

port of two cases. Am J Surg Pathol. 

1997;21(10):1138-1143. 

10. McDonough SP, Van Winkle TJ, Valen-

tine BA, vanGessel YA, Summers BA. 

Clinicopathological and immunopheno-

typical features of canine intravascular 

lymphoma (malignant angioendotheli-

omatosis). J Comp Pathol. 

2002;126(4):277-288. 

11. McMenamin ME, Fletcher CD. Reactive 

angioendotheliomatosis: a study of 15 

cases demonstrating a wide clinicopatho-

logic spectrum. Am J Surg Pathol. 

2002;26(6):685-697. 

12. Rothwell TL, Xu FN, Wills EJ, Middleton 

DJ, Bow JL, Smith JS, Davies JS. Unusual 

multisystemic vascular lesions in a cat. Vet 

Pathol. 1985;22(5):510-512. 

13. Straumann Kunz U, Ossent P, Lott-Stolz 

G. Generalized intravascular proliferation 

in two cats: endotheliosis or intravascular 

pseudoangiosarcoma? J Comp Pathol. 

1993;109(1):99-102. 

14. Umlas, J. Glomeruloid structures in 

thrombohemolytic thrombocytopenic pur-

pura, glomerulonephritis, and dissemi-

nated intravascular coagulation. Human 

Pathology. 1972;3(3):437-441. 



18 
 

15. Varanat M, Maggi RG, Linder KE, Horton 

S, Breitschwerdt EB. Cross-contamination 

in the molecular detection of Bartonella 

from paraffin-embedded tissues. Vet 

Pathol. 2009;46(5):940-944. 

16. Wick MR, Rocamora A. Reactive and ma-

lignant "angioendotheliomatosis": a dis-

criminant clinicopathological study. J Cu-

tan Pathol. 1988;15(5):260-271. 

17. Yamamoto S, Shimoyana Y, Haruyama T. 

A case of feline systemic reactive angio-

endotheliomatosis. J Fel Med Surg. 2015. 

 

CASE IV:  

 

Signalment:  
Five-month old, male, Japanese black, bovine 

(Bos taurus) 

History:  

The present calf was transferred to a farm for 

fattening at the age of 4-month old and vac-

cinated with the mixed live vaccines, includ-

ing bovine infectious rhinotracheitis virus, bo-

vine viral diarrhea virus (BVDV) type 1, bo-

vine parainfluenza virus type 3, bovine respir-

atory syncytial virus, and bovine adenovirus 

(BAV) type 7. The calf developed respiratory 

signs such as coughing and was administered 

with florfenicol, cefazolin and dexame-

thasone. The calf died at the age of 5-month-

old. The other calves in the farm did not show 

any apparent clinical signs. 

Gross Pathology:  

At necropsy, a small amount of bloody feces 

was attached to the anal area. The lung showed 

multiple consolidation with caseonecrotic 

foci. The abomasum had multiple erosions and 

ulcers in the pyloric part of mucosa. From the 

duodenum to rectum, the mucosa was dark red 

and covered with dark red, watery or fibrinous 

contents. The thymus, both the cervical and  

 
Figure 4-1:  Abomasum, Japanese black calf.  The 

abomasum has multiple erosions and ulcers in the 

pyloric part of mucosa. (Photo courtesy of: Na-

tional Institute of Animal Health, 

http://www.naro.affrc.go.jp/english/niah/in-

dex.html) 

thoracic parts, was membranous, showing to 

be atrophic. The gallbladder was almost empty 

of bile and had streaks of dark red mucosa. 

Laboratory Results:  

No bacteria were isolated from liver, spleen, 

kidney, heart, lung, or brain. Neither Salmo-

nella nor Clostridium perfringens were iso-

lated from cecal and jejunal contents, respec-

tively. PCR tested positive for Mycoplasma 

bovis from the lung, negative for BVDV from 

the kidney, and positive for BAV from the 

liver, kidney, heart, lung, and cecal content. 

BAV was isolated from the liver, kidney, 

heart, lung, and cecal content. The isolate was 

identified to be BAV type 5 by sequencing the 

hexon gene. 

Microscopic Description:  

In the abomasum, focally extensive hemor-

rhage and edematous swelling were present in 

the lamina propria mucosa and in the submu-

cosa, respectively. In the lamina propria mu-

cosa, the capillary blood vessels and small 

veins showed severe congestion and hemor-

rhage. The endothelial cells of these vessels 

and arterioles had basophilic to amphophilic  
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Figure 4-2: Abomasum, Japanese black calf. 

From the duodenum to rectum, the mucosa was 

dark red and covered with dark red, watery or fi-

brinous contents (Photo courtesy of: National In-

stitute of Animal Health, http://www.naro.af-

frc.go.jp/english/niah/index.htm) 

intranuclear inclusion bodies, of either full 

type or Cowdry type A. Occasionally, focal ar-

eas of necrotic mucosal epithelium were ac-

companied by neutrophil infiltration. In the 

submucosa, the endothelial cells of blood ves-

sels had the same intranuclear inclusion bod-

ies. Fibrinous and proteinous or serous mate-

rials were accumulated in some parts of the 

submucosal tissue. Neither bacteria nor fungi 

were detected by Gram and Giemsa stain, and 

by periodic acid-Schiff and Grocott methods, 

respectively. 

Contributor’s Morphologic Diagnoses:  

Abomasum: abomasitis, hemorrhagic, focally 

extensive, with endothelial intranuclear inclu-

sion bodies. 

Contributor’s Comment: 

The present case was characterized pathologi-

cally by adenoviral hemorrhagic gastroenteri-

tis and mycoplasmal caseonecrotic broncho-

pneumonia. The endothelial intranuclear in-

clusion bodies were detected histologically in 

the gastrointestinal tract (abomasum, duode-

num, jejunum, ileum, cecum, colon, and rec-

tum), liver, gallbladder, spleen, kidney and 

lung. The forestomach and brain contained no 

endothelial intranuclear inclusion bodies. In 

the abomasum, focal ulceration was associ-

ated with hemorrhagic abomasitis (No ulcera-

tion in the submitted sections). In the ileal 

Peyer's patch, lymphocytes were severely de-

pleted. Epitheliotropic BAV inclusion bodies 

were not observed in any organs. By immuno-

histochemistry, the endothelial intranuclear 

inclusion bodies showed positive cross-reac-

tion to anti-BAV type 7, weak cross-reaction 

to anti-BAV type 1, but negative for anti-BAV 

type 3 antisera. By transmission electron mi-

croscopy, the endothelial cells of hepatic si-

nusoids had paracrystalline arrays of adenovi-

rus-like particles, 60-80 nm in diameter, in 

their nuclei. 

BAV belong to the family Adenoviridae, gen-

era Mastadenovirus, and Atadenovirus.8 The 

serotypes of BAV-1, -2, -3, -9 and -10 belong 

to the genus Mastadenovirus, and the sero-

types of BAV-4, -5, -6, -7, and -8 belong to the 

genus Atadenovirus.1,2,3,4,5,6,7,10 Serotypes 3, 4, 

7, 10 have been associated with enteric dis-

ease.4,7,8 BAV, including serotypes 3, 7 and 10 

has also been associated with respiratory dis-

ease.2,4,5,6 BAV-5 was isolated from a calf  

 

Figure 4-3:  Abomasum, Japanese black calf.  A 

section of abomasum with a focally extensive area 

of mucosal necrosis and hemorrhage is submitted 

for examination. There is marked edema and 

thickening of the submucosa.   (HE, 12X). 
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Figure 4-4: Abomasum, Japanese black calf.  

Higher magnification of the acute hemorrhage, 

glandular necrosis and aggregates of neutrophils 

within the mucosa.    (HE, 381X). 

with weak calf syndrome, but not have been 

fully associated with severe gastroenteric dis-

ease.1 

Adenovirus infections in animals appear, in 

general, to be subclinical, and disease seems 

to occur more commonly in immunologically 

compromised individuals.8 In the present calf, 

the stress and debilitation caused by transpor-

tation and by mycoplasmal pneumonia might 

have caused immunosuppression, followed by 

systemic BAV-5 infection and gastroenteritis. 

The pathogenesis of adenoviral gastroenteritis 

in calves is not fully clarified. It appears that 

after an initial viremic stage, the virus local-

izes in the endothelial cells of vessels in a va-

riety of organs, resulting in thrombosis with 

subsequent focal areas of ischemic necrosis.8 

Especially, in the bovine gastrointestinal tract, 

it appears that the endothelial cells of capillary 

and small veins are highly susceptible to cyto-

pathic effect of the BAV-5 strain. Severely 

swollen and necrotic endothelial cells may im-

pede the blood circulation through the lamina 

propria, leading to severe congestion, fol-

lowed by hemorrhage per diapedesis and per 

rhexis.  

 

Contributing Institution:  

National Institute of Animal Health,  

National Agriculture and Food Research Or-

ganization (NARO) 

3-1-5Kannondai, Tsukuba, Ibaraki 3050856, 

Japan 

(WSC ID95) 

http://www.naro.affrc.go.jp/english/niah/in-

dex.html 

 

JPC Diagnoses: 

Abomasum: Abomasitis, necrohemorrhagic, 

acute, focally extensive, severe, with submu-

cosal edema and endothelial intranuclear viral 

inclusions. 

JPC Comment:   

This was a beautiful example of a classic en-

tity that served as a nice little dessert to wrap 

the conference up. The endothelial intranu-

clear viral inclusions (and their ubiquitous dis-

tribution)  in this case are textbook-worthy 

(have you ever considered how many histo-

logic images in veterinary pathology texts 

come from the WSC?)   

As some participants struggled minimally 

with tissue identification in this case, a quick 

review of abomasal microanatomy is in order, 

as not all regions of the abomasum are identi-

cal.  Chief and pyloric cells are only found in 

Figure 4-5:  Abomasum, Japanese black calf.  En-

dothelial cells lining a submucosal vein contain  in-

tranuclear adenocarcinoma inclusions.    

(HE,1181X). 
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the fundic portion of the abomasum, whereas 

the pylorus and cardia lack these. Addition-

ally, there are no goblet cells. The lack of gob-

let cells in this section immediately rules out 

large intestine, Other helpful hints include the 

tortuosity of gastric pits, whereas intestinal 

crypts are straight. Adipose tissue is not found 

in the intestinal submucosa but can be seen in 

the submucosa of the ruminant abomasum and 

in the equine cecum. Lastly, the degree of au-

tolysis can also be used as a clue. The intes-

tines tend to have a high degree of autolysis 

due to the milieu of bacterial flora that reside 

within. The stomach, on the other hand, is a 

borderline sterile environment that very few 

bacteria can tolerate due to the level of acidity 

(unless you are Helicobacter spp…), so there 

is generally little autolysis.   

The contributor’s write-up of bovine adenovi-

ruses covered much of what was discussed in 

conference about this ubiquitous and relevant 

viral family. While the pathogenesis is not 

well-understood, the abomasum in this case 

had a significant, wedge-shaped hemorrhagic 

infarct on the H&E slide that tied in well to the 

current hypothesis on the pathogenesis of this 

virus. It is thought that viral targeting of endo-

thelial cells and subsequent endothelial viral 

inclusions may disrupt blood flow to some de-

gree, leading to turbulence and increased inci-

dence of thrombosis of smaller vessels that 

can lead to ischemic infarcts.9 There was con-

versation on whether this should be morphed 

as an abomasitis or a vasculitis due to the en-

dothelial targeting. It was ultimately the opin-

ion of participants that this would not classify 

as true vasculitis due to the lack of inflamma-

tion in vessel walls.  

Conference concluded with a quick review of 

the viruses that form paracrystalline arrays on 

electron microscopy, which include adenovi-

rus, polyomavirus, papillomavirus, picorna-

virus, circovirus, iridovirus, birnavirus, and 

flavivirus and a brief overview of a few perti-

nent adenoviruses in other species that would 

likely qualify as important boards-fodder. The 

main one on that list was canine adenovirus-1, 

which causes infectious canine hepatitis usu-

ally in puppies less than 10 days old and can 

also cause “blue eye” secondary to the corneal 

edema sometimes seen with this virus. The 

other notable mentions were avian adenovirus 

serovars 4 and 8, which cause inclusion body 

hepatitis and hydropericardium syndrome in 

poultry, and type II avian adenovirus, which 

causes hemorrhagic enteritis and marble 

spleen disease in turkeys. 
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