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CASE I: 

Signalment:  

Adult, castrated male, wild donkey (Equus 
africanus asinus) 

History:  

Seven wild donkeys died over the course of 

a week following a history of respiratory 

signs. Two of the donkeys were submitted 

for postmortem examination and diagnostic 

workup. Tissues from one of these animals 

are included here. 

Gross Pathology:  

The lungs are diffusely swollen with a lobu-

lar pattern. On the cut surface, red areas of 

pulmonary consolidation are seen in a lobu-

lar pattern, separated by unaffected lung lob-

ules. Moderate amounts of thick tan exudate 

are noted in the airways. The trachea con-

tains moderate amounts of stable foam. The 

tracheobronchial lymph nodes are enlarged. 

Laboratory Results:  

Virology: Influenza A virus was detected in 

nasal and bronchial swabs, as well as in the 

lung. Whole genome sequencing successful-

ly recovered 16% (2.1 kb) of the entire eq-

uine influenza virus genome. The strain was 

highly similar (>99.7% nucleotide identity) 

to multiple strains (H3N8) from the United 

States and Chile. 

-Equine herpesvirus 1 and 4 (EHV-1 

and EHV-4) were not detected by 

PCR. 

Figure 1-1. Lung, donkey:  The lungs fail to collapse and 

are diffusely swollen with a lobular pattern (Photo cour-

tesy of:  California Animal Health and Food Safety La-

boratory System (CAHFS), San Bernardino Laboratory, 

https://cahfs.vetmed.ucdavis.edu/locations/san-

bernardino-lab)  

Figure 1-2. Lung, donkey.  On the cut surface, there is 

pulmonary consolidation in a lobular pattern separat-

ed by unaffected or overinflated lung lobules. (Photo 

courtesy of:  California Animal Health and Food Safe-

ty Laboratory System (CAHFS), San Bernardino La-

boratory, https://cahfs.vetmed.ucdavis.edu/locations/

san-bernardino-lab) .  
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-No viral particles were detected by 

virus isolation (nasal and bronchial 

swabs and lung). 

Bacteriology: Mixed flora was isolated form 

the lung.  

Electron microscopy: No viral particles were 

detected in the lung.  

Contributor’s Comment: 

Equine influenza virus A (EIV) is an envel-

oped, single-segmented, negative-sense 

RNA virus belonging to the Orthomyxoviri-

dae family and Influenza A genus.8 In 

equids, two main subtypes have been de-

scribed: H7N7 (extinct since 1979) and 

H3N8.1 H3N8 infects and causes disease in 

horses, donkeys, dogs, pigs, and camels, and 

there is evidence that it occasionally infects 

humans.7,14,15 Outbreaks of H3N8 in donkeys 

have been identified in several regions and 

countries, including the United States, Bra-

zil, Chile, Europe, China, Senegal, Pakistan, 

Turkey, West and Central Africa, Egypt, and 

India.1 Only a few countries such as New 

Zealand and Iceland are free of equine influ-

enza.3 H3N8 strains have been considered 

emerging in donkeys in Colorado, Califor-

nia, and China.1,14 Outbreaks of H3N8 show 

no age predilection; morbidity is often high 

(81%) and mortality is low, although it can 

reach up to 20%, particularly in don-

keys.8,11,14 Donkeys are more susceptible to 

EIV infection compared to horses,3,12 possi-

bly due to a higher propensity for bacterial 

bronchopneumonia or recurrent coinfections 

with Dictyocaulus arnfieldii.3 

EIV is extremely contagious and transmis-

sion occurs by direct contact with infected 

animals or fomites, as well as via aerosols. It 

can effectively travel through the air over 

distances of up to 1-2 km.12 The incubation 

period ranges from 1 to 3 days.12 EIV pri-

marily infects respiratory tract epithelial 

cells through receptor-mediated endocytosis. 

The spike glycoprotein, HA, attaches to sial-

ic acid receptors on the host cell surface.10,12 

Viral replication leads to epithelial cell 

death, mostly through apoptosis, and subse-

quent chemotaxis of immune cells, causing 

inflammation and reducing mucociliary 

clearance.10 

Uncomplicated cases of EIV infection are 

typically mild and self-limiting. In equids, 

clinical signs include nasal serous or muco-

purulent discharge, dry cough, pyrexia, loss 

of appetite, weakness, poor performance, 

Figure 1-3. Lung, donkey:  In the submitted sec-

tions of lung, over 50% of the pulmonary paren-

chyma is consolidated. (HE, 10X) 

Figure 1-4. Lung, donkey:  Throughout the sec-

tion, airways are filled with large numbers of 

neutrophils, macrophages, mucin, and cellular 

debris.  There is segmental necrosis and loss of 

airway epithelium.  The inflammatory exudate 

extends into and fills adjacent alveoli. 
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and hyperemia of nasal and conjunctival mu-

cosae.9 Clinical signs are generally milder in 

horses and mules compared to donkeys.12 

Fatal cases may occur with complications 

from pulmonary bacterial infections such as 

those caused by Streptococcus equi subsp. 

zooepidemicus, Streptococcus spp., Klebsiel-

la pneumoniae, and Actinobacillus 

spp.5,6,11,14 Rare complications include myo-

carditis, chronic obstructive pulmonary dis-

eases, and encephalitis.9,12 

 

Typical pathological changes in equids with 

viral pneumonia include pulmonary consoli-

dation in a lobular pattern separated by unaf-

fected or overinflated lung lobules, or less 

commonly, a diffuse pattern of pneumonia.1 

EIV infections complicated by secondary 

bacterial infections are characterized by fi-

brinosuppurative exudate and pulmonary 

consolidation, mostly restricted to the crani-

oventral pulmonary lobes (broncho-

pneumonia).1,12,13 Histologically, acute stag-

es typically reveal rhinitis and tracheitis with 

epithelial necrosis and infiltrates of lympho-

cytes in the lamina propria. Subacute to 

chronic lesions consist of epithelial hyper-

plasia and squamous metaplasia.6,11 Affected 

lungs exhibit bronchointerstitial pneumonia 

with hyaline membranes in the alveoli, type 

II pneumocyte hyperplasia, and necrotizing 

bronchitis/bronchiolitis. Secondary bacterial 

bronchopneumonia may also develop.4,6,12 

Other viral upper respiratory infections such 

as Equine Herpesvirus 1 (EHV-1) and Eq-

uine Herpesvirus 4 (EHV-4) produce similar 

lesions and should be considered as differen-

tial diagnoses in donkeys.2 Confirmation of 

the etiology in cases of EIV infection should 

involve fluorescent antibody testing (FAT), 

immunohistochemistry (IHC), virus isola-

tion, molecular testing, and/or partial genetic 

and phylogenetic analysis of the virus.10 

Contributing Institution: 

California Animal Health and Food Safety 

Lab  

105 W Central Ave, San Bernardino, CA 

92408, USA.  

https://cahfs.vetmed.ucdavis.edu/ 

 

JPC Morphologic Diagnosis:  

Lung: Pneumonia, bronchointerstitial, ne-

crotizing and fibrinosuppurative, acute, mul-

tifocal to coalescing, marked, with throm-

bosis, edema, and hyaline membranes.   

 

 

Figure 1-5. Lung, donkey: In inflamed areas, 

alveoli septa are  filled with numerous neutro-

phils, alveolar macrophages, edema, hemor-

rhage, and polymerized fibrin.  Alveolar septa 

are markedly congested with mild edema, in-

creased numbers of circulating neutrophils, and 

occasional Type II pneumocyte hyperplasia. 

Figure 1-6. Lung, donkey:  Compacted fibrin 

lines alveolar septa (hyaline membranes).  (HE, 

773X) 

https://cahfs.vetmed.ucdavis.edu/locations/san-bernardino-lab
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JPC Comment: 

The 20th conference of the 2025-2026 

Wednesday Slide Conference was moderat-

ed by the wonderful Dr. Patty Pesavento, 

from the University of California, Davis. 

This first case was a fantastic example of 

equine influenza with a secondary bacterial 

infection, and the contributor provided a fan-

tastic writeup for this entity.  

Determining differentials in a case of viral 

pneumonia in any species requires a working 

knowledge of viral pathogenesis and target 

cells to refine the list of potential offenders. 

In this case, the most striking hallmarks for 

influenza virus include the end-airway epi-

thelial necrosis and patchy areas of hemor-

rhage. Influenza is both endotheliotropic and 

epitheliotropic and, while it affects epithelial 

cells in the upper airways, it has unique tro-

pism for the type I and type II pneumocytes 

of the alveoli as well. It causes significant 

destruction to end-airways as a result. This 

key difference can help separate an influenza 

infection from other pneumotropic viruses, 

such as calicivirus in cats. (Feline calicivirus 

infection of the lung can look nearly identi-

cal to an H5N1 influenza virus infection in a 

cat, but the state of the end airways can help 

clue in the pathologist to which virus is most 

likely and can assist in decision-making for 

next testing steps. The more virulent strains 

of feline calicivirus can cause severe intersti-

tial pneumonia, but they do not cause necro-

sis of end airways the way that influenza 

does.) 

Grossly, an influenza-infected lung has a 

“checkerboard” appearance with random, 

alternating areas of dark red atelectasis and 

light pink, aerated lung. This pattern mani-

fests because influenza does not uniformly 

infect every cell it comes into contact with 

due to varied densities of sialic acid recep-

tors on the host cells. Dark red to purple are-

as of consolidation represent collapsed alve-

oli whose airway has been clogged by exu-

date and which can no longer pass air 

through to the alveoli.. These solidified, dark 

red sections contrast sharply with the lighter-

colored, air-filled alveoli. 

As stated by the contributor, donkeys are 

more susceptible to equine influenza virus 

than horses, although both species primarily 

develop respiratory disease with influenza.1 

This is true in pigs and humans, as well, 

where the lung is the main target of influen-

za.  

In cats, however, the primary presentation of 

influenza, especially H5N1, is encephalitis. 

Cats are also susceptible to cerebral infarcts 

from influenza targeting vascular endotheli-

um. Swine can also be infected with neuro-

tropic strains of influenza A, including 

H5N1. One of the main mechanisms for in-

fection with H5N1 influenza in cats is con-

sumption of contaminated cow’s milk.9  

In cattle, the primary targets for influenza 

are the mammary glands due to high tropism 

for and concentration of the virus in bovine 

mammary gland epithelium with subsequent 

shedding of the virus into milk.9 It is unclear 

if this is true in other species, but it has been 

definitively demonstrated that, in humans, 

the virus does not target the mammary 

glands.9 Additionally, modern pasteurization 

Figure 1-7. Lung, donkey:  A pulmonary vein con-

tains a large occlusive fibrin thrombus (HE, 162X) 
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and homogenization methods used in most 

commercial dairies completely kills any in-

fluenza virus that may be present in cow 

milk, so milk from dairies that use these 

methods is still very much safe for human 

consumption.9 In birds, the primary cellular 

targets for influenza, especially highly path-

ogenic avian influenza, are the brain and 

pancreas. Avian influenza was discussed 

more in depth in this year’s Conference #17, 

Case 2.  

All participants considered the bacterial in-

fection to be secondary and due to aero-

genous introduction of bacteria into an al-

ready virus-infected lung. This ruled out 

Streptococcus spp, including S. equi or S. 

zooepidemicus, as contributing to the bacte-

rial infection, as these spread hematogenous-

ly.  
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CASE II: 

Signalment: 

4-year-old, male, Balinese cat, (Felis sil-

vestris catus)  

History: 

Sudden death, after one month in which the 

subject manifested increased appetite. 

Gross Pathology: 

At necropsy, multiple organs were affected: 

Abdominal cavity: in the cavity there was an 

effusion (approx. 30 ml) of pale, yellow, and 

transparent fluid which contained scattered 

strands of white, elastic, and insoluble mate-

rial (fibrin). 

On the serosal surfaces of the major ab-

dominal and thoracic organs (spleen, kid-

neys, intestine, pancreas, lungs and heart) 

there were multifocal, well defined, irregu-

larly round, raised, white, and compact 

plaques that varied in size from few millime-

ters to a centimeter in major diameter. Some 

of these lesions extended into the parenchy-

ma of organs and presented poorly defined 

and irregular edges. 

Thoracic cavity: the same fluid (approx. 10 

ml) was found in the thoracic cavity. 

Trachea: There was moderate intraluminal 

white-pink foam (edema). Lungs: multifocal, 

white, solid, slightly protruding lesions up to 

few millimeters in diameter were present 

under the pleura. At cut surface, they 

showed irregular well-defined margins and 

white coloration. 

Liver: The serosal surface of the organ was 

covered by extensive and abundant yellow, 

firm material, with a granular superficial ap-

pearance. On cut surface, the material did 

not extend into the parenchyma. Many mul-

tifocal friable yellow adhesions were present 

between the liver and the wall of the ab-

dominal cavity. 

Lymph nodes: Thoracic and abdominal 

lymph nodes were enlarged, dark red, and 

firm. At cut surface, they presented a diffuse 

homogenous dark red coloration. The mac-

roscopic morphological diagnosis was there-

fore: diffuse and severe fibrinous peritonitis 

and pleuritis with generalized severe hemor-

rhagic lymphadenitis. 

Laboratory Results:  N/A 

2-1.  Lymph node, cat.  A partial section of a 

markedly enlarge lymph node is submitted for 

examination.  There is loss of the  normal nodal 

architecture. (HE, 9X)  
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Microscopic Description: 

Abdominal lymph node: Multifocal, severe 

cellular infiltrates with undefined margins 

are randomly distributed within the lymph 

node parenchyma especially in the subcapsu-

lar areas. They extend into the serosal ex-

panding and effacing the mesothelial lining. 

The infiltrates are characterized by a severe 

mixed inflammatory population with large-

numbers of both viable and lytic neutrophils 

surrounded by occasional large macrophages 

with abundant cytoplasm and rare lympho-

cytes and plasma cells. In the center of al-

most each infiltrate the neutrophils popula-

tion shows karyolysis, pyknosis, karyorrhex-

is and the accumulation of extensive amount 

of amorphous eosinophilic, proteinaceous 

material admixed with cellular debris (lytic 

necrosis).  

Immunohistochemical (IHC) staining of 

lymph node sections using a mouse anti-

Feline Coronavirus antibody (clone FIPV3-

70 Serotec, Oxford UK) demonstrates strong 

positivity for many elements within the in-

flammatory infiltrates, suggestive of pres-

ence of viral antigen. 

Contributor’s Morphologic Diagnosis: 
Multifocal severe necrotizing and piogranu-

lomatous lymphadenitis and peritonitis asso-

ciated with Feline Coronavirus antigen. Fe-

line infectious peritonitis. 

Additional findings: 

- Diffuse severe peritonitis 

- Multifocal severe piogranulomatous 

hepatitis, pneumonia, pancreatitis, 

nephritis,myocarditis and enteritis. 
- Lung: Mild diffuse edema and mild dif-

fuse emphysema 

- Liver: Diffuse, severe hepatic hydropic 

degeneration. 

Contributor’s Comment: 

Feline infectious peritonitis (FIP) is an un-

common, fatal, progressive, and immune-

mediated disease of cats caused by feline 

coronavirus (FCoV) infection. At present, 

despite decades of research on its etiology, 

pathogenesis, transmission, and prevention, 

FIP is still one of the most frequent fatal and 

infectious feline disease for which there is, 

so far, no effective cure.1 

Infection with FCoV is common in cats 

throughout the world, although, in most cats, 

the virus causes no clinical signs. However, 

in some cats, FCoV infection is associated 

with the development of the progressive and 

fatal disease manifestation of FIP.3 

2-2. Lymph node, cat.  There is marked expansion 

of the paracortex with loss of germinal centers. 

Numerous tingible body macrophages and apop-

totic lymphocytes give the node a “starry sky” 

Figure 2-3. Lymph node, cat.  Lymph node, cat 

There are numerous coalescing areas of lytic ne-

crosis within the expanded paracortex.  (HE, 

114X)  



 

 8 

The current knowledge of genetic differ-
ences between feline enteric coronaviruses 
(FECV) and feline infectious peritonitis vi-
rus (FIPV) has been mainly based on com-
parative sequence analyses that revealed 
“discriminatory” mutations that are present 
in FIPVs but not in FECVs.6 Most of these 
mutations result in amino acid substitutions 
in the S protein and these may have a critical 
role in the switch from FECV to FIPV.1 In 
most cases, the precise roles of these muta-
tions in the molecular pathogenesis of FIP 
have not been tested experimentally in the 
natural host, mainly due to the lack of suita-
ble experimental tools including genetically 
engineered virus mutants.6 

Cats that do not clear FIPV develop either 

dry or wet forms of the disease depending on 
whether ineffective cell-mediated or humor-
al immunity dominates the clinical disease. 

Although often described as distinct entities, 
the effusive and non-effusive forms of FIP 
are the farthest of a continuum of syn-
dromes, characterized by vasculitis and 

pyogranulomatous inflammation. Effusive 
disease is more common than the non-
effusive form, and mixed forms are com-

mon.6 In our case clear indication of vascu-
litis was not present and necrosis was dif-
fusely associated with the pyogranulomatous 

infiltrate, therefore IHC was needed to con-
firm the etiology. 

Contributing Institution: 

Dept. Comparative Biomedicine and Food 

Science (BCA) - 

Veterinary Medicine - University of Padua 

AGRIPOLIS - Viale dell'Università 16 

35020 Legnaro (PD) - Italy 

http://www.bca.unipd.it/en/ 

 

JPC Morphologic Diagnosis:  

Lymph node: Lymphadenitis and capsulitis, 
necrotizing and granulomatous, chronic, 
multifocal to coalescing, marked, with para-
cortical hyperplasia.  

 

JPC Comment: 

This case was an excellent representation of 

a real-life manifestation of FIP, as classic 

vasculitis was not a significant part of this 

lesion (although areas of necrosis within the 

node suggested the presence of vascular 

damage.   The top differentials for partici-

pants included FIP, Francisella tularensis, 

and Yersinia pestis (causative agent of bu-

bonic plague) and other “hot” gram-

negatives, and less commonly, and rare cas-

es of feline parvovirus infection. The Pe-

savento Laboratory confirmed the positive 

Figure 2-4. Lymph node, cat.  There are extensive 

areas of granulomatous inflammation scattered 

throughout the cortex.  (HE, 381X)  

Figure 2.5. Lymph node, cat.  Areas of granuloma-

tous inflammation demonstrate strong im-

munostaining  against coronaviral antigen (anti-

FIPV3-70, 200X)   (Photo courtesy of:  Dept. Com-

parative Biomedicine and Food Science (BCA), 

Veterinary Medicine - University of Padua, http://

www.bca.unipd.it/en/). 

http://www.bca.unipd.it/en/
http://www.bca.unipd.it/en/
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immunohistochemical identification of coro-

navirus in this case using a canine corona-

virus antibody which cross reacts with many 

other related coronaviruses. 

FIP is globally distributed and fatal if un-

treated. Today, however, antiviral treatment 

is over 80% effective.4 Certain breeds are 

more susceptible to infection, but the gene 

association in the host has not yet been iden-

tified.8 FIPV can cause disease in exotic big 

cat species as well, and has been reported in 

lions, servals, cheetahs, mountain lions, and 

others.2,5,7,9,10  

Dr. Pesavento discussed how much we still 

have to learn about FIP, including the trig-

gers of viral activation, how FIP persists in a 

host, the host range, susceptibility factors, 

and how variable manifestations of infection 

affect the outcome for the individual. While 

98% of cats infected with FeCoV never de-

velop FIP, what exactly causes or triggers 

the genetic mutations that result in FIP is 

still unknown. The general cause of FIP is 

enteric persistence of FeCoV within a host, 

specifically within the colon, coupled with 

systemic access and mutation of the virus 

into a pathogenic FIPV. There are multiple 

mutations and multiple genes involved in 

this transformation of FeCoV into FIPV, 

many of which are not fully understood.  

Additionally, a phenomenon known as 
“antibody-dependent enhancement” has been 

demonstrated in cats that are re-infected with 
an identical serotype of FIPV.11 Antibody-
dependent enhancement (ADE) is a phenom-

enon in which non-neutralizing or weak anti-
bodies bind to a virus but fail to neutralize it. 
Instead, the antibody actually facilitates the 

virus’ entry into cells, resulting in increased 
viral replication and more severe disease.11 
This makes this disease particularly chal-

lenging for vaccine development. Currently 
vaccine development targets the nucleocap-

sid (N) protein. This N protein is well-
conserved across coronaviral strains, unlike 

the spike (S) protein that is prone to signifi-
cant variation. The N protein can trigger a 
longer-lasting antibody response, but, per-

haps more importantly, an N-specific cyto-
toxic T lymphocyte response. This elegant 
targeting of a cell-mediated, rather than a 

humoral, response may help avoid antibody-
dependent enhancement in FIPV.  
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CASE III: 

Signalment: 

5-month-old, female black-winged starling 

(Acridotheres melanopterus) 

History:  

This was a parent-raised bird hatched in a 

mixed species aviary. It was found dead in 

the habitat with no previous clinical history. 

Gross Pathology: 

Postmortem and body condition were good 

with mild autolysis and moderate fat stores. 

The liver was enlarged filling much of the 

coelomic cavity and mottled shades of tan 

and brown. The spleen was enlarged at 3 x 

0.5 x 0.5 cm. The upper gastrointestinal tract 

was empty and the small and large intestinal 

loops were diffusely mildly dilated.  

Laboratory Results:  

In-house cPCR assays with sequencing 

(frozen lung and duodenum): 

- Isospora-specific cytochrome c oxi-

dase: Isospora serini (BLAST Ac-

cession ON584773), 96.7-96.9% 

identical 

- Trichomonas 18S rRNA: Cochloso-
ma anatis (BLAST Accession 

AY247745), 92.7% identical 
Electron microscopy, California Animal 

Health and Food Safety Lab in Davis, CA 

(formalin-fixed liver): 

- Free organisms- family Tricho-

monadidae flagellates with 5 apical 
flagella (one recurrent) 

• Lymphocytes- Intracytoplasmic 

Isospora 
 

Microscopic Description:  

Liver: Surrounding portal regions and occa-

sionally coalescing are infiltrates of moder-

ate numbers of lymphocytes and histiocytes 

that disrupt the hepatic architecture. Within 

the lymphocytes and histiocytes are numer-

ous, 2um in diameter, basophilic protozoal 

organisms surrounded by a thin, clear halo 

that peripheralizes the nucleus. The inflam-

matory cells separate and individualize the 

hepatocytes, which display mild karyomeg-

aly and frequent binucleation. Free within 

the sinusoidal lumina and within portal and 

central veins are numerous, approximately 5 

um diameter, pyriform flagellate protozoa 

with a single, variably distinct nucleus. Oc-

casional large lymphocytes and rare plasma 

cells circulate throughout the sinusoids.  

Duodenum: The mucosal lamina propria is 
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markedly infiltrated and expanded by nu-

merous lymphocytes and histiocytes with 

rare plasma cells. The inflammatory cells 

broaden and occasionally fuse the villi and 

separate the intestinal crypts. Within the 

mononuclear cells are abundant 2um diame-

ter, basophilic protozoal organisms sur-

rounded by a thin, clear halo that peripheral-

izes and indents the nucleus. The crypt epi-

thelial cells are often pyknotic and sloughed 

into the lumen. Epithelial cells at the crypt 

bases are often hyperplastic, piling three to 

four cells thick with increased numbers of 

mitotic figures. The coelomic fat surround-

ing the duodenum has small, multifocal ag-

gregates of lymphocytes.  

Cloaca, colon, and bursa of Fabricius: The 

lamina propria of the colon is infiltrated and 

expanded by moderate numbers of lympho-

cytes and plasma cells that separate colonic 

crypts. Multifocal crypts are filled with nu-

merous, approximately 5 um diameter, pyri-

form flagellates with a single, variably dis-

tinct nucleus. Similar flagellates are also 

identified in large numbers within the lumen. 

Within the bursa of Fabricius, there are simi-

lar trichomonad flagellates as well as ap-

proximately 2-3 um diameter, round, proto-

zoal organisms that are often adhered to the 

superficial surface of the epithelial cells. 

 

Contributor’s Morphologic Diagnosis: 

Liver: Moderate, multifocal, chronic, lym-

phohistiocytic hepatitis with intracellular 
protozoa (consistent with isosporosis, Iso-
spora sp) and sinusoidal flagellates 

Duodenum: severe, chronic, segmental, his-
tiocytic enteritis, with abundant intracellular 

protozoa (consistent with isosporosis, Iso-
spora sp.)  
Cloaca and bursa of Fabricius: moderate, 

chronic, proliferative and lympho-
plasmacytic cloacitis and bursitis with super-
ficial mucosal protozoa, consistent with 

cryptosporidiosis, Cryptosporidium sp.  
Colon and cloaca: myriad crypt and luminal 
flagellates  

 
Contributor’s Comment: 

This young black-winged starling had two 

clinically significant systemic protozoal in-

fections, confirmed by PCR assays and elec-

tron microscopy, that likely led to its death. 

A third suspected protozoal infection was 

seen histologically in the cloaca and bursa of 

Fabricius but not confirmed with ancillary 

testing. Gizzard candidiasis completed the 

picture of a bird with an immature or defi-

cient immune system despite its apparently 

3-1. Abdominal viscera, starling: Sections from 
the gastrointestinal tract to include liver, duode-
num, pancreas, cloaca and bursa are submitted 
for examination. 

Figure 3-2. Liver, starling:  There is marked in-

flammation centered on portal areas, which is 

composed of large numbers of macrophages, lym-

phocytes and plasma cells which crosses the limit-

ing  plate and extends into the adjacent hepatic 

parenchyma.   (HE, 279X).    
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adequate nutritional status.  

Systemic isosporosis was identified histolog-

ically and cytologically in histiocytes and 

lymphocytes of an inflammatory response 

affecting small intestine, liver, spleen, and 

other tissues. Isosporosis is well-described in 

captive and free-range passerines. Formerly 

known as atoxoplasmosis, the pathogenesis 

of systemic isosporosis remains uncertain 

but involves extraintestinal invasion of mon-

onuclear cells by sporozoites that undergo 

asexual reproduction. It is endemic in popu-

lations of passerines with fatal infections 

associated with stress, concurrent infections, 

or immunosuppression.3 Mortality due to 

Isospora sp in wild birds is low, however, 

mortality in captive birds is significantly 

higher. Stress due to captivity and increased 

shedding of infective oocysts have been pro-

posed as possible causes for the higher mor-

tality observed in captive passerines.3 As 

seen in this case, isosporosis is most com-

monly seen in the proximal segments of the 

small intestine and is accompanied by infil-

tration by mononuclear cells. Compromise 

to the intestinal mucosa as a result of the se-

vere inflammation in this case could have 

led to invasion by the second protozoal in-

fection. 

Present in often very large numbers through-

out the vasculature were extracellular proto-

zoa consistent with flagellates that could 

have contributed to the inflammation in 

some tissues. Using a trichomonad PCR as-

say, sequences with a closest match to 

Cochlosoma anatis were obtained from both 

lung and intestine, although identity was on-

ly ~93%. Electron microscopy of liver tissue 

confirmed intracellular protozoa consistent 

with Isospora, and extracellular flagellates 

consistent with tetratrichomonads based on 

the presence of 5 undulipodia at the apical 

pole with one recurrent. In contrast, Cochlo-

soma sp. have six flagella, one of which is 

recurrent. Both Cochlosoma and Trichomo-

nas have a single nucleus, a parabasal appa-

ratus, a tubular axostyle, and a crescent-

shaped pelta.6 Prior studies have identified 

via sequence analysis of the 16S rRNA gene 

that Cochlosoma and Trichomonas are ge-

netically similar, which likely accounts for 

the 93% identity match.4 Tetratrichomonas 

and C. anatis are often identified with other 

intestinal pathogens and their pathogenicity 

as a sole pathogen remains uncertain.1,4 Both 

have been documented as the cause of fulmi-

3-3. Liver, starling: Macrophages and lympho-

cytes occasionally contain a single cytoplasmic 

protozoal zoite consistent with Sarcocystis spp. 

which measures 2-3um and often peripheralizes 

or compresses the nucleus.   (HE, 1793X).   

Figure 3-4. Liver, starling:  Within portal areas,  

macrophages also contain multiple 2-4um pyri-

form flagellates within their cytoplasm. (HE, 

1493X)  
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nant disease in a variety of birds. Tetratrich-

omoniasis has been identified as the causa-

tive agent of acute typhlohepatitis in ducks, 

a necrotizing hepatitis and splenitis in a 

Waldrapp ibis and necrotizing hepatitis in a 

free-ranging white pelican.1,2 Cochlosoma 

anatis is linked to enteritis in turkeys, as 

well as increased dehydration, malabsorp-

tion, and mortality in young finches.4 How-

ever, prior studies have failed to document 

clinical signs or histologic lesions in experi-

mental infections with Trichomonas and 

coinfections of Cochlosoma with other intes-

tinal pathogens have demonstrated greater 

pathogenicity than with either pathogen 

alone.1,4 

Flagellates were also present in the colonic 

and cloacal lumen, including deep in the 

crypts. In this location, their visualization 

was complicated by suspected cryptosporidi-

osis, the third protozoal infection, which was 

best seen in the bursa of Fabricius. The cryp-

tosporidiosis within the bursa of Fabricius 

was not confirmed via ancillary diagnostics, 

but the appearance in this location was typi-

cal, though less common than proventricular 

cryptosporidiosis in passerines. The coloni-

zation of the bursa by the Cryptosporidium 

and the resulting bursitis may have impaired 

the humoral immune response, further pre-

disposing the starling to the multiple concur-

rent protozoal infections.  

 

Contributing Institution: 

Disease Investigations 

San Diego Zoo Wildlife Alliance 

PO Box 120551 

San Diego, CA 92112 

https://science.sandiegozoo.org/disease-
investigations 
 

JPC Morphologic Diagnosis:  

1. Liver: Cholangiohepatitis, histiocytic 
and lymphoplasmacytic, chronic, diffuse, 
marked, with intrahistiocytic apicom-
plexan zoites and sinusoidal flagellates. 

2. Duodenum: Enteritis, histiocytic, chron-
ic, diffuse, severe, with intrahistiocytic 
apicomplexan zoites.  

3. Cloaca: Cloacitis, proliferative and histi-
ocytic, chronic, diffuse, marked, with 
numerous luminal flagellates.  

4. Bursa of Fabricius: Bursitis, necrotizing, 
chronic, multifocal, mild, with intralu-
minal flagellates.  

Figure 3-5. Duodenum, starling:  The lamina pro-

pria is expanded by large numbers of macrophag-

es which surround, separate, and often efface 

crypts.   (HE, 279X)  

Figure 3-6. Duodenum, starling;  Macrophages 

occasionally contain a single cytoplasmic protozo-

al zoite consistent with Sarcocystis spp. which 

measures 2-3um and often peripheralizes or com-

presses the nucleus.   (HE, 1793X).  

https://science.sandiegozoo.org/disease-investigations
https://science.sandiegozoo.org/disease-investigations
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JPC Comment: 

Many thanks to this contributor for an inter-

esting case and well-written comment! It has 

been a while since the WSC saw a case of 

atoxoplasmosis (WSC 2009, Conf 18, Case 

3), and this case provided some excellent 

discussion points. This was a challenging 

slide for many participants due to the lym-

phoproliferative nature of this protozoal in-

fection, which, depending on the severity of 

the infection and the species affected, can be 

confused with lymphoma caused by gallid 

herpesvirus-2 (Marek’s disease), and avian 

retrovirus (lymphoid leukosis), etc.3 This 

was true in this conference, and some partic-

ipants wondered about a lymphoma as the 

primary disease with the protozoa being sec-

ondary. The Isospora serini were easier for 

the participants to find in this collection of 

tissue, but finding the flagellates, 

(Cochlosoma anatis) proved more difficult 

on the HE section (however, once the first 

flagellate were identified, participants were 

able to find them with ease.)   Flagellates 

have a small, pinpoint nucleus and piriform 

shape, which differentiates them from mucin 

and debris.  The group decided that there 

was not definitive evidence of cryptosporidia 

on the section of bursa, but only a very lim-

ited area of bursal epithelium (which cryp-

tosporidia invade) was present in the section, 

so sampling was extremely limited. 

This case provided a nice example of granu-

lopoiesis in the liver, characterized by granu-

locytes that lacked a bilobed nucleus and 

clustered with hematopoietic precursors. It is 

easy to overlook or over-interpret extrame-

dullary hematopoiesis, but knowing which 

species it is normally and commonly seen in 

is important. Birds, reptiles, and some ro-

dents can routinely have foci of EMH in 

their livers. There was additionally some 

beautiful tertiary lymphoid follicle develop-

ment in this case secondary to the chronic 

inflammation!  

Evaluation of the bursa of Fabricius proved 

to be an important point of discussion. The 

bursa naturally involutes as birds age and 

should be a synchronous process.7 In chick-

ens, the Bursa begins involution around 8-10 

weeks of age and is generally heavily invo-

luted by 6-7mo old.7 In this case, however, 

there was asynchronous depletion of the 

Bursa, indicating that this was not natural 

involution. There were some follicles that 

exhibited lytic central necrosis and lympho-

cytolysis, demonstrating an active insult to 

the Bursa that may have contributed to this 

Figure 3-7. Cloaca: There are numerous 2-4um 

pyriform protozoa within the glands and occasion-

ally with macrophages cytoplasm.  (HE 864X)  

Figure 3-8. Bursa of Fabricius, starling:  There 

are numerous cryptosporidial meronts and 

gamonts within the apical cytoplasm 

(intracellular, extracytoplasmic) of epithelial cells.  

(HE, 1072X)  
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bird’s immunosuppression. Whether this was 

viral or parasitic could not be determined. 

Although participants were not convinced 

about Cryptosporidium spp., the bursal epi-

thelium are good places to hunt for them 

since the bursa of Fabricius is a continuation 

of the intestine. In trying to put a pathogene-

sis together in this case, participants thought 

that the most likely primary cause of this 

bird’s demise was nutritional malabsorption 

due to the marked histiocytic enteritis with 

epithelial necrosis and crypt separation.  

Finally, Dr. Pesavento quizzed participants 
on the ultrastructural images from this case, 

which was an appreciated, succinct review 
for many attendees. Key takeaways from this 
discussion included trusting your anchors 

(i.e. erythrocytes, nuclei, etc.), determining 
the number of cell profiles in the EM image, 
and knowing what normal looks like so you 

can evaluate the abnormal. The protozoal 
organisms on EM had some key characteris-
tics to look for, as well, including the flagel-

la on the trichomonads with their classic mi-
crotubule 9+2 arrangement, and the apicom-

plexan conoid, rhoptries, and micronemes 
within the Isospora.5,6 Her last piece of wis-
dom in this case regarded microvilli on EM: 

don’t call them microvilli unless you can see 
the actin microfilaments holding them up. If 
not, they are termed “cellular projections.”  
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CASE IV: 

Signalment: 

5-year-old, female-spayed , mixed-breed dog 

(Canis familiaris) 

History: 

The patient presented to a veterinary medical 

teaching hospital with left-sided hemipare-

sis, acute onset of bilateral blindness and 

circling to the right. Bloodwork revealed no 

significant abnormalities. Upon hospital ad-

mission, the patient's obtundation progressed 

to stupor so euthanasia was elected . The 

owners reported that the patient had no sig-

nificant clinical history other than diagnosis 

of and recovery from canine distemper at 1-

year-old. 

Gross Pathology: 

No significant gross abnormalities were ap-

preciated. 

Laboratory Results: 

Canine distemper virus (Brain): Neurons 

and, less frequently, astrocytes exhibit strong 

cytoplasmic immunoreactivity. 

Special stains:  Luxol fast blue (Brain): De-

creased positive staining supports demye-

lination of the cortical white matter. 

Microscopic Description:  

The slide contains one section of cerebrum 

at the level of the basal nuclei and corpus 

callosum. The white matter and, to a lesser 

extent, grey matter are moderately vacuo-

lated and hypercellular. Vacuolation is de-

fined by clear, well-demarcated vacuoles 

that reach up to 50 um diameter 

Figure 4-1. Cerebrum, dog:  A section of cerebrum 

through the corpus callosum and thalmusis  sub-

mitted for examination.  At subgross magnifica-

tion perivascular cuffing of thalamic vessels is visi-

ble. (HE, 8X)  
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(spongiosis). The neuropil is additionally 

disrupted by increased numbers of proliferat-

ing glial cells (gliosis). Parenchymal vacuo-

lation and gliosis of the grey matter is less 

severe than that described within the white 

matter. Neurons and astrocytes occasionally 

contain round intranuclear inclusion bodies 

that are approximately 5 um diameter and 

brightly eosinophilic. Morphologically-

similar, intracytoplasmic inclusions are rare. 

Perivascular cuffing throughout the grey and 

white matter is characterized by mild to 

marked expansion of Virchow-Robbins 

space by small numbers of densely-packed 

lymphocytes and fewer plasma cells. 

Contributor’s Morphological Diagnosis: 

Brain: Severe multifocal demyelination with 

lymphoplasmacytic perivascular encephali-

tis, gliosis and neuronal and astrocytic, intra-

nuclear and intracytoplasmic inclusion bod-

ies. 

Contributor’s Comment: 

This case highlights an excellent example of 

canine distemper virus infection in the brain 

of a dog. Astrocytes and neurons contain 

both intracytoplasmic and intranuclear viral 

inclusion bodies, which are characteristic of 

Canine Distemper Virus (CDV) and other 

Paramyxoviruses including Newcastle Dis-

ease Virus, Measles Virus and Rinderpest 

Virus. The first supplementary image illus-

trates immunoreactivity for CDV within a 

neuron. The second supplementary image 

highlights demyelination and status spongio-

sis of the white matter, which has been pro-

posed to be consequent to the direct effect of 

the virus on oligodendrocytes. Interestingly, 

there is no ultrastructural evidence of viral 

infection of oligodendrocytes.5 However, 

studies over the past decade have suggested 

that an axonopathy precedes demyelination, 

therefore promoting speculation that CDV 

encephalopathy is not a primary demyelinat-

ing disease.4 

Four distinct presentations of CDV within 

the central nervous system have been char-

acterized: classic canine distemper, multifo-

cal distemper encephalomyelitis in mature 

dogs, old dog encephalitis and post-vaccinal 

canine distemper encephalitis. 

Despite discrepancies in clinical presenta-

tion, initial disease pathogenesis remains 

similar across all four presentations. Upon 

inhalation, viral particles gain access to mac-

rophages and epithelial cells through the sig-

naling lymphocyte activation molecule 

(SLAM) and nectin-4 receptor, respectively. 

The virus travels within these infected leu-

kocytes to regional lymph nodes and the ton-

sils, where viral replication occurs over the 

Figure 4-2. Cerebrum, dog:  At low magnification, 

marked spongiosis of the thalamic white matter 

and to a lesser extent, the internal capsule is visible. 

(HE, 12X) 

Figure 4-3. Cerebrum, dog:  In areas of thalamic 

spongiosis, there is marked dilation of myelin 

sheaths with spheroid formation.  (HE, 273X)  
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first twenty four hours of infection. Cell-

associated viremia follows and the virus 

spreads to all lymphoid tissues and blood 

lymphocytes by five days post-infection. Vi-

ral infection of lymphoid tissues and lym-

phocytes results in lymphocytolysis and leu-

kopenia, which ultimately leads to immuno-

suppression. Following initiation of immu-

nosuppression, the clinical course depends 

largely on the host immune response, name-

ly whether there is adequate, delayed/

intermediate or a failure of humoral/cellular 

immunity. 

Within the presented case, the patient's ad-

vanced age and reported history of canine 

distemper are most consistent with old dog 

encephalitis (ODE). Old dog encephalitis is 

rarely reported and therefore its pathogenesis 

remains poorly understood. Nonetheless, 

ODE is believed to develop within immuno-

competent individuals with a subclinical, 

persistent infection. A replication-defective 

virus is suspected to persist within neurons 

of the central nervous system.2 Notably, a 

recent study provided evidence that non-

cytolytic, cell-to-cell viral transmission oc-

curs within astrocytes through a third recep-

tor that is independent of SLAM and nectin-

4.1 

Although ODE appears to be a chronic dis-
ease, clinical presentation may be acute with 

sudden onset of neurologic abnormalities. 
This form of the canine distemper progresses 
over several months until the patient be-

comes comatose and eventually dies. At the 
time of this patient's workup, no effective 
treatment or preventative for ODE had been 

identified. 

 

Contributing Institution:  

University of California, Davis Veterinary 

Medical Teaching Hospital 

https://www.vetmed.ucdavis.edu/hospital 

 

JPC Morphologic Diagnosis:  

Cerebrum: Demyelination, multifocal to coa-

lescing, severe, with gliosis, perivascular 

cuffing, and neuronal and glial intranuclear 

and intracytoplasmic viral inclusions.  

JPC Comment: 

Wrapping up this conference was a stunning 

case of canine morbillivirus with readily 

identifiable viral inclusions. Canine distem-

per virus is a top infectious cause of demye-

linating injury in dogs. This is due to direct 

infection and destruction of glial cells, such 

Figure 4-4. Cerebrum, dog:  There is marked ex-

pansion of Virchow-Robin’s spaces within the 

thalamus by numerous lymphocytes and plasma 

cells.  (HE, 212X)  

Figure 4-5. Cerebrum, dog: Rare thalamic neu-

rons contain large 4-5um eosinophilic intranuclear 

viral inclusions.  (HE, 565X)  

https://www.vetmed.ucdavis.edu/hospital
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as oligodendrocytes (primary myelinating 

cell of the CNS), astrocytes, and micro-

glia.3,5 CDV can also infect neurons, includ-

ing Purkinje’s cells and granular cells.3 The 

cerebellum is consistently affected in cases 

of CDV, with demyelinating lesions in the 

cerebellar white matter. Other common sites 

for similar lesions include the periventricular 

white matter (especially around the 4th ven-

tricle) and the optic pathways.3 Occasional-

ly, the white matter of the spinal cord may 

be involved. The Pesavento Lab also per-

formed IHC on this case and was able to 

readily demonstrate the virus within glial 

cells and neurons in this case.  

In acute and subacute cases of CDV, astro-

cytes and oligodendrocytes are infected in 

the early demyelinating phase. This mani-

fests predominantly as vacuolation and/or 

dilation of myelin sheaths, demyelination, 

and axonal swelling (spheroids), +/- diges-

tion chambers. The distribution is frequently 

multifocal but is usually concentrated in the 

caudal brainstem and cerebellum. The viral 

inclusion bodies of CDV (known as “Lentz 

bodies”) can be seen either in the nucleus or 

cytoplasm of infected cells both within the 

brain and in other tissues.3,5  

“Old dog encephalitis” (ODE) is a contro-

versial condition. The paper that describes 

this condition had eight dogs total in the 

study, with one being experimentally infect-

ed.2 ODE is a disease of neurons and grey 

matter, especially in the cerebral cortex and 

thalamus, which contrasts starkly with the 

caudal brain predilection of acute/subacute 

CDV infection.2 Although viral antigen was 

densely expressed in neurons in the ODE 

paper, the demyelinating component of this 

disease was less pronounced.2 In cases of 

ODE, the cerebellum and caudal brainstem 

are comparatively spared.2 As such, there is 

still room for interpretation on the cause of 

ODE and the correlation, or lack thereof, 

with replication-deficient CDV infection. 

CDV manifests in a variety of other ways 

outside of the CNS due to remarkable ple-

ocellular tropism. These include pustular 

dermatitis and nasodigital hyperkeratosis/

parakeratosis (also known as “hard pad dis-

ease”), enamel hypoplasia/dysplasia, ocular 

manifestations, myocardial necrosis, and 

metaphyseal osteosclerosis. Metaphyseal 

osteosclerosis occurs as CDV infects osteo-

clasts directly, causing a growth retardation 

lattice (also known as a “double line”) with-

in the bony trabeculae due to lack of trabec-

ular resorption during bone 

maturation. Currently, it is unknown which 

tissue sample is the most sensitive for testing 

due to CDV’s incredibly broad cellular tro-

pism.  

Another historical ruleout for spongiosis in 
the white matter of a dog that was mentioned 
by one participant (old enough to remember 

when it was banned by the FDA is hexachlo-
rophene, which also results in a similar 
spongiotic and demyelinating injury).  
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