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CASE I: 
 

Signalment: 
Adult, female, breed unspecified sheep (Ovis 
aries) 

 
History: 
This sheep displayed progressive clinical 
signs of neurological disease over a three day 
period culminating in tetraparesis and lateral 
recumbency, despite treatment with 
antibiotics, vitamin B complex and 
corticosteroids. 

Gross Pathology: 
At necropsy, the cerebrospinal fluid was 
cloudy and contained strands of fibrin. No 

 

 
Figure 1-1. Brain, sheep: Sections from the cervical 
spinal cord, brainstem, and cerebellum are submit-
ted for examination. (HE, 9X) 

other abnormalities were noted. 
 

Laboratory Results: 
A replicate section was examined by immuno-
histochemistry using a rabbit polyclonal anti 
Listeria monocytogenes antibody (#DF2302-
50-0, Fisher Scientific, Houston, TX, USA), at 
a dilution of 1:2000, using the Dako Envision 
system (Dako Ag-ilent Pathology Solutions, 
Carpinteria, CA, USA), via an indirect im-
munoperoxidase procedure. Within the mi-
croabscesses in the brain and cervical spinal 
cord, there were a low to moderate number of 
bacteria that bound to the primary antibody. 

 
Microscopic Description: 
Brain, cerebellum and brainstem: In the brain-
stem gray matter, there are random multifocal, 
mild to moderate, variably discrete, infiltrates 
of hypersegmented and fragmented neutro-
phils, admixed with fewer mononuclear cells, 
consistent with microabscesses. Brainstem 
neurons within and adjacent to the neutrophilic 
infiltrates are pale, with central chromatolysis, 
consistent with neuronal degeneration. There 
are scattered microglial cells, mild gray matter 
spongiosis and infrequent microhemorrhages. 
Scattered blood vessels are lined by plump en-
dothelial cells and have perivascular mild infil-
trates of predominantly lymphocytes, with 
fewer neutrophils (perivascular cuffs). The cer-
ebellar leptomeninges are multifocally, mildly 
infiltrated by predominantly lymphocytes, with 
fewer admixed neutrophils. 
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Figure 1-2. Cervical spinal cord, sheep: While in-
flammatory lesions are present in all sections, they 
are most severe in the cervical spinal cord. (HE, 
30X) 

 
Cervical spinal cord: In the gray matter and 
white matter, there are scattered, variably dis-
crete, random multifocal, mild to moderate, in-
filtrates of neutrophils and mononuclear cells, 
consistent with microabscesses. There is neu-
ronal degeneration, spongiosis, microgliosis, 
and swollen axons. Blood vessels are lined by 
plump endothelial cells and have perivascular 
mild to moderate infiltrates of predominantly 
lymphocytes, with fewer admixed neutrophils 
and infrequent plasma cells. The leptomenin-
ges are multifocally expanded by mild to mod-
erate infiltrates of lymphocytes with infrequent 
admixed neutrophils. 

Contributor’s Morphologic Diagnoses: 

rabbit polyclonal anti Listeria monocytogenes 
antibody (#DF2302-50-0, Fisher Scientific, 
Houston, TX, USA), at a dilution of 1 :2000, 
using the Dako Envision system (Dako Ag-
ilent Pathology Solutions, Carpinteria, CA, 
USA), via an indirect immunoperoxidase pro-
cedure. Within the microabscesses in the brain 
and cervical spinal cord, there were a low to 
moderate number of bacteria that bound to the 
primary antibody. The microscopic findings in 
the central nervous system accounted for the 
clinical signs in this sheep. The microscopic 
findings were typical of listeric encephalitis in 
ruminant species and the diagnosis was con-
firmed by immunohistochemistry. 

 
Listeria monocytogenes is a gram-positive, 
facultative, anaerobic bacillus common in the 
environment. The bacteria can multiply within 
wide temperature and pH ranges. They can 
tolerate conditions of acidity, salinity and low 
moisture. They can survive in soil for many 
months and can be isolated from the feces of 
healthy cattle. Listeria monocytogenes is an 
intracellular pathogen of macrophages, neu-
trophils and epithelial cells. The bacterial sur-
face proteins, Type A and Type B internalins, 
are virulence determinants. These proteins in-
ternalize with E-cadherin, an adherens junc- 
tion transmembrane glycoprotein, to enable 

1. Brain, cerebellum and brainstem: Meningoen- bacteria to cross intestinal, placental and blood 
cephalitis, lymphocytic, multifocal, mild to brain barriers.

 
moderate, with multiple brainstem neutrophilic 
microabscesses. 

2. Cervical spinal cord: Meningomyelitis, lym- In sheep and other ruminants, listeriosis can 
phocytic, multifocal, moderate, with multiple manifest as three different syndromes, with lit- 
neutrophilic microabscesses. 

 
Contributor’s Comment: 
A replicate section was examined by tissue 
Gram stain. There were low numbers of gram-
positive bacilli, some intracellular, within ar-
eas of inflammation. A replicate section was 
examined by immunohistochemistry, using a 

tle or no overlap. They are likely to be separate 
clinical presentations. The three syndromes 
are infection of the pregnant uterus resulting 
in abortion, blood borne infection with septi-
cemia and with disseminated abscesses, and 
an ascending encephalitis. 
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and lymphocytic 
leptomeningitis. 

Gram-positive ba-
cilli can be found 
within the micro- 
abscesses. 

 
 
 
 
 
 
 
 
 
 
 

Figure 1-3. Cervical spinal cord: Within the grey matter (and scattered throughout the 
white matter), there are aggregates of intact and necrotic neutrophils (microabscesses). 
(HE, 691X) 

In listeric encepha-
litis, the likely 
route of infection 
of ingested Listeria 
bacilli is via breaks 
in the oral mucous 
membrane, with 
subsequent inva-
sion of nerve end-
ings of the trigemi- 

Although listeric encephalitis has been associ-
ated with feeding of spoiled silage, environ-
mental and fecal contamination are more com-
mon sources of infection than silage feeding in 
sheep and goats because many small rumi 
nants are never fed silage. The onset of the en-
cephalitic form is usually very rapid. Death 
can ensue 24 to 48 hours after clinical signs 
appear. Clinical signs of listeric encephalitis in 
sheep and goats include lethargy, inappetence, 
loss of coordination, head pressing, circling, 
blindness, salivation, facial paralysis and cul-
minate in recumbency, convulsions and death. 
This syndrome is more common in one to 
three-year-old small ruminants than in older 
animals. 

 
There are few or no gross lesions in listeric en-
cephalitis. Leptomeningeal opacity and 
cloudy cerebrospinal fluid may be the only 
findings seen at necropsy. Typically, micro-
scopic lesions of listeric encephalitis are lim-
ited to the brainstem and cervical spinal cord. 
They include microabscesses, glial nodules, 
perivascular  accumulation  of  lymphocytes 

nal nerve branches. The bacteria travel via ax-
onal flow to the central nervous system to in-
fect neural cells, generally at the level of the 
brainstem and cervical spinal cord, where 
these nerve branches terminate. There may be 
a trigeminal ganglioneuritis. The bacteria mul-
tiply in neuronal cell bodies and then move to 
the inner side of the neuronal cell membrane 
via actin-filament mediated mobility. Aggre-
gates of bacteria use a bacterial surface protein 
(surface protein actA) to move by actin 
polymerization. A pseudopod containing the 
bacteria invaginates randomly into an adjacent 
neural cell, forming a double-membrane 
bound endocytotic vesicle. This vesicle is 
lysed by listeriolysin 0, aided by a phospho-
lipase and lecithinase, to release the bacteria 
into the cytoplasm of the newly invaded neural 
cell, as direct cell-to-cell extension of infec-
tion. Neural cell infection and endothelial 
damage lead to an inflammatory response and 
disruption of the blood-brain barrier with 
chemokine production and recruitment and ac-
tivation of neutrophils. 
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Figure 1-4. Cervical spinal cord: Throughout the section, in rarefied areas, there are microabscesses, peri-
vascular cuffs of lymphocytes, plama cells, transmigrating neutrophils in Virchow-Robin spaces, and focal 
areas of hemorrhage. (HE, 171X) 

 

Listeria monocytogenes is a zoonotic agent. 
Listeriosis in humans is a rare disease with 
high mortality (20-30%). Generally, it is a 
self-limiting foodborne illness. Certain risk 
groups (pregnant women, neonates, adults 65 
years of age and over and individuals with 
compromised immune systems) may develop 
invasive disease one to four weeks following 
an episode of food borne illness. Invasive dis-
ease may include pregnancy complications 
(miscarriage, stillbirth, premature delivery 
due to in utero infection), life-threatening in-
fection of the newborn, septicemia, meningitis 
and meningoencephalitis. Occasionally, it is 
an occupational disease of veterinarians and 
farmers, usually contracted from direct con-
tact with infected livestock or their products of 
conception. To prevent contamination by Lis-
teria monocytogenes in food processing estab-
lishments, cleaning and disinfection of facili-
ties must be emphasized, with attention paid 

to proper maintenance and temperature con-
trol of food refrigeration equipment. 

 
Contributing Institution: 
United States Army Medical Research Insti-
tute of Infectious Diseases 
https://www.usamriid.army.mil 

 
JPC Diagnoses: 
1. Cervical spinal cord: Meningomyelitis, 

suppurative, subacute, multifocal, moder-
ate, with microabscesses. 

2. Brainstem and cerebellar white matter: 
Leukoencephalitis, suppurative, subacute, 
multifocal, mild to moderate, with micro-
abscesses and lymphohistiocytic meningi-
tis. 

 
JPC Comment: 
This week’s conference was moderated by 
MAJ Sarah Sulkosky, a former WSC Coordi-
nator! Listeria monocytogenes has already 

https://www.usamriid.army.mil/
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Figure 1-5. Brain: Within the microabscesses in the 
brain and cervical spinal cord, there were low to 
moderate numbers of bacteria that bound to anti-
Listeria monocytogenes antibody. (Courtesy of 
United States Army Medical Research Insti-tute of 
Infectious  Diseases;  https://www.usamriid.army 
.mil) 

 
been seen this year in a case of sepsis in a non-
human primate (Conference 10, Case 3), but 
the CNS presentation of Listeriosis, particu-
larly in a small ruminant, is worth its own con-
versation. The contributor provided a wonder-
ful write-up on this entity, which contains 
most of what was discussed in conference. 
There was a quick discussion on the minimum 
histologic features of vasculitis, which include 
inflammatory cells (particularly neutrophils) 
AND cellular debris in the vessel wall, and ex-
trusion of protein (which often polymerizes 
into fibrin) within the vessel wall. 

 

Figure 1-6. Cervical spinal cord: There are scattered 
aggregates of lymphocytes, plasma cells and fewer 
macrophages within the meninges and extending 
down along Virchow-Robin spaces. (HE, 189X) 

Listeria monocytogenes was first described in 
1926 by Murray as Bacterium monocytogenes 
after isolating it from the livers of diseased 
rabbits and guinea pigs.1 A year later in 1927, 
Pirie isolated a similar organism from gerbils 
and proposed the genus name Listerella in 
1930 to honor British surgeon and antiseptic 
technique frontman, Dr. Joseph Lister.1 Dr. 
Lister discovered that sterilizing surgical in-
struments prior to use resulted in fewer post-
operative infections. He is also the inspiration 
behind the name for one of our most popular 
antiseptic brands, “Listerine.” "Listerella", 
however, was a name previously used for a 
slime mold, so Pirie changed the name to Lis-
teria in 1940.1 

 
In cases of listeric encephalitis, Listeria mon-
ocytogenes is most classically associated with 
a rhombencephalitis, which is inflammation of 
the brainstem and cerebellum. These areas are 
most often affected due to the retrograde ax-
onal transport Listeria makes along the tri-
geminal nerve. The sensory root for the trgi-
menal nerve emerges from the ventrolateral 
aspect of the pons, specifically the middle cer-
ebellar peduncle, which connects the pons to 
the cerebellum.3 

 
References: 
1. Etymologia: Listeria. Emerg Infect Dis. 

2016;22(4):633. 
2. Maxie MG, Youssef S. Nervous System. 

In: Maxie MG, ed. Jubb, Kennedy and 
Palmer's Pathology of Domestic Animals. 
Vol I. 5th ed. Elsevier; 2007:405-408. 

3. Ogino MH, Tadi P. Neuroanatomy, Tri-
geminal Reflexes. In: StatPearls [Internet]. 
Treasure Island (FL): StatPearls Publish-
ing; 2025. 

4. Zachary J. Mechanisms of Microbial In-
fections. In: Zachary J, McGavin MD, ed. 

https://www.usamriid.army/
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Pathologic Basis of Veterinary Disease. 
5th ed. Elsevier, 2012:192-195. 

5. Zachary J. Nervous System. In: Zachary J, 
McGavin MD, ed. Pathologic Basis of 
Veterinary Disease. 5th ed. Elsevier, 
2012:845-846. 

6. https://www.fda.gov/.../get-facts-about-
listeria 

7. https://www.cdc.gov/listeria/index.html. 
8. https://www.canr.msu.edu/news/listerio-

sis-in-sheep-and-goats. 
 

CASE II: 
 

Signalment: 
7-week-old, intact male, mixed breed dog 
(Canis lupus familiaris) 

 
History: 
This puppy came from a litter of 14 born to a 
rescued, unvaccinated dam. Half of the litter 
failed to thrive and was reportedly unable to 
latch; affected puppies were subsequently tube 
fed. There was concern for aspiration pneumo-
nia and antibiotic treatment was initiated. The 
puppies had been dewormed and received the 
first of a vaccine series. This puppy was 
acutely anorexic, and was bottle fed prior to 
death. 

 
Gross Pathology: 
The liver was diffusely mottled yellow to red 
and had tens of pinpoint, flat, red discoloration 

 

 
Figure 2-1. Cerebrum, dog: Multiple sections of cer-
ebrum are submitted for examination. At subgross 
magnification, multiple hemorrhagic foci may be 
seen in the section at left. (HE, 9X) 

randomly scattered across the capsular sur-
face. The lungs were diffusely mottled tan to 
pink, slightly rubbery, and exuded a moderate 
amount of clear to yellow, watery to slightly 
viscous fluid on cut section. On cut surface of 
the brain, primarily within the thalamus, was 
a fairly well demarcated region of red to 
brown discoloration and there were pinpoint 
regions of red-brown discoloration throughout 
the adjacent parenchyma. 

 
Laboratory Results: 

- Canine adenovirus-2 PCR: Positive 
- Aerobic culture, lung: No growth 
- Aerobic culture, liver: No growth 
- Canine herpesvirus PCR: Negative 

Microscopic Description: 
Throughout the cerebral gray matter, small 
caliber vessel walls were frequently obscured 
by mild to moderate amounts of eosinophilic, 
fibrillar, proteinaceous material and hemor-
rhage. Endothelial cells frequently contained 
large, eosinophilic, intranuclear inclusions 
which peripheralize chromatin. Affected ves-
sels were frequently cuffed by moderate num-
bers of macrophages and lymphocytes, and 
there were frequent, small areas of hemor-
rhage spilling into the adjacent tissue. The me-
ninges overlying the cerebellum were moder-
ately expanded by lymphocytes and macro-
phages, and endothelial cells frequently con-
tained intranuclear inclusions similar to those 
found in the cerebral vessels. 

 

Figure 2-2. Cerebrum, dog: Higher magnification of 
the numerous foci of hemorrhage within the cere-
brum (HE, 102X) 

https://www.fda.gov/.../get-facts-about-listeria
https://www.fda.gov/.../get-facts-about-listeria
https://www.fda.gov/.../get-facts-about-listeria
https://www.cdc.gov/listeria/index.html
https://www.canr.msu.edu/news/listeriosis-in-sheep-and-goats
https://www.canr.msu.edu/news/listeriosis-in-sheep-and-goats
https://www.canr.msu.edu/news/listeriosis-in-sheep-and-goats
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Figure 2-3. Cerebrum, dog: High magnification of an affected vessel with perivascular 
hemorrhage. (HE, 990X) 

Although unusual, 
systemic infection 
with canine adeno-
virus-2 has previ-
ously been re-
ported.1 In one re-
port, neurologic 
signs were noted 
in 3 of 4 puppies 
out of a litter of 9 
who were diag-
nosed with CAV-2 
systemic infection. 
Two of these pup-
pies displayed 
concurrent,  mild 

Contributor’s Morphologic Diagnoses: 
Severe, multifocal, acute, histiocytic vascu-
litis and meningitis with cerebral hemorrhage 
and intranuclear viral inclusions. 

 
Contributor’s Comment: 
Adenoviruses are linear, double-stranded 
DNA, icosahedral viruses which are subdi-
vided into four genera – Mastadenovirus, Avi-
adenovirus, Atadenovirus, and Siadenovirus. 
Mammalian adenoviruses generally belong to 
the Mastadenovirus genus and are categorized 
based on neutralization assays. This viral fam-
ily replicates within nuclei, leading to the for-
mation of characteristic intranuclear inclu-
sions seen in a variety of cell types depending 
on the species and site of infection. Canine ad-
enovirus-1 infection, colloquially known as 
infectious canine hepatitis, most often infects 
hepatocytes leading to acute hepatitis, but can 
infect the endothelium, causing disseminated 
intravascular coagulation and hemorrhage. In-
fection with canine adenovirus-2 is typically 
localized to the respiratory system, causing 
mild, non-specific signs of acute respiratory 
disease which eventually resolve.8 

respiratory signs. Interestingly, as in the sub-
mitted case, these puppies were born to an un-
vaccinated dam. In contrast to the submitted 
case, despite the clinical presence of neuro-
logic abnormalities prior to death, nervous 
system lesions were not present histologically, 
although virus was detected via PCR in the 
brain in one affected animal.1 

 
While reports of CAV2-induced vasculitis are 
sparse, other species of adenovirus-associated 
vasculitis are more common. Perhaps the most 
similar syndrome of adenovirus-associated 
vasculitis is seen in adenovirus hemorrhagic 
disease of cervids. Clinically, this disease pre-
sents similarly to epizootic hemorrhagic dis-
ease, with histologic lesions including sys-
temic vasculitis and petechiae, along with in-
tranuclear inclusions which separate this dis-
ease from epizootic hemorrhagic disease. Af-
fected animals have numerous intranuclear in-
clusion bodies found in the endothelial cells of 
a variety of organs, including the brain, which 
are occasionally associated with fibrin 
thrombi or fibrinoid necrosis, vasculitis, 
and/or perivascular cuffs.2,9 In affected ani-
mals, lesions are most frequent in the lungs 
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Figure 2-4. Cerebrum, dog: High magnification of endothelial cells which are swollen by karyomegalic intra-
nuclear viral inclusions consistent with adenoviral inclusions. (HE, 2500X) 

and brain, although hepatic lesions may also 
be seen, as in this case.9 

 
Human adenovirus of an undetermined sero-
type has been reported as a cause of acute ret-
inal necrosis due to occlusive vasculitis.7 One 
study examining the presence of vasculitis as-
sociated with severe respiratory infections 
found uncommon reports of thrombosis or 
vasculitis associated with human respiratory 
adenovirus infections.5 Following a variety of 
immunosuppressive therapies and stem cell 
transplant, adenovirus-associated vasculitis 
with microscopic regions of cortical necrosis 
and hemorrhage were seen in a human multi-
ple myeloma patient. In this case, abundant vi-
ral inclusions were found in the endothelial 
cells, but not epithelial cells within the exam-
ined organs.4 

 
In the current case, CAV-2 was detected via 
PCR and immunohistochemistry within the 

histologically observed cerebral and menin-
geal lesions associated with vasculitis. Previ-
ously reported cases of disseminated CAV-2 
infection with vasculitis have been proposed 
to be associated with other infectious agents or 
diseases causing immunosuppression. There 
was not evidence of an underlying cause for 
immunosuppression in the current case, and 
there was no evidence of concurrent systemic 
disease. Thus, the vascular lesions associated 
with CAV-2 appear to be the primary cause of 
disease in this puppy. As in the above dis-
cussed previously reported case of CAV-2 in-
fections associated with neurologic signs in a 
litter of puppies, it appears likely that the lack 
of maternal vaccination may have contributed 
to disease in this case.1 

 
Contributing Institution: 
National Institute of Health Comparative Bio-
medical Scientist Training Program 
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JPC Diagnosis: 
Cerebrum: Vasculitis, neutrophilic and lym-
phocytic, subacute, multifocal to coalescing, 
marked, with fibrin thrombi, lymphohistio-
cytic meningitis, and endothelial intranuclear 
viral inclusions. 

 
JPC Comment: 
This case stimulated great discussion during 
conference and the WSC team would like to 
thank this contributor for sending in such an 
interesting submission and a fantastic write-
ip! MAJ Sulkosky stated that, although the 
causative agent was diagnosed as CAV-2 by 
the contributor, this case should be considered 
classic for a CAV-1 infection in a puppy. 
CAV-1 has been seen a couple of times re-
cently in the WSC in 2022, Conference 22, 
Case 3, and in 2019, Conference 16, Case 1. 

 
Conference participants speculated as to why 
CAV-2 was isolated in this case, as there was 
no mention of testing for CAV-1 in the con-
tributor’s writeup, and wondered if there had 
potentially been cross-reactivity on the test. 
The papers that describe CAV-2 encephalitic 
disease in dogs lack supporting evidence to 
demonstrate that the lesions were caused ex-
clusively by CAV-2, so attendees remained 
unconvinced.1,3 Most wondered if this case 
was instead a CAV-1 encephalitis and the 
CAV-2 positivity was either a false positive, 

was showing as positive due to the recent his-
tory of a distemper combo vaccine in this 
puppy, or was due to a co-infection with CAV-
1 that was just not tested for. It is still unclear 
if CAV-2 can truly cause vasculitis in the 
brains of puppies. CAV-2 is considered pri-
marily a mild respiratory pathogen, and there 
are very rare reports of other organs affected. 

 
There is one paper that describes 2 cases of fa-
tal encephalitic CAV-1 infection in puppies, 
but the sequence of the pVII gene in that 
CAV-1 was more closely related to that seen 
in CAV-2, suggesting a possible recombinant 
strain.10 The pVII gene in canine adenoviruses 
encodes an arginine-rich core protein (pre-
VII) which is cleaved to form pVII. The pVII 
protein is responsible for condensing the viral 
DNA within the capsid, acting like a histone 
protein.6 pVII plays a critical role in the virus's 
structure and, due to its nuclear localization, 
serves as a target for labeling in research stud-
ies.6 

 
Wrapping up this spirited case discussion was 
a review of the viruses that form paracrystal-
line arrays that can be seen with electron mi-
croscopy. This list of viruses can be remem-
bered using the acronym “PPPICCA,” which 
stands for paramyxovirus, picornavirus, poly-
omavirus, iridovirus, circovirus, calicivirus, 
and adenovirus. 

References: 
1. Benetka V, Weissenböck H, Kudielka I, 
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3. Chander V, et al. Isolation and genetic 
characterization of canine adenovirus type 

 
 
 
 
 
 
 
 

 
Figure 2-5. Cerebrum, dog: There is mild lympho-
plasmacytic meningitis with edema. Vascular 
changes are present, but far less severe than in the 
underlying neuropil. (HE, 246X) 
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CASE III: 
 

Signalment: 
1- year-old, intact female, pit bull dog (Canis 
familiaris) 

History: 
History of weight loss despite appetite and di-
arrhea. Animal became neurologic and blind 
for approximately one week until developing 
seizures. No reported bloodwork abnormali-
ties (complete blood count, blood serum 
chemistry, and bile acids). Dog was eu-
thanized and submitted for necropsy. 

Gross Pathology: 
The animal was emaciated with generalized 
muscle atrophy and scant visceral adipose. 
The pancreas was reduced to small, thin, red-
grey lobules. In the small intestine, there was 
mild ancylostomiasis with segmental intralu-
minal hemorrhage. The feces in the distal co-
lon were pale green and soft. The lateral ven-
tricles of the brain were mildly dilated. 

 
Laboratory Results: 

- Toxoplasma gondii PCR: positive (CT 
brain: 25.4, heart: 21.4) 

 

Figure 3-1. Cerebrum, dog: A section of cerebrum is 
submitted for examination. At subgross magnifica-
tion, there is mild dilation of the lateral ventricle, 
and hypercellularity of the periventricular white 
matter is visible. (HE, 9X) 
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Figure 3-2. Cerebrum, dog: While there is inflammation throughout all layers of the cerebrum, to including 
both gray and white matter, inflammation is most prominent in the edematous periventricular white matter. 
This area is infiltrated by large numbers of of lymphocytes, macrophages, and fewer neutrophils and plasma 
cells. Cuffs of numerous lymphocytes and plasma cells, and fewer macrophages are present around blood ves-
sels. (HE, 194X) 

 

- Neospora caninum PCR: not detected 
- Fecal testing: Ancylostoma spp. ova 

detected 
 

Microscopic Description: 
Brain: The meninges are moderately expanded 
by macrophages, plasma cells, and lympho-
cytes that surround and partially obscure reac-
tive meningeal vessels. Inflammatory cells ex-
tend around vessels into the subtending paren-
chyma, filling and expanding Virchow Robin 
spaces up to 12-15 cell layers thick. There are 
focal areas of infiltration of macrophages, 
lymphocytes, and plasma cells into the sur-
rounding parenchyma with associated vacuo-
lation and necrosis of the parenchyma, neu-
ronal satellitosis and necrosis, infiltration of 
gitter cells, gliosis, and astrocytosis. Isolated 
within the parenchyma and associated with ar-
eas of inflammation and necrosis are numer- 

ous 12 to 45-µm diameter protozoal cysts con-
taining closely packed clusters of 1 to 2-µm 
wide, crescent-shaped bradyzoites. At the 
level of the corpus striatum, there is vacuola-
tion of white matter tracts with occasional 
spheroids, digestion chambers, and numerous 
protozoa. Vessels adjacent to the lateral ven-
tricle are obscured by macrophages, lympho-
cytes, plasma cells, and neutrophils with indis-
tinct, hypereosinophilic vascular walls (necro-
sis) and perivascular exudation of fibrin and 
edema. The ependyma spanning the lateral 
ventricle is segmentally discontinuous with 
disruption by inflammatory cells and necrotic 
material that extend into the ventricular lu-
men. 

 
Contributor’s Morphologic Diagnoses: 
Brain: Meningoencephalitis and ventriculitis, 
necrotizing and histiocytic to lympho-
plasmacytic, subacute, multifocal, moderate, 
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Figure 3-3. Cerebrum, dog: Within the area of rarefaction and inflammation within the internal capsule, there 
is infiltration of large number of lymphocytes, macrophages, and fewer plasma cells and numerous dilated 
axon sheaths and spheroids. (HE, 582X) 

 

with protozoal cysts and zoites, vasculitis and 
vascular necrosis. 

Contributor’s Comment: 
Toxoplasmosis is caused by the apicomplexan 
protozoan Toxoplasma gondii.4 It can infect a 
variety of hosts including mammals and birds 
and causes a wide spectrum of disease.3,4 Tox-
oplasmosis is an important zoonotic pathogen 
and cause of abortion in primates, prosimians, 
and ruminants.6,7 

 
Infected felines may serve as definitive or in-
termediate hosts, while all other non-felids act 
as intermediate hosts.3,4,7 In felines, enteroep-
ithelial replication culminates in the release of 
unsporulated oocysts in the feces, which spor-
ulate in the environment and become a source 
of infection for both definitive and intermedi-
ate hosts.4,7 Oocysts are only produced in the 
definitive felid host.3,4 Infection of intermedi-
ate hosts follows an extraintestinal replication 

cycle with rapid division of tachyzoites spread 
widely throughout multiple tissues.6 A third 
infective form involves the deposition of la-
tent tissue cysts in tissues containing slowly 
replicating bradyzoites.3,4 Infection occurs 
following ingestion of sporulated oocysts shed 
from definitive host in the environment or via 
consumption of zoites or tissue cysts from in-
fected prey. Alternatively, infection can occur 
transplacentally.3 

 
Manifestation of clinical disease may vary 
given the wide distribution of protozoa within 
tissues. Systemic disease is classically charac-
terized by interstitial pneumonia, hepatic ne-
crosis, lymphadenitis, myocarditis, and me-
ningoencephalitis.7 Other lesions may include 
uveitis, adrenalitis, nephritis, myositis, and 
placental necrosis/placentitis.3 
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Figure 3-4. Cerebrum, dog: In areas of inflammation (including the internal capsule, pictured here), there are 
scattered 15-20um apicomplexan cysts containing numerous tachyzoites. (HE, 582X) 

 

Central nervous system disease is more com-
mon in young or immunosuppressed individu-
als and is difficult to differentiate histologi-
cally from Neospora caninum, Sarcocystis 
spp., or Encephalitozoon cuniculi, thus requir-
ing additional testing modalities (immuno-
histochemistry, PCR, and/or special histo-
chemical staining) to differentiate.4 However, 
observing necrosis in multiple organ systems 
associated with the presence of protozoal in-
fective stages is most suggestive of toxoplas-
mosis.7 

 
In dogs, toxoplasmosis is rarely a primary dis-
ease and often seen in conjunction with immu-
nosuppression or comorbidities.2 Immunosup-
pression was suspected in this dog. Although 
clinical data (i.e. serum trypsin-line im-
munereactivity) supportive of exocrine pan-
creatic insufficiency (EPI) was not available, 
the reported clinical signs of diarrhea and 

weight loss despite sufficient appetite are sug-
gestive of EPI. This is further supported by 
postmortem lesions of pancreatic atrophy, 
pale stools, and emaciation. It is possible that 
EPI resulted in immunosuppression from 
chronic malnutrition, nutrient deficiency, and 
possible cobalamin deficiency from small in-
testinal bacterial overgrowth (SIBO). These 
factors may have predisposed this dog to the 
development of systemic toxoplasmosis. 

 
Contributing Institution: 
University of Georgia College of Veterinary 
Medicine, Department of Pathology, Tifton 
Veterinary Diagnostic and Investigational La-
boratory, Tifton, Georgia, USA, 
www.vet.uga.edu/dlab 

 
JPC Diagnoses: 
Cerebrum: Meningoencephalitis, necrotizing 
and lymphohistiocytic, subacute, multifocal to 

http://www.vet.uga.edu/dlab
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Figure 3-5. Cerebrum, dog: In areas of inflammation, there are scattered 15-20um apicomplexan cysts contain-
ing numerous zoites. (HE, 691X) 

 

coalescing, marked, with vasculitis and 
apicomplexan cysts. 

 
JPC Comment: 
A classic and oft-seen entity in the WSC, Tox-
oplasma gondii makes another appearance 
this year in a fantastic canine case. Organisms 
were readily apparent within the neuropil of 
the periventricular grey matter on the H&E 
slide, prompting an excellent discussion of T. 
gondii and the zoonotic risk these infections 
pose. The contributor provided an excellent 
comment in this case and, once again, many of 
their points were mentioned in conference dis-
cussion. 

Toxoplasma gondii is an obligate intracellular 
apicomplexan protozoal parasite that was 
named in 1908 by researchers Nicolle and 
Manceaux.1 They the names comes from the 
Greek word “toxon” (meaning “bow” or 
“arc”), referring to the crescentic shape of the 
tachyzoite stage, and “gondii”, chosen in 

honor of the North African gundi (Ctenodac-
tylus gundi). This rodent is the host animal in 
which the parasite was first identified.1 Since 
its initial discovery in the gundi, T. gondii has 
been identified in numerous mammalian spe-
cies and in a wide range of tissue types. 

The pathogenesis of T. gondii starts with pen-
etration of the intestinal mucosa by a tachyzo-
ite, sporozoite, or bradyzoite either from in-
gestion of an infected host, from transplacen-
tal transmission, or by consumption of oocysts 
from the environment. The zoites can then ei-
ther be trafficked in leukocytes to other tissues 
(i.e., lymph nodes and liver) or remain free in 
the bloodstream. The tachyzoites replicate 
within host cells until the cell lyses, at which 
point the tachyzoites are free to infect other 
cells and cause additional tissue damage. Cell-
mediated immunity eventually can control, 
but not eliminate, the infection, and the para-
sites form dormant tissue cysts filled with 
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bradyzoites within the heart, skeletal muscle, 
and brain in the chronic stages of infection. 

 
Systemic toxoplasmosis is seen predomi-
nantly in neonates that were infected trans-
placentally or in immunocompromised ani-
mals that have low levels of interferon gamma 
and an inability to activate macrophages. In 
systemic “toxo”, the hallmarks of infection in-
clude necrosis and the presence of zoites. 
These most often manifest as either interstitial 
pneumonia (most common), meningoenceph-
alitis (with necrosis, malacia, vasculitis, and 
vascular necrosis), focal hepatic necrosis, 
lymphadenitis, and/or myocarditis. 

 
In cases of meningoencephalitis, the parasites 
can enter the brain by breaching the blood–
brain barrier (BBB) using three possible 
mechanisms: 1) infection of monocytes that 
then traverse the endothelium, 2) direct pene-
tration and migration across the BBB, or 3) in-
fection of and growth within endothelial cells 
and eventual exit into the neuropil.5 Once in-
side the brain, T. gondii can infect multiple 
cell types, including astrocytes, microglia, and 
neurons, and form tissue cysts.5 

The contributor mentioned that this dog also 
had histologic and gross evidence of pancre-
atic atrophy and atrophic lymphocytic pancre-
atitis. In dogs, juvenile pancreatic atrophy is 
an immune-mediated condition characterized 
by infiltration of T-cells (predominantly 
CD8+) into the pancreas.2 Around 6-12mo of 
age, affected dogs start to demonstrate clinical 
signs of exocrine pancreatic insufficiency. 
Histologically, pancreatic ducts and connec-
tive tissue structures predominate in the later 
stages of this condition with fatty replacement 
and minimal exocrine tissue, little inflamma-
tion, and fibrosis.2 Participants speculated on 
and agree with the contributor that the exo-
crine pancreatic insufficiency suspected in this 
dog may have led to immunocompromise and 
subsequent systemic toxoplasmosis infection. 
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CASE IV: 
 

Signalment: 
4-month-old, female, Angus cow (Bos taurus) 

 
History: 
Calf presented with history of ongoing gener-
alised ataxia, wide-based stance, incoordina-
tion and intermittent head tremor. The calf 
was otherwise in good body condition. One 
other calf was similarly affected and there 
were 74 other unaffected calves in the herd. 

 
Gross Pathology: 
There was subjectively increased amount of 
CSF present upon removing the brain. A uni-
lateral, focal, kidney cyst was also present.  
 
Laboratory Results: 

 
 

      Microscopic Description: 
Cerebellum: Multifocally, numerous Purkinje 
cells at the junction between the molecular and 
granule cell layer, as well as occasional neurons 
within the granular cell layer and cerebellar deep 
nuclei are moderately swollen, have pale 
granular eosinophilic to clear, finely vacuolated 
or foamy cytoplasm that often dis-places the 
nuclei towards the periphery. Neurons are 
multifocally lost within the Purkinje (empty 
baskets) and granular layers. Through-out the 
white matter tracts, there are numerous variably 
sized (up to 60μm in diameter) hy-
pereosinophilic axonal swellings (spheroids) as 
well as less frequent dilation of peri-axonal 
spaces containing fragmented myelin debris 
(ellipsoids) and foamy macrophages (digestion 
chambers). Multifocally, few axonal swellings 
are also present within the granule cell layer 
(torpedoes).  
 
Contributor’s Morphologic Diagnoses: 
Cerebellum: Neuronal vacuolation and loss, 
diffuse, severe with occasional neuronal 
intracellular granular eosinophilic material ac-
cumulation, torpedoes, spheroids and diges-
tion chambers (Wallerian degeneration). 
 

 
Figure 4-1. Cerebellum, calf: One section of cerebellum is 
submitted for examination. The cerebellar folia appears 
thinned. (HE, 9X) 

 

Test Result 
Blood lead Negative 
Chlamydia 
CFT 

Negative 

Pestivirus 
antigen 
capture 
ELISA 

Negative 

CBC & 
Biochemistry 

Mild Elevation GLDH – 15.09 (6.14-
13.34 U/L) 
Moderate Elevation CK – 2401 (43-580 
U/L) 
Mild Elevation AST – 133 (58-125 U/L) 
Mild elevation Leukocytes – 13.46 (4.8-
13.0 U/L) 
Otherwise unremarkable  

CSF Analysis Colour: Opaque white  
Transparency: cloudy 
Flocculation: none  
Microprotein: 0.515 g/L 
Total nucleated cell count (TNCC): 0.725 
x 109/L 
Red cell count: 0.005 x 1012/L 
Neutrophils: 22% 
Small mononuclear cells: 45% 
Large mononuclear cells: 33% 
 
Interpretation: Pleocytosis with elevated 
protein 

Neimann-Pick 
Type C 
genotyping 
PCR 

Non-carrier 

Alpha-
mannosidosis 
genotyping 
PCR 

Affected  
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Contributor’s Comment: 

Alpha-mannosidosis is a type of inherited ly-
sosomal storage disease predominantly seen 
in cattle.3 The condition is best characterized 
in Angus and Murray Grey cattle.3 It has also 
been reported in Galloway cattle as well as 
Persian, domestic longhair, and shorthair 
cats.2,7,12,15 The condition is rare in humans. 
 
This storage disease was first described in An-
gus calves in Australia in 1957 and later ex-
tensively studied in New Zealand, becoming 
one of the earliest major investigations into ly-
sosomal storage diseases in animals.18,24 Due 
to high economic impact, characterization of 
the disease and detection of both affected and 
carrier animals became a priority within the 
livestock industry. Clinically, affected ani-
mals develop ill-thrift, ataxia, incoordination, 
head and intention tremors, often display a 
wide-based stance and can be abnormally 
aggressive.16,24 These signs can be seen as 
young as 4 weeks of age, with some animals 
able to survive up to 18 months of age.3,24 

 

Individuals affected with alpha-mannosidosis are 
deficient in lysosomal alpha-mannosidase activity, 
leading to accumulation and storage of mannose 
within vacuoles of affected cells.3 Under light 
microscopy, these vacuoles are empty and expand 
the cytoplasm.16 The condition affects all cells 
within the body except hepatocytes, though is 
generally most notice-able microscopically within 
the nervous system.3 In this case, neuronal 
vacuolation was most prominent within the thalamus 
and in Purkinje cells of the cerebellum. Few renal 
tubular epithelial cells were also affected. In 
addition to neuronal vacuolation, dysfunction and 
death of neurons has led to other secondary changes 
such as Wallerian degeneration with prominent 
spheroid formation, as well as torpedoes. 

Histologically, alpha-mannosidosis is typically 
indistinguishable from other forms of storage 
disease, however differentials can generally be   

Figure 4-2. Cerebellum, calf: There is segmental loss of Purkinje cells with formation of “empty baskets.” 
Remnant Purkinje cells are swollen due to the accumulation of numerous clear vacuoles within their 
cytoplasm. (HE, 381X) 
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narrowed down based on the breed 
affected. In this case, Neimann Pick Type 
C was also considered as a differential, 
given this lysosomal storage disease also 
affects Angus cattle.25 However, this 
condition has only been reported in one 
herd in Australia between 2002 and 
2005.25 Other inherited storage diseases 
identified in cattle is summarized below 
(Table 1). While this case was confirmed 
to be inherited, acquired mannosidosis is 
also possible in herbivorous species, 
particularly livestock. Ingestion of plants 
containing the indolizidine alkaloid 
swainsonine can lead to inhibition of 
alpha-mannosidase, resulting in similar 
effects to the inherited con-dition.5,6 
Common swainsonine containing plants 
include Swainsonia spp. (Darling Pea and 
Swainson pea) mostly seen in Australia, 
as well as Oxytropis spp. and Astragalus 
spp. (locoweeds) found in areas of Africa, 
China and North America.9,14 

  
 
 

Table 1:  Inherited storage diseases reported in 
cattle. 4,8,12,1313,20,21,22,23,24,27 

Disorder Breed/s affected 

Alpha-mannosidosis Angus, Galloway, Murray 
Grey 

Beta-mannosidosis Salers 

GM, gangliosidosis Holstein-Friesian 

Glycogen storage disease 
type II (Pompe's disease) 

Brahman, Droughtmaster, 
Shorthorn, Blanco 
Orejinegro 

Sphingomyelinosis 
(Neimann Pick type C) 

Angus 

Neuronal ceroid 
lipofuscinosis* 

Beefmaster, Devon, 
Holstein 

*This condition is generally histologically dis-
tinct from other storage diseases, as the accu-
mulation of storage material within neurons is 
pigmented (yellow-brown). 

 
Contributing Institution: 
Elizabeth Macarthur Agricultural Institute 
(EMAi), NSW, DPIRD 
https://www.dpi.nsw.gov.au/about-us/scien 
ce-and-research_old/centres/emai 

Figure 4-3. Cerebellum, calf: There is diffuse and mild loss of neurons within the granular layer and several 
neurons are also swollen due to cytoplasmic vacuolation. (HE, 580X) 

https://www.dpi.nsw.gov.au/about-us/scien
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JPC Diagnoses: 
Cerebellum: Neuronal vacuolation and loss, 
chronic, diffuse, severe, with axonal swelling. 

 
JPC Comment: 
This case provided a wonderful example of a 
lysosomal storage disease (LSD) in a bovine. 
Cattle are the poster children for many 
different LSDs amongst our domestic 
species, as mentioned by the contributor in 
their excellent comment. Other species with 
known genetic predispositions for certain 
LSDs include: Nu-bian goats and German 
shepherd dogs ( beta-mannosidosis), English 
Springer spaniel dogs (alpha-L-fucosidosis), 
and Persian cats (alpha-mannosidosis). 
Participants also learned a fun new term to 
describe the proliferation of microglia around 
Purkinje cells: “microglial shrubbery.” 

 

Cattle affected with alpha-mannosidosis 
typically are slow to grow, develop 
progressive ataxia, exhibit behavioral 

changes, and do not live longer than 18-mo.3 
Most of their cells are affected by this condition 
except for hepatocytes. However, there is a case 
report in Galloway calves that reported 
consistent, severe hepatocyte vacuolation in 
calves diagnosed with alpha-mannosidosis, so it 
is possible that a spectrum of severity exists.11 In 
other species affected by alpha-mannosidosis, 
including cats, humans, and certain strains of 
mice, there is hepatocyte involvement. 
However, in bovine alpha-mannosidosis, the 
oligosaccharides that accumulate are similar to 
those seen in a partial deficiency of normal 
lysosomal alpha-mannosidase, meaning that 
they correspond to intermediates in the catabolic 
pathway.10 This suggests that there might be 
some residual activity of alpha-mannosidase in 
affected cattle. In comparison, the 
oligosaccharides that accumulate in cats, who 
are usually more severely affected by alpha-
mannosidosis than cattle, are representative of 
intact moieties rather than intermediates, 
indicating that there is no residual activity.10 

Figure 4-4. Cerebellum: There are numerous spheroids and torpedoes within the depleted granular cell layer. 
(HE, 590X) 
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This may explain why the liver is generally 
less affected in cattle compared to other 
species. 

 
Top differentials in this case discussed during 
conference included other LSDs, swainsonine 
toxicosis, and perennial ryegrass toxicosis 
(“ryegrass staggers”). Of these, perennial 
ryegrass is the only one not discussed by the 
contributor in their comment. “Ryegrass stag-
gers” is caused by ingestion of ryegrass con-
taining the endophytic fungus Epichloë 
festucae var. lolii (formerly known as Neo-
typhodium lolii). This fungus, while it has 
been demonstrated to work symbiotically with 
the ryegrass to increase its hardiness and sur-
vivability, produces four indolic lolitrems that 
are tremorigenic neurotoxins. The most com-
mon of these neurotoxins is lolitrem B. These 
toxins bind and inhibit calcium-activated po- 
tassium channels that are responsible for stop-
age of action potentials in depolarizing neu-
rons.3 Inhibition of these channels leads to 
prolonged cellular depolarization and sus-
tained impulse transmission at the motor end-
plate, causing sustained tremors and spasms in 
affected animals. Histologically, there are lim-
ited findings, but these can be similar to some 
of the lesions seen in an LSD. These include 
proximal axonal swelling (“torpedo for-
mation”) in the granular and Purkinje cell lay-
ers of the cerebellum and vacuolar degenera-
tion and loss of Purkinje cells.3 However, 
there will not be accumulation of material 
within cytoplasmic vacuoles, as seen with 
LSDs. 

 
The JPC’s morphologic diagnosis for this case 
made use of the term “axonal swelling” to en-
compass the torpedoes, spheroids, and diges-
tion chambers seen histologically, as all three 
of these are variations of axonal swelling at 
different portions of the neuron. Torpedoes are 
proximal swellings seen within the Purkinje 

and granular cell layers of the cerebellum; 
spheroids are swellings at the distal portions of 
the axons. Digestion chambers are the result of 
these swellings, where the axons are undergoing 
Wallerian degeneration and are fragmenting. The 
JPC acknowledged that it is not wrong to list 
these things out individually. Participants simply 
chose to group them for the sake of brevity. 
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