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CASE I:

Signalment:
10-week-old, female intact, mixed breed, Ca-
nis lupus familiaris, canine.

History:

The submitted dog was from a litter of puppies
that was found living underneath a shed in
Texas. A rescue organization acquired the
puppies, and the dog was later adopted by a
family in Colorado. The dog was apparently
healthy up until 10 weeks of age when she
suddenly developed a bloated appearance and
began vomiting. The animal's condition wors-
ened overnight, becoming lethargic and not
acting herself. The next morning, the dog went
outside and tried to vomit but subsequently
collapsed and died.

Gross Pathology:

A 7.55 kg, intact female, mixed breed puppy
was submitted for necropsy, one day post-
mortem, and in good condition. The lungs
and heart were grossly unremarkable. The
peritoneal cavity contained approximately
400 ml of serosanguinous fluid. All liver
lobes had numerous, multifocal to coalescing,
pinpoint, flat, tan foci that extended into the
hepatic parenchyma on cut section. The
stomach contained a black plastic clothing
hook and yellow to green mucoid material.
The small intestines contained yellow to tan
liquid material and the large intestines had no
intraluminal contents.

Laboratory Results:
N/A

Microscopic Description:

Expanding and infiltrating all layers of the
heart, with the greatest severity in the myocar-
dium, are large numbers of plasma cells, lym-
phocytes, and macrophages. Cardiomyocytes
in areas of inflammation are multifocally hy-
pereosinophilic, shrunken, and have striation
loss with fragmented to absent nuclei (necro-
sis). There is mild, multifocal, interstitial fi-
brosis often associated with cardiomyocyte
degeneration and inflammation. Throughout
the myocardium, there are occasional cardio-
myocytes that contain intrasarcoplasmic, vari-
ably sized (up to 100 pum in length) pseudo-
cysts with numerous, 2-3 um, round protozoal
amastigotes.

Figure 1-1: Heart, dog. A section of heart is sub-
mitted for examination. Numerous hypercellular
foci within the myocardium are visible at sub-
gross magnification. (HE, 10X)



Contributor’s Morphologic Diagnoses:
Heart: Severe, multifocal, chronic-active,
lymphoplasmacytic and histiocytic pancardi-
tis with intrasarcoplasmic pseudocysts con-
taining amastigotes

Contributor’s Comment:

The histologic findings within the heart are
most consistent with the protozoal organism,
Trypanosoma cruzi, also known as Chagas
disease or American trypanosomiasis. 7rypa-
nosoma cruzi is a flagellate protozoan organ-
ism that primarily harbors in an insect vector
of the Triatominae family, most commonly
the kissing bug or triatomine bug.>®1? It af-
fects a variety of mammalian species across
South, Central, and North America, including
humans, domestic animals, and non-human
primates.>®1 It is estimated that approxi-
mately 8 million people worldwide have this
disease, and around 280,000 reside within the
United States.” Between 60 to 70% of people
infected with 7. cruzi will never develop clin-
ical signs or symptoms, the remaining 30-40%
will develop chronic symptomatic forms
within 10 to 30 years.’

The life cycle of T. cruzi is complex and be-
gins when the triatomine bug feeds on a host’s
blood infected with trypomastigotes. Once in
the insect’s midgut, the trypomastigotes dif-
ferentiate into the epimastigote form where
they later become the infective metacyclic try-
pomastigotes at the rectal ampulla.’ The infec-
tive trypomastigotes are then excreted into the
feces. As the now-infected bug moves on to its
next victim, it will take a blood meal from the
host and subsequently defecate near the bite
wound. In humans, triatomine bugs will fre-
quently bite along the face and near the mouth,
hence their name “kissing bug”, due to their
attraction to the carbon dioxide and warmth
produced by the face. The parasites can then
enter through the mucous membranes, the bite
wound, or a cut/abrasion to the skin, as in-
fected hosts will often scratch at the time of
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Figure 1-2: Heart, dog. Hypercellular foci con-
sist of numerous lymphocytes and plasma cells
within the myocardial interstitium which multifo-
cally efface cardiomyocytes. (HE, 315X)

the bite. Once in the bloodstream, the metacy-
clic trypomastigotes will invade the host cells
and begin the intracellular transition to
amastigotes. Amastigotes will replicate by bi-
nary fission differentiating back to metacyclic
trypomastigotes and rupturing the cell making
their way back into the bloodstream.

T. cruzi can infect myocytes, endothelial cells,
fibroblasts, and adipocytes, but has a tropism
for cardiac muscle tissue.!! Grossly, there are
no pathognomonic lesions for Chagas disease.
Histologically, the cardiomyocytes will be ex-
panded by a pseudocyst containing
amastigotes. While best observed ultramicro-
scopically, the amastigotes will have a large
nucleus and an adjacent rod-shaped kineto-
plast, like Leishmania spp. Unlike the defined
perpendicular orientation of the kinetoplast in
Leishmania, the location of the kinetoplast rel-
ative to the nucleus changes during the life cy-
cle and cannot be a diagnostic feature in Cha-
gas disease.'? Unfortunately, additional diag-
nostics including PCR, culture, and serology
were not performed so leishmaniasis cannot
be completely ruled out, but the geographic
and anatomic location of the organism along
with the histologic appearance is most likely
consistent with 7. cruzi. Infection results in
marked inflammation of the heart, often not
associated with the intracellular pseudocysts.
Myocarditis can lead to heart failure with car-
diac arrest and potentially fatal arrhythmias. In
this case, there was multi-organ evidence of
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Figure 1-3: Heart, dog. In areas of dense inflammatory infiltration of the myocardium, cardiomyocytes
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multifocal are lost, fragmented, atrophic and hypereosinophilic, and rarely mineralized. (HE, 600X)

heart failure including ascites (abdominal ef-
fusion) and centrilobular hepatocyte necrosis
due to hypoxia.

Dogs play a crucial role in the domestic life
cycle and are excellent reservoir hosts to con-
tinue parasite transmission. Cases have been
reported in domestic and working dogs in
South America and the southern United States,
especially Texas and Gulf Coast states. Inter-
estingly, the vectorial transmission that occurs
in humans is less likely in dogs. Transmission
is suspected to occur orally through ingestion
of the infected vectors, ingestion of meat from
infected mammals, or through ingestion of
milk from infected lactating bitches.>!! The
human-companion animal relationship has be-
come increasingly more important, and it is
proposed that dogs could act as a sentinel for
human exposure, environmental risks, and
continued surveillance.’ Shelter and stray
dogs with greater exposure to the outdoors are
more likely to encounter 7. cruzi and with in-
creased human encroachment the interactions

with wildlife reservoirs will also likely in-
crease.’ There are no commercially available
vaccines for dogs but potential vaccines are
being tested including live-attenuated vac-
cines, recombinant protein and vector vac-
cines, and DNA and mRNA vaccines.® Cur-
rent prevention strategies include vector con-
trol methods and prophylactic treatment op-
tions.>

Contributing Institution:

Colorado State University Veterinary Diag-
nostic Laboratory
https://vetmedbiosci.colostate.edu/vdl/

JPC Diagnoses:

Heart: Pancarditis, lymphoplasmacytic and
histiocytic, subacute, multifocal to coalescing,
marked, with numerous sarcoplasmic
amastigotes.

JPC Comment:
Moderated by MAJ William Baskerville, the
5" WSC of the year started off with a great
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Figure 1-4: Heart, dog. Cardlomyocytes occasionally contaln sarcoplasmlc pseudocysts contain numerous
round 2-4um amastigotes compatible with Trypanosoma cruzi. (HE, 1400X)

case of a relevant infectious disease that is
gathering more attention as it spreads within
the United States: American trypanosomiasis
(Chagas disease). Chagas disease was recently
designated as endemic in the southern United
States.’ Current data also indicate that, as tem-
peratures continue to trend warmer, the tria-
tome vectors of Chagas are increasing and ex-
panding their range further north in the United
States. Conference discussion largely centered
on this being a growing health concern within
the US for both humans and veterinary spe-
cies, especially domestic dogs that are housed
outdoors in kennel situations and have higher
rates of exposure to insect vectors. This has
been exceptionally relevant for military work-
ing dogs (MWDs) housed in Texas kennels,
where there has been a disproportionally high
number of MWDs contracting Chagas Disease
compared to other locations within the US.
Due to the likelihood of contact with vectors
in these housing situations, dogs are currently
being looked at as a sentinel species for this
condition.

The causative protozoa’s tropism for specific
tissues can result in fatal chronic disease in the
heart, esophagus, and/or colon.® While most
infections are asymptomatic, in humans, ap-
proximately 30% of chronically infected peo-
ple will develop cardiomyopathy, megacolon,
or megaesophagus with chronic Chagas dis-
ease.’ In fact, this condition is the current lead-
ing cause of infectious myocarditis in humans
and most robust blood-banking operations are
now testing for Trypanosoma cruzi before ad-
ministering blood to patients. Trypo-
mastigotes of 7. cruzi detect and subsequently
alter their movement in the presence of mam-
malian cells and, in the presence of specific
cell types, will respond more strongly to and
invade these cells over alternative cell line-
ages.’

Across multiple studies, it has been demon-
strated that 7. cruzi shows particular tropism
for cardiomyocytes.!*%!13 Studies in rats have
demonstrated that cardiomyocytes infected
with 7. cruzi lose their gap junctional commu-



nication, which results in decreased automa-
ticity of the cardiac muscle with subsequent
electrical alterations.” Gap junction proteins
(connexins) enable transmission of ions and
signaling molecules between cells, making
them critical to proper cardiac function.® Sim-
ilarly, mouse cardiac myocytes infected with
T. cruzi trypomastigotes had significant alter-
ations in connexin43 (Cx43) distribution with
an initial increase in their expression in pera-
cute infection followed by a marked decrease
in acute and chronic infections. These gap
junction disruptions are thought to contribute
to the heart’s electrical dysregulation observed
in some 7. cruzi infections.!

It has also been suggested that 7. cruzi ex-
ploits a HIF-1a-dependent, stress-related acti-
vation of glycolysis that is intrinsic to cardio-
myocytes, further promoting intracellular in-
fection and replication.!®> These chronic stress
responses by cardiomyocytes lead to dysfunc-
tion, cell death, and, ultimately, development
of cardiac disease. More recently, in vitro
studies have demonstrated possible cell-to-
cell transfer of the parasite between cardiomy-
ocytes, although the mechanism by which this
occurs is not yet known.’

Along with exploiting cellular pathways, 7.
cruzi also utilizes a handful of virulence fac-
tors to invade host cells, including a trans-si-
alidase to allow the parasite to bind to host
cells, a penetrin to mediate invasion into a host
cell, neuraminidase and hemolysins to desta-
bilize and disrupt lysosomes, and galectin-3
(gal-3).!% Gal-3 in particular is being studied
as a potential target for therapeutics, as it is in-
volved in the stimulation of cardiac fibroblasts
to synthesize Type I collagen and resultant
cardiac fibrosis. One study found, in vivo, that
mice infected with 7. cruzi that were subse-
quently treated with a gal-3 blocker had sig-
nificantly reduced cardiac fibrosis and inflam-
mation.!® With this disease on the rise in the
Southern U.S. and South American nations,

the growing body of research on Chagas dis-
ease will become ever more important as sci-
entists and medical professionals attempt to
further the development of treatments and pre-
ventatives for this condition.
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CASE II:

Signalment:
5 years old, male intact, cynomolgus macaque
(Macaca fascicularis)

History:

A 5-year-old training animal from the stock
colony, not actively enrolled in a study pre-
sented with decreased activity and reactivity
and was emaciated, pale, dehydrated, and hy-
pothermic. Cardiothoracic examination re-
vealed increased respiratory effort, muftled

L

Figure 2-1: Right ventricle and atrioventricular
valve, cynomolgus macaque. There is a large sep-
tic thrombus attached to the right AV valve. (HE,
10X)
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Figure 2-2. Right atrioventricular valve, cynomolgus macaque: The septic thrombus is multifocally attached

to the AV valve (arrows). (HE, 35X)

cardiac sounds with a suspected systolic mur-
mur, and thoracic edema. The animal was eu-
thanized in extremis.

Gross Pathology:

Lung: Discoloration, dark, brown, diffuse
Heart: Irregular surface, right AV valve, 100%
affected

Laboratory Results:

Acrobic bacterial culture, heart: Moderate
Escherichia coli, Few Staphylococcus warn-
eri, Few Streptococcus mitis

Microscopic Description:
Representative sections of heart and lungs are
examined.

In the heart, the right atrioventricular valve is
extensively overlain by large mats of fibrin,
admixed with numerous degenerate and viable
neutrophils and multiple coccobacilli bacterial
colonies. The valvular stroma is diffusely ex-
panded by moderate myxedema and there are

moderate numbers of neutrophils and lesser
numbers of hemosiderin-laden macrophages,
plasma cells and lymphocytes scattered
throughout the valvular stroma and expanding
the endocardium of the adjacent papillary
muscles. The epicardium and surrounding ad-
ipose tissue are mildly infiltrated by small
numbers of neutrophils, lymphocytes, and
plasma cells.

Regionally, sharply demarcated areas of the
pulmonary parenchyma are markedly necrotic
and replaced by abundant hemorrhage, fibrin,
inflammatory infiltrates composed mainly of
neutrophils and macrophages, and necrotic
cellular debris. In these areas, multiple blood
vessels contain thrombi consisting of large
numbers of degenerate neutrophils, organiz-
ing fibrin, occasional colonies of bacterial
coccobacilli, and necrotic cellular debris that
variably obscure the lumen and vessel walls.
Affected vessels often have smudgy, hypereo-



sinophilic walls that are transmurally infil-
trated by neutrophils, lymphocytes, and mac-
rophages. In less affected regions, the alveolar
spaces contain a small amount of fibrin, nu-
merous foamy alveolar macrophages (some of
which contain brown granular hemosiderin
pigment), and fewer neutrophils and erythro-
cytes. There are moderate numbers of hemo-
siderin-laden macrophages mostly concen-
trated around pulmonary arteries, multifo-
cally. Regionally, along the pleural surface
there is a large amount of fibrin admixed with
numerous degenerate neutrophils and necrotic
cellular debris. The pleura itself is mildly
thickened by fibrous connective tissue and
edema and is multifocally lined by markedly

reactive mesothelium, characterized by
plump, rounded mesothelial cells.

Contributor’s Morphologic Diagnoses:
Heart, right atrioventricular valve: Marked,
chronic, fibrinosuppurative valvular endocar-
ditis with intralesional bacterial colonies;
Mild, multifocal, suppurative epicarditis

Lungs: Marked, regional, suppurative, ne-
crotizing embolic pneumonia with vascular
thrombosis and intrathrombotic bacteria;
Marked, regional, fibrinosuppurative pleuritis

Contributor’s Comment:
Endocarditis refers to the inflammation of the

endocardium, primarily of the heart valves,
and can affect most animal species.” Mecha-
nistically, endothelial lesions tend to start at
areas of highest trauma, particularly the lines
of apposition of the valvular surface exposed
towards the direction of blood flow.>* Blood-
borne microorganisms may become adhered
to these regions, resulting in a localized infec-
tion, which can cause valvular injury and sub-
sequent insufficiency.?> Infectious causes are

Figure 2-3: Right atrioventricular valve, cyno-
molgus macaque. The septic thrombus contains
numerous dispersed bacilli and colonies of cocci.
(HE, 748X)

usually of bacterial origin, usually from sys-
temic infection, but can also be of mycotic or
parasitic origin.’ The bacteria most commonly
involved in valvular endocarditis varies
among species, but Streptococcus sp., Staphy-
lococcus sp., and Enterococcus sp. have been
implicated in endocarditis in humans and most
animal species.” In cattle, Trueperella py-
ogenes 1s the most common agent involved in
bacterial endocarditis, whereas in pigs, Ery-
sipelothrix rhusiopathiae is most common.
Bacterial endocarditis is less common in
horses, dogs, and cats.’

Valvular endocarditis usually involves the left
atrioventricular valve, followed by the aortic
valve, right atrioventricular valve, and pul-
monic valve.® In non-human primates, valvu-
lar endocarditis is an uncommon spontaneous
finding, with an incidence of 0.6% of all spon-
taneous cardiovascular lesions observed.! En-
docarditis can be associated with systemic
bacterial infections or, particularly in the la-
boratory environment, contaminated venous
indwelling catheters, the latter more com-
monly affecting the right atrioventricular
valve.® Interestingly, in cattle, the right atrio-
ventricular valve is mostly affected, most



Figure 2-4: Lung, cynomolgus macaque. Multi-
ple branches of the pulmonary artery contain sep-
tic thrombi (arrows) (HE, 14X)

likely due to the increased incidence of liver
abscesses and subsequent bacterial venous
spread to the caudal vena cava and right side
of the heart.*

As the adherence of bacteria and blood com-
ponents to the valve leaflets progresses, irreg-
ular, raised vegetations replace the smooth
valvular surface.’ Portions of such vegetations
may become detached and travel throughout
the body as septic emboli.> Emboli arising
from the right side mainly affects the lungs,
while emboli from the left side may dislocate
and travel to distant organs, such as kidney
and spleen.’

In the current case, right-sided valvular endo-
carditis was observed, most likely a conse-
quence of a contaminated venous injection.
Septic emboli translocated to the lungs, caus-
ing pulmonary thrombosis and infarction.
Bacterial cultures of the heart and lungs re-
vealed large numbers of E. coli and fewer
Staphylococcus sp.

Contributing Institution:

Charles River Laboratories Mattawan
(criver.com/products-services/safety-assess-
ment/preclinical-facilites/Mattawan-michi-

gan)

JPC Diagnoses:

1. Heart, right AV valve: Valvulitis, fibrino-
suppurative, chronic, focally extensive, se-
vere, with valvular remodeling and numerous
colonies of coccobacilli.

2. Lung: Pneumonia, embolic, necrotizing
and suppurative, chronic, multifocal to coa-
lescing, severe, with septic arterial thrombi
and suppurative pleuritis.

JPC Comment:
This second case provides a beautiful example

of an infective endocarditis with subsequent
embolic bacterial pneumonia, stimulating
value-added educational discussion of a clas-
sic pathogenesis that the contributor sums up
nicely in their comment. Other major points of
discussion included clinical signs associated
with either right or left-sided emboli and asso-
ciated gross lesions with endocarditis, includ-
ing those seen in acute cases where only irreg-
ular ulcerations on swollen valve leaflets may
be seen instead of the more classic irregular
“vegetations” on affected valves.

i = =
Figure 2-5: Lung, cynomolgus macaque. Higher
magnification of septic thrombus within the pul-
monary artery, with numerous neutrophils effac-
ing the arterial wall. (HE, 150X)



Flgre 2-6: Lng, ynlus acque Suppratle inflammation and colonies of bacteria extend into the

pulmonary parenchyma adjacent to effaced pulmonary arterial branches. (HE, 150X)

Conference participants were again asked to
recall the “YAACSS-NT” acronym of large
colony-forming bacteria, which was previ-
ously spelled out in this year’s Conference 3,
if a refresher is needed. (Repetition is key!) To
drive home the dramatic degree of valvular ex-
pansion seen in the heart in this case, a review
of valvular anatomy followed and included
discussion of the normal composition of
valves, which are made up of collagen, ground
substance (proteoglycans and elastin fibers),
and endothelium lining both sides of the valve
leaflets.

Endocarditis was first documented almost 350
years ago.’ The term “vegetative” in the term
“vegetative valvular endocarditis” refers to the
clumps of bacteria, fibrin, platelets, and other
cellular material that adhere to a damaged
heart valve. This conglomeration has tradi-
tionally been referred to as a “vegetation”.

This term was first used by French physician
Jean-Nicolas Corvisart in 1806 to describe
“wart-like growths” he observed on the heart
valves of patients with endocarditis at autopsy,
stating that they appeared to resemble natural
plant life.> Considering this information, one
must wonder of Dr. Corvisart had, in fact, ever
seen a plant in his own natural life to have
named it thus. Despite its historical use, the
medical community as a whole is has moved
away from that term in favor of either “infec-
tive endocarditis” when microorganisms are
present, or “nonbacterial thrombotic endocar-
ditis” when the lesion is sterile.
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CASE IIT1:

Signalment:
11-years-old, male, mixed breed canine, Canis
familiaris.

History:
“Enucleated right eye”. No other history was
provided.

Gross Pathology:
An entire formalin-fixed eye was submitted
for histopathology.

Figure 3-1: Eye, dog. A cross -section of the globe
is submitted for examination. There are cross-
sections of larval nematodes embedded in the
sclera on both sides of the globe. (HE 5X).

Laboratory Results:
N/A

Microscopic Description:

Enucleated right eye: Expanding and infiltrat-
ing the sclera, and occasionally extending to
and dissecting the periocular skeletal muscle,
are multiple cross and oblique sections of
nematode parasites. Nematodes are character-
ized by a thick cuticle with annular ridges seen
as raised areas in oblique sections, coelomyar-
ian/polymyarian musculature that is atrophied
and multifocally replaced by hypodermal tis-
sue, a very small intestinal cross section, and
reproductive organs. Mild hemorrhage, fibrin,
and edema are present in affected sclera, and
occasional nematode cross sections are sur-
rounded by epithelioid macrophages. The cor-
nea is hypercellular with low numbers of neu-
trophils and areas of neovascularization.

Contributor’s Morphologic Diagnoses:
Granulomatous scleritis and myositis with in-
tralesional Onchocerca lupi

Contributor’s Comment:

Onchocerca lupi is a parasitic, filarid nema-
tode that is the causative agent of ocular on-
chocerciasis in domestic dogs.! Cases have
also been described in cats, one case was re-
ported in a wolf, and coyotes in the southwest-
ern United States have been reported to be
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Figure 3-2: Eye, dog. On one side of the globe,
cross-sections of one or more larval nematodes
are embedded in an inflammatory nodule in the
sclera and adjacent orbital skeletal muscle. (HE
28X).

probable reservoirs.!**  Canine infections

with Onchocerca lupi have been reported in
Europe, North America, and in Asia."**° On-
chocerca lupi is also zoonotic, and human
cases of Onchocerca lupi have been reported
in the United States, Europe, North Africa,
and in the Middle.*%” Outside of the United
States, reported human cases are mostly in
adults, manifesting as localized ocular dis-
ease, however, human cases in the southwest-
ern United States have been predominately
seen in children, including at least 4 neuroin-

vasive cases.”?

The life cycle of Onchocerca lupi has not been
completely described, but it is thought to be
similar to that of other filarid nematodes.
Canids are described as definitive hosts.*
Adult male and female nematodes develop
within canine periocular tissues, and, after
mating, females release microfilariae, which
travel to the subcutaneous tissues, especially
of the head, and the inter-scapular and lumbar
areas.* Rare cases of intraocular onchocercia-
sis, and of extensive aberrant migration of on-
chocerciasis have been reported in domestic
dogs.”!° Wolbachia spp. have been described
in adult Onchocerca lupi, and this bacteria is
necessary for the reproduction and survival of

other Onchocerca species, as well as of Diro-
filaria immitis | another filarid nematode.®
Presumably, the intermediate host becomes
infected with microfilaria while feeding on the
definitive host. The exact intermediate host is
unknown, but is thought to be a species of
black fly (Simulium spp), as is the case in other
Onchocerca species, and Onchocerca lupi
DNA has been isolated from Simulium tribu-
latum in California, USA.!" Onchocerca lupi
DNA has also been found within Ceratopogo-
nidae sp. (biting midges) in Northern Arizona
and New Mexico, USA.!? Presumably, the lar-
vae develop into infective L3s within the in-
termediate host, which then infects the defini-
tive host during feeding.*

Clinically, canine cases of Onchocerca lupi
may present with single or multiple, variably
sized nodules on the bulbar conjunctiva, con-
junctival hyperemia, episcleral injection, che-
mosis, periocular swelling, retinal detach-
ment, and corneal edema.'*!* Typical gross le-
sions include nodules affecting the conjunc-
tiva, episcleral tissue, and periorbital soft tis-
sues.'?> Some cases do not have reported clin-
ical signs directly attributable to Onchocercia-
sis, and are diagnosed as an incidental lesion
on biopsy secondary to other presenting
causes like neoplasia.'® Bilateral involvement
is described.!*

Onchocerca lupi is typically diagnosed via
histopathology, and to our knowledge no com-
mercially available polymerase chain reaction
(PCR) tests is available, although PCR assays
have been described in the peer reviewed lit-
erature.”!* Typical histologic lesions include
nematodes with very small intestinal cross
sections, atrophied coelomyarian/polymyar-
ian musculature, and annular cuticular ridges
that can be seen in longitudinal or oblique sec-
tions. Microfilaria may be seen within female
worms. Variable amounts of inflammation
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Figure 3-3: Eye, dog. Higher magnification of the mass of nematode larvae within the sclera. Some of the
larvae are surrounded by granulomatous inflammation. At the periphery of the nodule, larvae extend into

the adjacent atrophic orbital skeletal muscle. (HE 131X)

ranging from mild to severe, and including
macrophages, lymphocytes, and eosinophils
may be seen, as can fibroplasia. We have seen
pyogranulomatous inflammation as well in
our laboratory. Currently, a commercially
available serology test is not available, alt-
hough serologic tests are in development. '

Contributing Institution:

NMDA Veterinary Diagnostic Services, 1101
Camino de Salud NE, Alberquerquw, NM
87102,
https://nmdeptag.nmsu.edu/labs/veterinary-
diagnostic-services.html

JPC Diagnoses:
1. Globe and periocular tissue: Scleritis and
orbital  rhabdomyositis,  granulomatous,

chronic, multifocal, moderate, with adult
filarids.

2. Retina, ganglion cell layer: Degeneration
and atrophy, chronic, diffuse, severe.

3. Globe, lens: Cataract.
4. Globe, cornea: Keratitis, neutrophilic and
histiocytic, chronic, multifocal, moderate.

JPC Comment:

This third case stimulated excellent discourse
on ocular pathology and the associated
changes seen in this eye. While the nematodes
in the periocular tissues were striking, the
other ocular lesions were a point of discussion
focus for conference participants to ensure
residents in attendance understood the im-
portance of not latching on to one lesion
(“search satisfaction”) before examining the
tissues in their entirety. This eye had multiple
other lesions, some of which were subtle, and
these caught the attention of the more experi-
enced participants in the room. The keratitis in
this eye served as a springboard to discuss the
other changes, and conference participants
suspect the keratitis was secondary to melano-
sis and inflammation causing occlusion of the
drainage angle in this case, resulting in sec-
ondary glaucoma (as evidenced
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Figure 3-

larva in cross section. Larvae have no developed
reproductive tracts. The nematodes have a tegu-
ment with thin spikes, coelomyarian-polymyarian
musculature which is interrupted by a hypoder-
mis, a small triradiate esophagus, and sections of
a small multinucleated intestine.

by degeneration of inner retinal cells and reti-
nal ganglion cell loss) and subsequent bu-
phthalmia. One of the more common sequelae
to buphthalmia is an exposure keratitis due to
inability of the eyelids to completely close
over the enlarged eye. Coupled with possible
irritation from the nematodes, participants felt
that the keratitis and precluding factors were
important features to discuss in this case.

Conference participants unanimously agreed
that the nematodes in section were consistent
with Onchocerca lupi. For the sake of educa-
tional discussion, differentials for ocular nem-
atodes in a dog were: Toxacara canis (asca-
rid), Onchocerca lupi (spirurid), Angiostron-
gvlus vasorum (metastrongylid), Dirofilaria
immitis  (spirurid), Ancylostoma caninum
(strongylid), Trichinella spiralis (aphasmid),
and Thelazia spp. (spirurids). Of these, Thela-
zia spp. are the true ocular parasite and tend to
reside in the conjunctival sacs and lacrimal
ducts of infected animals. Onchocerca spp. in
other species were briefly discussed, and hon-
orable mentions included O. cervicalis, which
sets up shop in the nuchal ligament of horses,
O. gutturosa and O. lienalis, both of which in-
vade the nuchal and gastrosplenic ligaments of
cattle, and O. volvulus, the causative agent of
“river blindness” in humans.
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CASE 1V:

Signalment:
2.5-year-old spayed female domestic shorthair
cat (Felis catus)

Figure 4-1: Eye, cat. There are profound inflam-
matory changes in all segments of the eye. (HE,
10X)

History:

Dental procedure performed 6 weeks prior
with multiple extractions, including right
maxillary arcade. Right eye discomfort was
noted by the owner one day post-surgery.
Medical management (full details not availa-
ble) was attempted by the primary veterinar-
ian, but the patient was refractory to treatment.
The cat was referred to an ophthalmologist
who documented severe anterior uveitis, iris
bombe, and lens capsule rupture via ultra-
sound. Enucleation was performed due to sus-
picion of septic endophthalmitis secondary to
dentistry-related ocular trauma.

Gross Pathology:

Submitted fixed in 10% neutral buffered for-
malin for evaluation is an enucleated eye (di-
ameter: 31mm; cornea diameter: 18mm; axial
length: 22mm) with a less than Imm segment
of optic nerve. On section of the eye, the ocu-
lar chambers contain abundant amounts of
thick off-white purulent material.

Laboratory Results:
N/A

Microscopic Description:

Filling all ocular chambers and coating the
surfaces of intraocular structures are vast ac-
cumulations of exudate consisting of myriad
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Figure 4-2: Eye, cat. The lens is ruptured. HE,
25X)

degenerate and intact neutrophils, many mac-
rophages, abundant amounts of fibrinous to
proteinic material, abundant necrotic cellular
debris, occasional pools of extravasated
erythrocytes, and multifocal colonies of
mixed bacteria (rods and coccobacilli). Cen-
trally incorporated into the inflammatory ex-
udates is a ruptured lens which lacks a cap-
sule in many areas and has highly undulating
free capsule margins regionally. The lenticu-
lar stroma is variably vacuolated with the fol-
lowing features: streaks of pallor,
Morgagnian globules, many infiltrating leu-
kocytes (mostly neutrophils), and occasional
pockets of similar bacteria. The retina is dif-
fusely detached and largely inapparent apart
from remnant segments of atrophied and de-
generate retina enmeshed within the exudate.
Suppurative to pyogranulomatous inflamma-
tory infiltrates multifocally extend into the
iris, ciliary body, choroid, optic nerve which
is significantly gliotic with rarefied neuropil,
and optic nerve meninges. The iris is dis-
placed anteriorly and multifocally abuts the
posterior aspect of the cornea. The anterior
chamber is severely narrow, and the drainage
angle is collapsed and inapparent. The cor-
neal stroma is moderately to markedly oe-
dematous and contains small to moderate
numbers of scattered neutrophils. The ante-
rior corneal epithelium appears attenuated in
areas. The sclera is variably thinned with

multifocal often perivascular infiltrates of
lymphocytes and plasma cells with variable
numbers of admixed neutrophils and occa-
sional macrophages. There are increased
numbers of perilimbal pigmented cells. A
thin to moderately thick layer of oedematous
and inflamed granulation tissue regionally
lines the mid and posterior scleral margins
outside the globe and extends into a bundle
of periocular skeletal muscle. In addition to
infiltrates of the aforementioned inflamma-
tory cells, the granulation tissue also contains
many golden-brown pigmented macrophages
(siderophages) which are concentrated at the
level of the ciliary body. There is abundant
haemorrhage in the retrobulbar loose connec-
tive tissue.

Contributor’s Morphologic Diagnoses:
Endophthalmitis, diffuse, suppurative to
pyogranulomatous, severe, with lens rupture,
retinal detachment and degeneration/atrophy
with intraocular exudation and intralesional
mixed bacteria, drainage angle collapse, kera-
titis, corneal oedema, scleritis and regional
periscleral fibrosis

Contributor’s Comment:

Ophthalmic complications associated with
scleral penetrating injuries are infrequently re-
ported in dogs and cats with a recent history of
dental procedures. latrogenic globe trauma as

Figure 4-3: Eye, cat. The ruptured lens is infil-
trated by numerous neutrophils which are at-
tracted to lens protein. The posterior lens capsule
is at right. (HE, 457X)
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a complication of routine dentistry may occur
secondary to slippage of dental instruments
during maxillary tooth extraction or inadvert-
ent needle perforation of the globe when plac-
ing infra-orbital and maxillary nerve blocks.
Endophthalmitis is a common sequela of den-
tal-associated globe penetration due to im-
plantation of bacteria and/or lens rupture.
Medical management is often poor and most
cases of post-dentistry endophthalmitis lead to
palliative and diagnostic enucleation.

Compared with other species, cats may be at
increased risk of traumatic globe injury during
exodontic procedures due to a large globe size
that nearly fills the orbit, lack of bony orbital
floor, and close proximity of maxillary tooth
roots (especially PM4 and M1) to the ventral
orbit. Bone resorption associated with perio-
dontal and endodontic disease may further
compromise the narrow rim of alveolar bone
surrounding the roots of the maxillary premo-
lars and molars, increasing vulnerability to iat-
rogenic ocular trauma. Older cats may be at
increased risk of penetrating ocular trauma
during dental procedures compared with
younger cats due to age-associated atrophy of
orbital fat pads and closer globe position to the
oral cavity.

Clinical findings in animals following orbital
penetration during a dental procedure include
vision loss, epiphora, mucopurulent ocular
discharge, blepharospasm, exophthalmos, bu-
phthalmos, glaucoma, hyphema, hypopyon,
miosis, iris bombe, cataract, and orbital cellu-
litis. Gross examination of the globe com-
monly demonstrates opacification of the aque-
ous and vitreous humor and may reveal a site
of scleral penetration. Histopathologic lesions
include severe suppurative endophthalmitis or
panophthalmitis, varying degrees of orbital
cellulitis and episcleral fibrosis of the ventral

Figure 4-4: Eye, cat. The markedly atrophic and
coiled retina is floating free within a mass of fibrino-
suppurative inflammation within the vitreous be-
hind the ruptured lens. (HE, 121X)

aspect of the globe, and in some instances rup-
ture of the posterior or equatorial lens capsule
and/or presence of intraocular bacteria. Ven-
tral scleral perforation may be appreciated in
some cases, but a site of penetrating injury is
not always detected. In this case, a scleral
penetration site was not appreciated grossly or
histologically despite review of multiple step
sections.

Contributing Institution:

University of Sydney
https://sydney.edu.au/science/schools/syd-
ney-school-of-veterinary-science/veterinary-
science-services.html

JPC Diagnoses:

Globe: Endophthalmitis, fibrinosuppurative,
subacute, diffuse, severe, with lens rupture,
synechiae, fibrovascular membranes, retinal
detachment and atrophy, and bacterial colo-
nies.

JPC Comment:

Talk about a descriptive case that made, for
obvious reasons, an excellent sales pitch on
why pathology is the best profession! This
case provides an excellent opportunity for
participants to push themselves on their ocu-
lar descriptive abilities. Many thanks to this
contributor for a fantastic case! Much like
the previous eye case in this conference,
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Figure 4-5: Eye, cat. The iris is adhered to the pos-
terior of the cornea (anterior synechia) and ex-
panded by pre- and post-iridal fibrovascular mem-
branes. The anterior segment is filled with neutro-
phils. (HE, 379X)

there was substantial discussion on ocular pa-
thology. The most informative nuggets from
that conversation included utilizing the lens
capsule, which is an easily identifiable struc-
ture in the eye, to assist with orientation in a
busy ocular slide such as this one. The pig-
mented irideal stroma, as well as the
“golden” fibers of the iris, can also be used to
help identify structures that might otherwise
be difficult to ascertain due to the degree of
damage and/or inflammation.

This case had beautiful examples of iris
bombe (iris pushed forward into the anterior
chamber and adhered to the back of the cor-
nea), numerous types of fibrovascular mem-
branes (retrocorneal, preiridial, cyclitic, etc.),
and a fantastic phakoclastic panuveitis from
lens rupture. The six types of uveitis and their
definitions were discussed and included: 1)
anterior uveitis (inflammation of the iris and
ciliary body), 2) posterior uveitis (inflamma-
tion of the ciliary body and choroid), 3)
panuveitis (iris, ciliary body, and choroid af-
fected), 4) chorioretinitis (inflammation of
the choroid and retina), 5) endophthalmitis
(inflammation of uvea, retina, and ocular
cavities), and 6) panophthalmitis (all ocular
structures are affected, including sclera). Be-
ing able to recognize and accurately use these

terms as pathologists can provide crucial in-
formation to ophthalmologists when it comes
to treating these patients.

As anyone who has owned a cat will tell you,
cats are no strangers to ocular trauma. Com-
mon causes include fights (especially with
claws), foreign bodies, blunt trauma, chemi-
cal burns, and, less commonly, iatrogenic
(such as dental work or local nerve blocks).
Of the frequently encountered domestic spe-
cies in veterinary medicine, cats are more
likely to end up with traumatic globe injury
following dental procedures due to their com-
plete lack of a bony orbital floor, their objec-
tively massive eyes that stare straight into the
void, and the close proximity of their maxil-
lary roots (PM4 and M1) to their ventral or-
bit. Additionally, they get a fair amount of
periodontal disease, which can lead to bone
resorption and thinning of the alveolar bone
around the tooth roots. Older cats, as if they
needed any additional help getting their eye-
balls stabbed, also have age-associated atro-
phy of their orbital fat pad, putting their
globes in even closer proximity to the oral
cavity.

An unfortunate possible sequela to chronic
ocular trauma in cats is the development of
feline post-traumatic ocular sarcoma
(FPTOS), which is an aggressive malignant
neoplasm of the eye in cats and the third most
common primary intraocular tumor in feline
patients.® It can take up to seven years for
these sarcomas to develop following ocular
trauma or disease, and they are thought to
arise from malignant transformation of lens
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Figure 4-6: Eye, cat. The retina is detached and
the choroid is expanded by moderate numbers of
infiltrating neutrophils. The sclera is thinned. The
periorbital fat and atrophic orbital skeletal muscle
are infiltrated by edematous fibrous connective tis-
sue.

epithelium, as there is a history of lens rup-
ture is almost all cases of FPTOS.® Most of
these tumors look very similar to fibrosarco-
mas, but there can be variation in their mor-
phology; some may look like osteosarcomas,
others like giant cell neoplasms.® Recently,
there has been a link established between the
development of FPTOS and the use of intrav-
itreal gentamicin injections used to ablate the
ciliary body in cases of unresolving glau-
coma.® Medicine is ever-evolving, and one of
the great burdens of clinicians is making
treatment decisions that carry risk knowing
that, for some patients, the benefit of such
treatment outweighs that risk. For cats af-
flicted with these aforementioned conditions,
though, it seems that all roads lead to enucle-
ation.
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