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This year’s edition of the Wednesday Slide Conference
is dedicated to

COL Robert Moses “Bob” McCully.

Husband, father, officer, veterinarian, pathologist.

“You spend your life studying pathology, and at the
end, you are pathology.” ... RMM



1) Check for updates

Obituary
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In Memoriam: Robert M. McCully (1927-2017)

Bruce Williams'®

The long mission of Bob McCully is now complete. The
senior surviving alumnus of the Armed Forces Institute of
Pathology (AFIP) Department of Veterinary Pathology and
likely its most colorful personality, Col Robert Moses “Bob”
McCully, USAF, lived a life and successfully pursued a rich
and varied career that most pathologists simply dream
about. Col McCully was also one of the Department’s most
prolific authors, with over 50 first-author papers to his
credit. He passed on 24 March 2017, having left his mark
and singular impression on generations of pathologists on
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2 continents, and on 16 March 2018 was interred with
honors at Arlington National Cemetery, alongside many
other American heroes. The last line of his gravestone in
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Arlington bears the achievement he was most proud of—
“Veterinary Pathologist.”

A lanky Mississippian, Bob McCully enlisted in the US
Merchant Marine in 1945 immediately upon graduation from
high school. With the war over, he returned to civilian life and
enrolled in pre-vet studies at Mississippi State College, enter-
ing veterinary school at Iowa State University in 1949. He
graduated from veterinary school at lowa State in 1953, did a
2-year internship at Angell Memorial, and was recruited to
join the Air Force in 1955, with an initial assignment at the
Armed Forces Institute of Pathology (which was to ultimately
become his one and only duty station in a 20+-year Air Force
career). While serving as the chief of both the Lab Animal
Colony and Experimental Surgery Section in the brand-new
AFIP building on the campus of Walter Reed, 1st Lt McCully
simultaneously trained as a veterinary pathologist under Drs
T.C. Jones and Charlie Barron, forming the first AFIP resident
class in 1958 with Capt F.M. Garner. As a resident, he not
only worked with NASA’s fledgling space program but was
also an observer during 3 separate nuclear tests at the Nevada
Proving Grounds (proudly displaying, years later, the certifi-
cate he received from the US government in the 1980s stating
he had not received a dangerous dose of radiation during his
observer days.)

He culminated his official 3-year residency with ACVP
certification in 1961. (His ACVP “class” of 6 was a memorable
one, including John King and David Dodd, among others.)
Following 2 years as the training officer at the AFIP, Capt
McCully was the first AFIP-Onderstepoort Exchange Officer,
a program that was to change the course of his career and life.

In December 1963, Maj McCully, his wife Elaine, and 4
children traveled to South Africa, a country that captured their
hearts and they would truly never leave. While studying foreign
animal diseases for the US government and sending incredible
amounts of material back to the AFIP for teaching and
research, Bob also accompanied local guides, rangers,
and African natives on their excursions in Kruger national park
and elsewhere around the country, doing field autopsies on
culled hippopotami, large cats, and many and varied hoofstock,
cataloguing diseases that few non-Africans had ever seen. Dr
McCully investigated and eventually published over 40 peer-
reviewed articles dealing primarily with the pathology and
parasitology of African wildlife and domestic livestock. In
1969, he returned to the AFIP to manage the exchange program
until 1975, when he retired from the Air Force. His family
remained behind in South Africa, beginning for him a
40-year quasi-nomadic life that would take him between South
Africa, Washington, DC, and his childhood home in Lewis-
ville, Mississippi, each year.

In South Africa, where he primarily lived and watched his
family grow to 8 members (all graduating college and most
entering various aspects of medicine), he continued to interact
and work with the Department of Veterinary Pathology at
Onderstepoort, attending rounds, assisting in autopsies, and
collecting additional photographs and data on almost every
disease of local livestock. His dedication to pathology was

evidenced by his electronic publication of his ultimate work,
the The AFIP-Onderstepoort Program Color Atlas of Foreign
and Domestic Diseases of Pastoral Animals and Other Selected
Species, a volume 30 years in the making and ultimately
financed, completed, and distributed (a copy handposted to
each member of the ACVP) by Dr McCully himself.

These are the facts of the man, most set in stone before I met
“Dr Mac,” but certainly not his measure. I met him first in the
early 1990s when the incessant delays of the AFIP’s publishing
of his Atlas made him a much feared figure whenever he would
turn up in its hallways, but I was later to find out that his anger
was righteous and his treatment (and more importantly to him,
those of his fellow authors) by my organization was most
unconscionable. (The aforementioned delays totaled 16 years
before Col McCully was able to wrest back his manuscript
from the government and publish it himself.)

I was not to meet the real Bob McCully until almost 20 years
later, when the AFIP was closed and its successor, the Joint
Pathology Center (JPC), established miles away on the old
Forest Glen Campus. On the day we opened the JPC doors, I
noticed a lanky, albeit stooped older gentleman in a leather
bomber jacket and USAF retiree ballcap walking laps around
our parking lot behind a grocery cart (the JPC shares a building
with the Army commissary, so grocery carts are a common
sight). My memories of Dr McCully were vivid enough to
allow me the temerity of reintroducing myself after many
years, and my invitation to come see the “new AFIP” was met
with enthusiasm and grace, but only “after I finish my two
miles.” From that day on, Bob McCaully, at least when he was
in the US, was a fixture in our department—attending lectures,
looking at cases, and telling stories as only he could about his
days at the AFIP and in South Africa, to the delight of residents
50 years his junior.

At the JPC, he was considered family, which made it all the
more difficult when he returned from South Africa in 2015 with
a diagnosis of melanoma and a tumor on his ear and face that
made all of us gasp. Fearful of a surgery that might leave him
with facial paralysis, Bob handled the situation as only Bob
would—he informed his doctors at Walter Reed that he would
endure no surgery, no chemo, and no radiation. After 6 weeks
of additional rapid tumor growth, his doctors started Bob on an
experimental monoclonal antibody (nivolumab), which com-
bined with several biopsies and tumor debulking (under local
anesthetic and Bob’s very watchful eye) resulted in an almost
miraculous recovery and ultimately, a cure. During this time,
even though he often suffered great pain from the tumor, he
insisted on biweekly biopsies to document the tumor’s
response to treatment and doing the pathologic observations
and descriptions himself. He continued to put in a full day each
day at the microscope, poring over his own biopsies, interrupt-
ing his work only for lectures and slide rounds. His case, a rare
success in melanoma treatment, has been written up in surgical
journals, where the rapid regression of his tumor once he
insisted on surgical debulking and repeated biopsy (contrary
to all AMA oncologic directives) has been published as “the
McCully effect.” His work during this most trying of times was
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an inspiration to our staff, our residents, and even the visitors
lucky enough to share the study spaces with him.

For me, the Bob McCully I met in his last 5 years will
always be larger than life. His stories of Africa and the AFIP
in its heyday, his incredible work ethic—a full day at the JPC
at the age of 88, and then home to work on his memoir or his
beloved Atlas, his endless graciousness to everyone in the
Department (the secretaries were as fond of him as he was
of them) and his generosity—"“Bruce, go buy sandwiches for
everyone in the department, as long as they all want Reubens”
(as half of the department had the first Reuben sandwich in
their lives that day), will always be fond memories. He was
also a true man of letters—writing constantly (his memoir
stands at 530 pages, his Atlas even more), as well as writing
several letters to friends and family each day. Everything was
written in beautiful longhand—while Bob loved the Internet,
especially YouTube, he eschewed email and refused to ever

get an email account. Most of all, those who knew Bob in
those last years will remember his love of life and that omni-
present smile.

Perhaps my most lasting memory will be the last day I saw
Bob, as the hyperstimulated immune system that cured his
melanoma turned on his body, attacked his lungs, and made
the great man weak. “Time is short, and we still have work to
do,” he told me, as we set up his laptop one last time and, side
by side, made some final changes to his memoir. Changes
made, he got back into the hospital bed, and we talked and
laughed a bit more about pathology and pathologists and finally
about the nature of family and the universe. His work finished,
and his long mission complete, my friend Bob McCully passed
peacefully early the next morning, surrounded by family.

ORCID iD
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Case | JPC Contr. Species Tissue Diagnosis
No. | No. No.
Conference 1 — August 15, 2018
1 4020132 | RUSVM Casel African Green Monkey | Liver, Spleen Yersiniosis
2 4023574 | VF247 0900677-d | Rat Mesenteric artery Polyarteritis nodosa
3 4102985 | PV2017 Mouse Kidney Mouse kidney
parvovirus
4 4068156 | 15/191 Horse Cranial nerve Craniopharyngioma
Conference 2 — August 22, 2018
1 4019882 | 21-168-14 Ferret Lung Coronavirus-associated
12-168-17 disease
2 4034956 | 13Vv1542 Ox Liver Acute bovine liver
disease
3 4066919 | #191301 Dog Tonsil Lympangiomatous
tonsillar polyp
4 4017185 | 1/12 Dog Haired skin Straelensia cynotis
Conference 3 — September 5, 2018
1 4067411 | 15-13332 Cat Colon Clostridium piliforme
AEEC
2 4068388 | Case 1 Sheep Brainstem Listeria monocytogenes
3 4023564 | 1211581 Cat Liver Mastocytosis
4 4066086 | 3150102012 Dog Lung Angiostrongylus
vasorum
Conference 4 — September 19, 2018
1 4049562 | N14-111 Dog Kidney Lyme disease
2 4066460 | Case 1 Cynomolgus macaque Kidney EM Immune-complex
glomerulonephritis
3 4048996 | P2551-13 Horse Kidney Hemolytic-uremic
syndrome
4 4056733 | 252464 Dog Kidney Renal dysplasia
Conference 5 - September 26, 2018
1 4066664 | 1505184 Ox Cerebellum Ovine herpesvirus-2
Trachea MCF
2 4066395 | S1408459 Ox Heart, thymus Pajaroellobacter
abortibovis
3 4033383 | 13749 Mouse Salivary gland Botryomycosis
4 4068765 | Case 2 Rat Zymbal’s gland Zymbal’s gland
adenoma
Conference 6 — October 3, 2018
1 4089879 | 21609 Rat Cerebrum Glioma
2 4102645 | A16-38521 Dog Brainstem Astrocytoma, low grade
3 4048997 | P3213-13 Cat Cerebellum Abiotrophy
4 4068932 | V15-09895 Ox Cerebellum Locoism
Conference 7 — October 17, 2018
1 4084541 | UW Case 1 2016 | Cat Eye Chondrosarcoma
2 4102435 | 16RD2093 Dog Optic nerve Astrocytoma, low-grade
3 4068158 | 15/444 Horse Eye Ciliary body amyloid
Recurrent uveitis
4 4019356 | AVC C5181-11 Dog Eye Orbital meningioma
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Conference 8 — October 24, 2018

1 4084541 | UW Case 12016 | Red squirrel Skin Mycobacterium
lepromatis
2 4102435 | 16RD2093 Bald eagle Heart Lead toxicity
3 4068158 | 15/444 Alligator Liver Chlamydia sp.
4 4019356 | AVC C5181-11 Dog Mandible Ophidiomyces
ophiodiicola
Conference 9 - November 1, 2018
1 4050022 | 13-12484 Horse Small intestine Clostridium difficile
2 4085384 | H1507887-83 Dog Stomach Canine hemorrhagic
gastritis
3 4105936 | H17-1982 Calf Abomasum Sarcina ventriculi
4 4048573 | 13101599 Ox Colon Bovine coronavirus
Conference 10 - November 9, 2018
1 4006380 | Case 1 Dog Ocular cytology Prototheca sp.
2 4048660 | 9428-12 Cat Spleen Francisella tularensis
3 4066393 | 11136 Cynomolgus macaque Kidney Fatal fasting syndome
4 4084546 | 15-H700012 Rabbit Cerebrum Encephalitozoon
cuniculi
Conference 11 — December 5, 2018
1 4066260 | P15/141 Ox Skin Besnoitia besnoitii
2 4085967 | Case #1 Cat Skin Cowpox
3 4090973 | E2337 Cat Skin Bowenoid in situ SCC
4 4084013 | 16-859 Cat Gingiva Peripheral giant cell
granuloma
Conference 12 — December 12, 2018
1 4049888 | Case 1 2014 Common marmoset Tongue, brain Human herpesvirus 1
2 4039359 | V1312663 Ox Cerebrum Polioencedphalomalacia
3 4084217 | K9 CNS1 Dog Cerebrum Hypernatremia
4 4100730 | 16H9445 Dog Cerebrum Gmz2-gangliosidosis
Conference 13 — January 2, 2019
1 4100984 | A-475-4 C57BL/6NCrl mouse Liver Ebola virus
2 4105937 | N130/176 Cat Heart Hypertrophic
cardiomyopathy
3 4033739 | 317048 Horse Heart Arrhythmogenic right
ventricular
cardiomyopathy
4 4049160 Cat Heart Reactive
angioendotheliomatosis
Conference 14 — January 9, 2019
1 4101745 | NE17-176 Dog Thyroid gland Lymphocytic thyroiditis
Atherosclerosis
2 4084299 | S1603556 Horse Lung Acanthamoeba sp.
3 4101314 | 17-612 Goat Lung Rhodococcus equi
4 4103659 | Case 1 Sprague-Dawley rat Lung Alveolar-bronchiolar

carcinoma
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Conference 15 —January 15, 2018

1] 4102152 | 16153E Rhesus macaque Heart Spironucleus sp.
2 | 4067571 | NCDS-2203/1003- | Sprague-Dawley rat Eye Linear retinopathy
17
3 | 4048861 | 13004 Wister Crlj rat Kidney Alloxan toxicity
4 | 4085317 | 16-10769 Dog Tongue Embedded burdock spines
Conference 16 — January 23, 2019
1| 4019118 | FMZV USP Case | Dog Liver Canine adenovirus-1
1 Infectious hepatitis
2 | 4084299 | 14-7470-10 Horse Liver Hemochromatosis
3 | 4019850 | 11727 Ox Liver Fasciola hepatica
4 | 4018823 | UW SVM Case 2 | Dog Liver Toxoplasma gondii
Conference 17 — January 30, 2019
1] 4084248 | S1501813 Dog Testis Rickettsia ricketsii
2 | 4066258 | L14-10949 Pig Heart Porcine circovirus-2
3 | 4032592 | D12-044205 Guinea pig Lung Guinea pig adenovirus
4 | 4083744 | 14A310 Rhesus macaque Adrenal gland Waterhouse-Friedrichsen
syndrome
Conference 18 — February 6, 2019
1| 4048673 | 13-161654 African Grey Parrot Great arteries Atherosclerosis
2 | 4066242 | B Orange-winged amazon | Liver Mycobacterium genavense
3 | 4085103 | 1013/15 Blue-eyed cockatoo Lung Sarcocystis falcatula
4 | 4035109 | BA214/11 B1 Bearded dragon Skin Chrysosporium
anamorph of Nannizziopsis
vriesii
Conference 19 — February 13, 2019
1 | 4048498 | 08-36807 Soft-shelled turtle Heart Spirorchis sp.
2 | 4054746 | TAMU-2 2014 Leopard tortoise Heart, thymus Entamoeba histolytica
Intranuclear coccida
3 | 4084545 | 15-41009 Tiger Lung Canine morbillivirus, CDV
4| 4102647 | M17-69 American paddlefish Stomach Anisakis sp.
Conference 20 — March 20, 2019
1]4041970 | D12-49 3 Dog Skin Mast cell tumor, hi grade
2 | 4117533 | SB-18-1846 1 Horse Eyelid Clear cell SCC
3 | 4070611 | Case 2 Cat Prepuce Transmissible venereal
tumor
41 4101757 | C9969-15 Ox Penile urethra Transitional cell carcinoma
Conference 21 — March 27, 2019
1] 4033381 | NCAH 2013-1 Chicken Trachea Gallid herpesvirus-1
2 | 4066708 | A231/15 Chicken Liver Avian adenovirus
314085106 | 1 Roman duck Esophagus Anatid herpesvirus-1
4| 4101757 | 16-5448 Chicken Gonad Ovotestis
Conference 22 — April 3, 2019
1] 4113194 | Case 2 Norway rat Liver Cysticercus fasciolaris
Capillaria hepatica
2 | 4103280 | 401324 Ox Lung Dictyocaulus viviparus
3| 4074226 | NP545M3 Dog Skeletal muscle Ancylostoma caninum
4| 4116731 | S15/8162 Dog Small intestine Echinococcus granulosus

adults
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Conference 23 — April 10, 2019
1| 4032713 | 12-324 3 Dog Liver Malignant plasma cell tumot
2 | 4066543 | 2014910070 Dog Skin Erythrocytic
plasmablastic lymphoma
3 | 4066455 | 66619 Dog Cerebrum Histiocytic
sarcoma
414099791 | UMC172 Horse Lung, liver Intravascular lymphoma
Conference 24 — April 24, 2019
1 | 4088206 | W837-12 Horse Colon Lethal white foal
syndrome
2 | 4066219 | P/2014 95 Horse Skeletal muscle, fat | Vit E/Se imbalance
3 | 4101752 | S643/17 Horse Liver Clostridium difficile
4 | 4085442 | 16L-2013 Dog Lung, heart Metastatic
rhabdomyosarcoma
Conference 25 — May 1, 2019
1| 4037902 | N261/13 Cat Lung Bordetella bronchiseptica
2 | 4050143 | 2014 Case 2 Ox Lymph node Mycobacterium bovis
3| 4100993 | S5-2017-20 Dog Omentum Actinomyces sp.
4 | 4032439 | 12H5674 Dog Lung Plexiform arteriopathy
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CASE I: RUSVM-1 (JPC 4020132).

Signalment: 4-year-old, male, African green
monkey (Chlorocebus aethiops sabaeus)

History: This monkey was euthanized during
a recent outbreak of acutely fatal enteric
disease in a colony of captive African green
monkeys (Chlorocebus aethiops sabaeus) in
the island of St. Kitts, West Indies. On
clinical examination, the monkey had bloody
diarrhea, was pyrexic and severely
dehydrated. Previous to this case submission,
multiple monkeys in the same enclosure had
died after a short period of illness
characterized by depression, diarrhea and
dehydration, or had been found dead in the
enclosure. Necropsies performed by the
referring veterinarian revealed multifocal,
variably-sized, white foci throughout the
splenic and hepatic parenchyma. All affected
monkeys were part of a large, breeding
population maintained by the Behavioral
Sciences Foundation, Estridge Estate, St.
Kitts, West Indies. Maintenance, testing and
all procedures carried out in this facility are
approved by the Animal Care Committee of
the Behavioral Sciences Foundation, acting
under the auspices of the Canadian Council
on Animal Care.

Liver, African green monkey. There are multifocal to
coalescing variably sized 2-8mm white foci scattered
throughout the liver. (Photo courtesy of: Department of
Pathobiology, Ross University School of Veterinary
Medicine, St. Kitts, West Indies, www.rossu.edu)

Gross Pathology: At necropsy, the monkey
was in poor body condition (BCS 2/5), with
scant fat reserves and muscle mass. The
carcass was moderately dehydrated and the
perineum was stained with blood-tinged
feces. Multifocal areas of petechiation were
present throughout the subcutaneous tissue,
and mucous membranes were diffusely pale.
The liver and the spleen had multifocal,
variably-sized (2 mm-8mm) white foci. The
spleen was slightly enlarged. On cut surface,
the foci were moderately firm and had a
caseated appearance (abscessation /necrosis).
The stomach was markedly distended with
gas. The mucosa of the small intestine was


http://www.rossu.edu/

Spleen, African green monkey. There are similar foci
scattered throughout the spleen. (Photo courtesy of:
Department of Pathobiology, Ross University School of
Veterinary Medicine, St. Kitts, West Indies,
WWW.rossu.edu)

diffusely reddened. The cecum and the colon
contained blood-tinged mucus and there were
numerous 1-2 cm white, slender nematodes
present (Trichuris sp.). The mesenteric
lymph nodes were moderately enlarged and
slightly edematous. No other gross lesions
were present elsewhere.

Laboratory results: Bacteria recovered
from hepatic and splenic swabs collected
during necropsy examination were identified
by routine culture and biochemical methods
as gram-negative, cytochrome oxidase-
negative rods. MicrolD Kits identified the
isolates as Yersinia spp. Further molecular
diagnosis provided by amplification and
sequencing of the 16S SSU rRNA gene
confirmed the isolates as Y. enterocolitica.
Leukograms of affected monkeys indicated a
leukocytosis most commonly composed of
monocytosis, basophilia, lymphocytosis
(combined increase in lymphocytes and large
granular lymphocytes), an occasional mature
neutrophilia, and rarely a left shift.
Monocytes were commonly vacuolated.
Lymphocytes commonly had increased
amounts of pale blue glassy cytoplasm, an
occasional reniform nucleus, and more open
chromatin. Large granular lymphocytes were
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commonly larger than a neutrophil with
variable numbers of granules and reniform to
amoeboid nuclei. Neutrophils commonly had
open chromatin and were pale staining.
Dohle bodies, cytoplasmic basophilia, and
vacuolation (toxic changes) were not
common. Many ruptured cells (“basket
cells”) were observed. Increased PCV was
uncommon, and red cell abnormalities
included schistocytes and microcytes; plasma
was often pink-tinged. Platelet clumping was
common. The  biochemical  profile
occasionally indicated cholestasis, less
commonly, hepatocellular damage, and
infrequent increases in UN and phosphorus.

Microscopic Description: Sections of the
liver and the spleen reveal random,
multifocal to coalescing areas of liquefactive
necrosis characterized by extensive loss of
normal tissue architecture and cellular detail.
Areas of necrosis consisted of a central core
of pale eosinophilic and karyorrhectic
cellular debris, degenerate neutrophils and a
pale, eosinophilic, fibrillar material (fibrin)
associated with variably-sized gram-negative
colonies (up to 200um in diameter) of
coccobacilli. Numerous macrophages, and

Liver, African green monkey. There are multifocal to
coalescing areas of lytic necrosis scattered throughout the
two sections of liver. (HE, 5X).



lesser numbers of lymphocytes and plasma
cells surrounded the areas of necrosis.
Additional microscopic lesions present in the
liver include disorganization of hepatic
cords,  centrilobular and  sinusoidal
congestion and a mild periportal lymphocytic
and plasmacytic  hepatitis.  Numerous
hepatocytes and Kupffer cells contained a
yellow-brown granular pigment in the
cytoplasm and small bile casts were
occasionally  observed in  canaliculi.
Additional microscopic lesions present in the
spleen included follicular lymphoid hyper-
plasia and splenic histiocytosis (please note
that not all slides contain a section of the
spleen). Similar microscopic lesions were
present in the mesenteric lymph nodes and
the small intestine (not submitted).

dullary hematopoiesis is present.
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species as an acutely fatal enteric diseas
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Contributor’s Morphologic Diagnoses:
Liver and spleen: Necrotizing and
suppurative  hepatosplenitis,  multifocal,
subacute, with gram-negative bacterial
colonies, African green monkey.

Contributor’s Comment: Yersinia
enterocolitica is a member of the genus
Yersinia, a facultative anaerobic bacterium
from the Enterobacteriaceae family. Yersinia
enterocolitica is associated with diverse
clinical disease manifestations in humans and
a variety of animal species, including non-
human primates.®’

Yersiniosis is an important condition in non-
human primates. Non-human primates are
very sensitive to pathogenic Yersinia, and
yersiniosis has been described in these
e, or

5
e

Liver, African green monkey. Higher magnification of an area of lytic necrosis. (HE, 130X)



as a chronic, debilitating, primarily enteric
disease characterized by anorexia, diarrhea
and weight loss.1 Enteric yersiniosis in
non-human primates is caused by V.
pseudotuberculosis and Y. enterocolitica.
Yersinia pestis, the causative organism of
plague, is thought to have evolved from Y.
pseudotuberculosis and initially  was
considered an enteric pathogen.® Numerous
reports have been published describing
outbreaks of acute fatal yersiniosis with high
morbidity and mortality in captive colonies
of  non-human  primates.’3®>  Host
susceptibility to Yersinia may differ
depending on monkey species.® Outbreaks
are characterized by variable degrees of
weight loss, anorexia, diarrhea and
dehydration. Clinical disease manifestation is
variable, and highly dependent on bacterial
strains.>®

Yersinia spp. are widespread in the
environment. Fecal contamination of water
and the environment, as well as food
contamination, are commonly recognized
sources of infection.!® Pigs, wild rodents,
and wild birds are major reservoirs of
pathogenic Yersinia spp. From the point of
view of public and animal health, additional
sanitary precautions and extreme caution are
necessary in order to avoid intra and
interspecies transmission of pathogenic
Yersinia spp.

The source of infection in this outbreak has
yet to be established, however, wild birds and
rodents were commonly observed around the
enclosures. It has also been postulated that
stress and behavioral factors may precipitate
the presentation of severe clinical disease in
captive populations of non-human primates
since prevalence of infection appears to be
high.14 Age may also be an important factor
in clinical disease manifestation, with
asymptomatic infections being common in
adults.® In the outbreak described, the
majority of mortalities occurred in juveniles;
however as the outbreak progressed, adult
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Liver, African green monkey. Large colonies of bacilli
(arrows) are scattered throughout areas of necrosis. (HE,
200X) (Photo courtesy of: Department of Pathobiology,
Ross University School of Veterinary Medicine, St. Kitts,

West Indies, www.rossu.edu)

monkeys were also clinically affected.

Characteristic postmortem findings reported
in  non-human primates include severe
enterocolitis, necrotic foci in the liver and the
spleen and mesenteric lymphadenitis.>*®
Microscopic findings are characterized by the
presence of multiple necrotic foci of variable
size, containing cellular debris and large
gram-negative colonies of coccobacilli.
Differential diagnoses for bacteria that
appear microscopically as large colonies
include Yersinia spp., Actinomyces spp.,
Actinobacillus spp., Corynebacterium spp.,
Staphylococcus spp. and Streptococcus spp.
(resulting in the mnemonic YAACS).

In this case, the clinical signs, the gross
findings and the characteristic microscopic
lesions were consistent with Yersinia spp.
infection. Amplification and sequencing of
the 16S SSU rRNA gene confirmed the
isolates as Y. enterocolitica. Antimicrobial
susceptibility testing of bacterial isolates
obtained indicated tetracycline, gentamycin,
chloramphenicol, amikacin, imipenem,
ceftiofur, kanamycin,
trimethoprim/sulfamethoxazole, ceftriaxone,
ciprofloxacin, ceftazidime, pip/tazo con 4,
aztreonam, levofloxacin, and cefepime
susceptibility. Isolates were resistant to



sulfisoxazole, amoxicillin/clavulanic acid 2:1
ratio, ampicillin, amoxicillin, erythromycin,
vancomycin, and clindamycin. Outbreak
mortalities were significantly reduced after
tetracycline administration.

JPC Diagnosis: 1. Liver: Hepatitis,
necrotizing, multifocal to coalescing,
marked, with large colonies of bacilli.

2. Spleen: Splenitis, necrotizing, multifocal,
marked with large colonies of bacilli. (spleen
not present on all slides.

Conference Comment:

The genus Yersinia is a member of the family
Enterobacteriaceae and consists of 14 species
and gram-negative bacilli, three of which, Y.
enterocolitica, Y. pseudotuberculosis, and the
causative agent of plague, Yersinia pestis are
pathogenic for humans and nonhuman
primates. An additional species, Y. ruckeri is
a pathogen of fish. Nonhuman primates and
man are considered extremely susceptible to
infection by these pathogens, although Y.
enterocolitica was not considered as a human
or veterinary pathogen until the late 1960s.°
In contrast, a number of domestic and
wildlife species including pigs, rodents, and
wild birds, are and important reservoirs of
these pathogens and considered significantly
less susceptible to their pathogenic effects.
(Interestingly, pork chitterlings (intestine)
have been often identified as a source of
food-borne illness to young children, during
the cleaning and preparation phase.) Y.
enterocolitica has over 60 serotypes, but less
than ten are pathogenic in management and
nonhuman primates. Stress and behavioral
factors may also precipitate the conversion of
asymptomatic  carriage of pathogenic
Yersinia serotypes to active infection; one
case report describing an outbreak of fatal
yersiniosis ~ was  attributed to  the
administration of metronidazole to treat
colony trichomonad infections.*
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It is difficult, if not impossible, to distinguish
the lesions caused by Y. enterocolitica from
those caused by Y. pseudotuberculosis either
grossly or histologically, and advanced
diagnostics (as done in this case) are
recommended in all cases where definitive
speciation is required. One study® suggested
that the pathogenicity of Y. enterocolitica is
lower than that of Y. pseudotuberculosis, as
sudden death may occur in the absence of
clinical signs with the latter. This study
postulates that the ypm gene carried by Y.
pseudotuberculosis (but not Y.
enterocolitica) may encode a superantigenic
toxin resulting in enhanced pathogenicity.

An interesting historical fact about Y.
enterocolitica serogroup 0:8 (a particularly
pathogenic serogroup in both man and non-
human primates) is the story of some of its
earliest outbreaks. In September 1976, two
hundred school children in Holland Patent,
NY, developed nausea, vomiting, diarrhea,
and abdominal cramping. Thirty-six children
were hospitalized, sixteen of whom
subsequently had an  appendectomy.
Contaminated chocolate milk was identified
as the common source in this outbreak.® A
second major outbreak occurred in a coed
summer camp in Liberty, NY, five years
later. At least 35% of 455 campers and staff
members had similar G signs as the previous

Liver, African green monkey. Arterioles and venules are
multifocally occluded by fibrin thrombi. (HE, 100X)



outbreak, with 53% complaining of
abdominal pain.  Appendectomies were
performed on five of the seven campers who
were hospitalized.2 This likely reflects the
affinity of “hot” gram-negative bacilli for
lymphoid tissue, and the ability of this
particular bacterium to mimic a surgical
emergency.

Conference participants discussed various
aspects of the pathogenesis of yersinial
invasion into the GI tract and its affinity for
M cells (similar to other “hot” gram-
negatives), as well as similarities and
differences of Y. pseudotuberculosis and
enterocolitica as compared to Y. pestis
(which has an enteric form with lesions quite
similar to those seen in this case.)
Additionallly, another ruleout for abdominal
infection in African green monkeys,
hypermucoviscous Klebsiella pnemoniae
(WSC 2015, Conference 1, Case 2) was
briefly discussed.

Contributing Institution:

Department of Pathobiology

Ross University School of Veterinary
Medicine, St. Kitts, West Indies
www.rossu.edu

References:

1. Bakker J, Kondova I, de Groot CW
Remarge EJ, Heidt, PJ. A report on Yersinia-
related mortality in a colony of new world
monkeys. Lab Prim Newsletter. 2007;
46(3):11-15.

2. Bronson R, May B, Ruebner. An outbreak
of infection with Yersinia pseudotuberculosis
in nonhuman primates. Am. J. Pathol. 1972;
69(2):289-308.

3. lwata T, Hayashidani H. Epidemiological

014

findings on yersiniosis in nonhuman primates
in zoological gardens in Japan. Japan
Agricultural Research Quarterly. 2011;
45(1):83-90.

4. MacArthur JA, Wood M. Yersiniosis in a
breeding unit of Macaca fascicularis
(cynomologus monkeys). Laboratory
Animals.1983; 17:51-155.

5. Nakamura S, Hayashidani H, Iwata T,
Namae S., Une Y. Pathological changes in
captive  monkeys  with  spontaneous
yersiniosis due to infection by Yersinia
enterocolitica serovar O8. J. Comp Path
2010; 143(2-3):150-156.

6. Sabina Y, Rahman A, Ray RC, Montet, D.
Yersinia enterocolitica: Mode of
transmission, molecular insights of virulence
and pathogenesis of infection. J Path 2011,
1:1-10.

7. Shayegani M, Stone WB, Deforge I,
Deforge I, Root T, Parsons LM, Maupin P.
Yersinia enterocolitica and related species
isolated from wildlife in New York State.
Appl Environ Microbiol 1986; 52: 420-424.
8. Sheyegani M, Morse D, DeForge I, Root
T, Parsons, LM, Maupin PS. Microbiology
of a major foodborne outbreak of
gastroenteritis  caused by  Yersinia
enterocolitica serogroup 0:8. J Clin Mico
1983; 35-40.

CASE Il: BC/EP/NTP (JPC 4023574).

Signalment: 2-year-old female, Wistar-Han,
Rattus norvegicus, rat

History: Tissue from a rat used in used in a
National Toxicology Program (NTP) chronic
toxicity/carcinogenesis study submitted for
peer review. Clinically, the rat was reported
as thin, lethargic, breathing abnormally and
having a ruffled hair coat.


http://www.rossu.edu/

Mesentery, rat. Mesenteric arteries are tortuous and
markedly increased in size. (Photo courtesy of:
Experimental Pathology Laboratories, Inc., www.epl-

inc.com)

Gross Pathology: The individual animal
necropsy record stated that multiple
mesenteric blood vessels were enlarged (up
to 10 x 5 x 5 mm). Other findings included
bilateral granular appearing renal cortices
and a 2 x 15 x 15 mm mass in the left inguinal
mammary gland. The right ovary contained a
10mm diameter clear, fluid-filled cyst.

Laboratory results: None.

Microscopic Description: The section is of
small intestine (ileum) and attached
mesentery. The mesenteric artery is dilated
and has a thickened wall surrounded by a
varying amount of neovascularized
connective tissue (granulation tissue). There
is margination of neutrophils with focal
necrosis of endothelium, inflammatory cell
infiltrates, and variable amounts of fibrinoid
material in some segments/sections. The
tunica media is thickened by fibromuscular
tissue and focal accumulations of
lymphocytes and plasma cells are present at
the periphery. Marked medial hypertrophy
and thrombosis are present in some sections.

Contributor’s Morphologic Diagnoses:
Artery, mesenteric — arteritis and periarteritis,
chronic-active and proliferative, severe with
multifocal necrosis and thrombosis.
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Contributor’s Comment: The slide presents
a typical case of spontaneous periarteritis
(polyarteritis) nodosa of rats. Polyarteritis
nodosa (PN) is a multisystemic, transmural
necrotizing vasculitis of small or medium-
sized muscular arteries.!! PN is the most
conspicuous inflammatory vascular lesion of
rats; the incidence varies among different
strains. Incidences have been reported in the
August (45.4% in males and 43.0% in
females), Fischer 344 (1.8% in male and
0.9% in females), Long-Evans (4.5% in
males and 2.6% in females) and in Wistar
(9.1% in males and 2.6% in females)’ and
spontaneously hypertensive rats (SHR)
(76.1% in males and 10.3% in females).!

In the well-studied SHR rat, PN mainly
affects the spermatic artery, mesenteric
arteries, kidney, adrenal, and pancreas and is
seen less frequently in the tongue,
paratracheal tissue, salivary gland, liver,
esophagus, thyroid, spleen, urinary bladder
and intestine.'? Suzuki, et al. reported that PN
was never seen in the lung, brain and aorta.?
Though PN lesions develop later in the
mesenteric  arteries than in testicular
arterioles, the lesions of PN progress much
faster in mesenteric arteries.'® Lesions of PN
develop earlier and have a higher incidence

Mesentery, rat. At subgross magnifications, mesenteric
vessels are tortuous and walls are thickened up to 5 times
normal. (HE, 5X).



in stroke-prone spontaneously hypertensive
rats (SHRSP) than in stroke resistant
(SHRSR) SHRs.*2 PN lesions are often found
at bifurcations of medium-sized arteries,
small arteries and arterioles.'?

A number of chemicals have been reported to
produce vascular lesions.>®%1%12 Fenoldo-
pam mesylate (FM), a selective post-
junctional dopaminergic (DA1) vasodilator,
causes lesions of large caliber splanchnic
arteries (100-180 micrometers) in the rat
characterized by necrosis of medial smooth
muscle cells and hemorrhage.> FM does not
induce lesions in other vascular beds of the
rat, or in dogs or monkeys.> Dopamine is an
alpha- and  beta-adrenoreceptor  and
dopaminergic receptor agonist.> Dopamine,
like FM, causes hemorrhagic lesions of large
caliber splanchnic arteries in the rat, as well
as fibrinoid necrosis of small caliber arteries
(less than 100 micrometer) of the splanchnic,
cerebral, coronary and renal vascular beds.®
Co-exposure to dopamine and an alpha
adrenoreceptor antagonist
(phenoxybenzamine)  blocked  fibrinoid
necrosis of distal branches of the mesenteric
arcade but increased severity of hemorrhagic
lesions of larger arteries.> Dopamine alone
did not induce medial necrosis and
hemorrhage of the rat pancreatic artery but

g e

Mesenteric artery, rat. Segmentally, the tunica intima is
effaced by bright pink extruded protein which extends in
the tunica media (arrows). (HE, 52X).
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phenoxybenzamine pretreatment resulted in
characteristic lesions of the type induced by
FM at this site.> No rats exposed to dopamine
and a combination of phenoxybenzamine and
a DA receptor antagonist developed arterial
lesions of any kind.® The arterial lesion
produced by FM and dopamine was not the
result of alpha-adrenoreceptor-mediated
vasoconstriction because phenoxybenzamine
pretreatment provided no protection.’

Phosphodiesterases (PDE) are a family of
enzymes responsible for the metabolism of
the intracellular second messengers cyclic
adenosine monophosphate (CAMP) and
cyclic guanosine monophosphate (cGMP).
Phosphodiesterase-4 (PDE4) is the major
CAMP metabolizing enzyme in inflammatory
and immune cells and makes a significant
contribution to CAMP metabolism in airway
smooth muscle cells.® PDE4 inhibition
produces bronchodilation, reduces vascular
leakage in airways and modulates airway
inflammation.®  Some PDE4 inhibitors
produce arterial lesions in the mesentery of
the rat; however, the lesions appear to begin
in the mesenteric fat rather than in the arterial
wall.5

Theophylline, an alkyloid and non-specific
phosphodiesterase inhibitor found in cocoa
and tea, is wused medicinally as a
bronchodilator and has been reported to
induce mesenteric arteritis in male F344/N
rats exposed chronically for 2 years at
75mg/kg and in both sexes in acute (16 day)
studies at 40mg/kg given once daily.” The
mesenteric and pancreatic arteries of rats are
particularly sensitive to excessive vasodilator
activity.’

JPC Diagnosis: Mesenteric artery: Aurteritis,
necrotizing and proliferative, multifocal,
chronic-active, marked, with fibrinoid
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Mesenteric artery, rat. Subjacent to the lakes of extruded protein, the tunica media is hypercellular and smooth muscle is
disordered (black arrows) and the tunica adventitia is markedly thickened with abundant fibrosis and aggregates of

lymphocytes and macrophages (green arrows). (HE, 52X).

necrosis, mural smooth muscle hyperplasia
and marked medial and adventitial fibrosis.

Conference Comment: Lesions consistent
with polyarteritis nodosa are not exclusive to
the rat but have been documented in a wide
range of species including mice, sheep,
raccoons, pigs, dogs, non-human primates,
and man.

While PN in many instances and in many
species is idiopathic, a number of plausible
theories have been purported to explain its
cause. In humans, PN is a disease primarily
of young adults which affects the small-or
medium-sized muscular arteries typically
involving renal vessels but sparing the
pulmonary circulation.? Lesions are very
similar to those seen in this case, down to the

often segmental, non-circumferential areas of
fibrinoid necrosis, with a predilection for
vascular branching points.> Approximately
30% of PN cases in humans or the result of
infection with hepatitis B, as antigen-
antibody complex is within affected vessels
off and are immunopositive for hepatitis B
antigen. 2 The lesions of PN blue foxes
infected with Encephalitozoon cuniculi '
have also been suggested as a potential
infectious cause for the classic Type I
hypersensitivity lesions in this condition.

A number of related theories abound
regarding the development of PN in rats
administered a variety of structurally
unrelated  vasodilators listed in the
contributor’s comments. The reduction in
mural tension of splanchnic vessels in the



face of the positive inotropy caused by these
drugs may result in increased shear forces to
endothelium and damage to the underlying
tunica media, as well as the possibility of
interference with the diffusion of essential
nutrient’s into the wall affected arteries
increasing there are susceptibility to injury.®
In affected rats, mesenteric and pancreatic
arteries are particularly sensitive to these
types of drugs, which may be the result of the
lack of supporting tissue for the splanchnic
vasculature.® It has also been suggested that
arterial necrosis develops due to alternating
dilation and vasoconstriction of these
muscles, which may help to explain the
prevalence of this condition in spontaneously
hypertensive rats.

Phosphodiesterase-inhibiting drugs, which
have positive inotropic effects on the heart,
have also been shown to produce distinctive
arterial changes of the extramural coronary
arteries with subsequent myocardial necrosis
and atrial and endocardial hemorrhage in the
dogs as well® (See WSC 2009-2010,
Conference 2, case lIl). At 7 days of
treatment or less histologic changes include
medial necrosis and hemorrhage, and more
chronic treatment protocols are required to
achieve the proliferative changes of the
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Mesenteric artery, rat. In areas of endothelial loss, there
is polymerized fibrin within the inner tunica media which
stains dark blue (black arrows). A lake of extruded
protein within the tunica media stains less intensely with
this stain (green arrow) (PTAH, 200X)
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intima and adventitia which characterize PN.
Interestingly, associated clinical signs of
fever, weight loss, cervical neck pain, and
neutrophilic  leukocytosis are seen in
idiopathic polyarteritis of beagles (“beagle
pain syndrome”), but not with administration
of vasoactive compounds.?

An interesting view on the development of

1]

Mesenteric artery, rat. There is moderate amount of
fibrosis separating medial smooth muscle cells and
extensive collagen deposition and aggregates of
lymphocytes, macrophages, and plasma cells within the
tunica adventitia (Masson’s trichrome, 200X)

PN in rats following administration of a
phosphodiesterase type for inhibitor was put
forth an article by Mecklenburg et al.® In a
timed dosage study, rats administered a
phosphodiesterase inhibitor developed a
mesenteritis as early as 3 days after the
initiation of drug treatment, which was
characterized by macrophage infiltration,
fibroblast proliferation, neovascularization,
and atrophy and loss of adipocytes (similar to
that seen in this case). A segmental
necrotizing panarteritis was subsequently
seen but only after 3 or 4 weeks of treatment,
and only in a limited subset of individuals.
The authors of this study® postulate that
phosphodiesterase inhibitors do not cause a
primary vasculitis in rats but the predominant
toxic effects are seen in the mesentery, and
that cytokines, growth factors, and other
mediated results of inflammation in the
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http://vp4.afip.org/wsco/wsc_showcase2.php?id=219
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adjacent mesentery may result in vascular
lesions.

A recent article has been published on
spontaneous arteritis and its comparison with
drug-induced arteritis in Gottingen minipigs.
Arteritis is a common background finding in
Gottingen minipigs used in preclinical safety
studies, and is most often seen in cardiac
vessels, vagina, oviduct, rectum, epididymis,
spinal cord, pancreas, urinary bladder,
kidney, and stomach. It is of unknown
etiology, and may be seen in association with
thrombocytopenic purpura syndrome, an
often fatal disease in this breed. The article
discusses the relative resistance of minipigs
to drug-induced arteritis as compared to the
rats, dogs, and monkeys, and the absence of
lesions associated with admonition of
endothelin  receptor  antagonists  and
phosphodiesterase inhibitors.®

The moderator started the discussion by
reviewing a recent article by Bacares!,
detailing an excellent method for the
histologic examination of mesenteric artery
of the rat. A review of special stains for this
case (Masson’s trichrome and Movat
pentachrome) demonstrated a number of
important features including the loss of the

-
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Mesentery artery rat. The external elastic lamina is
largely effaced with small remnants (arrows). (Movat
Pentachrome, 400X).
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internal elastic lamina, discontinuity of the
external elastic lamina, and the marked
fibrosis of the tunica media and adventitia.

Contributing Institution:
Experimental Pathology Laboratories, Inc.,
www.epl-inc.com
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CASE 11l: PV2017 (JPC 4102985).

Signalment: Female NOD-SCID mouse

History: N/A.

Gross Pathology: The kidneys were
described as pale by the technician.
Laboratory results: None.

Microscopic Description: Kidney: The

kidney appears reduced in size. The capsular
surface is irregular and there is a marked
reduction in the number of normal proximal
convoluted tubules. Most of the cortex is
occupied by small tubules lined by cells that
stain more lightly than normal. Many of these
cells have karyomegalic nuclei with
chromatin margination and eosinophilic
intranuclear  inclusion  bodies.  Their
cytoplasm is pale and contains granular
eosinophilic material. Other degenerative
changes seen in the pale tubules include
lining by a reduced number of cells,
flattening, loss and anisokaryosis and
anisocytosis of lining cells and accumulation
of intraluminal debris. There is multifocal
mild to moderate tubular dilation and the

Kidney, mouse: Subgross examination reveals an
irregular outline to the kidney, with the majority of
tubules in all levels of the cortex are hypercellular and
basophilic. (Areas of normal tubules are marked by
arrows.) There are numerous ectatic tubules, primarily in
the deeper areas of the cortex. (HE, 5X)
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dilated tubules show similar degenerative
changes. There is mild multifocal interstitial
fibrosis and scattered accumulation of
granular brown material in tubular lining
cells, and possibly in macrophages.

Contributor’s Morphologic Diagnoses:
Multifocal severe tubular degeneration and
loss with karyomegalic and intranuclear
inclusion bodies

Contributor’s Comment: Karyomegalic
with intranuclear inclusion bodies (INIB) and
chromatin margination in renal epithelial
cells is reported in different types of
immunodeficient mice.2  The condition
appears to affect female more than male mice
and was termed murine inclusion body

021

nephropathy in one reference.? The
distribution of the INIB is reportedly random
but they are more common in the cortex than
in the medulla and concentrate near the
corticomedullary junction.!?

Ultrastructurally, the INIB consist of a
collection of flocculent electron-lucent
material.  No viral particles or other
pathogens haven been identified.»?. Histo-
chemical analysis showed that they are not
composed of nucleic acid or carbohydrate,
leaving protein as the most likely major
chemical constituent.®

Investigations  using PCR  (murine
polyomavirus, papillomaviruses,
circoviruses,  anelloviruses),  immuno-

Kidney, mouse. Tubular epithelial cells are multifocally and markedly enlarged,with nuclear expansion by a homogenous
karyomegalic intranuclear inclusion which peripheralizes the chromatin. Inclusions may or may not fill the expanded
nucleus. (HE, 232X)
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histochemistry (adenovirus) and serologic
tests for a broad range of murine pathogens
were negative.»? Toxic etiology was
suspected, and indeed, cannot be ruled out.
Lead poisoning is a well-known cause of
inclusion bodies in multiple species, but the
INIB in immunodeficient mice are not acid
fast and their ultrastructural features differ
from lead inclusion bodies which have an
electron-dense core surrounded by a zone of
fibrillar structures.!?

Interestingly, the INIB were positive in
immunohistochemistry for heat shock
cognate 70 (Hsc70). This protein is a
molecular chaperone that protects cells from
physical and chemical damage. It is normally
located in the cytoplasm but it can be
recruited to the nucleus, where in concert
with other cellular proteins, it assists repair.
Once nuclear damage has been corrected,
Hsc70 exits the nucleus. Thus, detection of
HSc70 in nuclei with INIB indicates nuclear
damage in these cells, but does not shed light
on the underlying cause.l? The same study
also found that the INIB react specifically
with anti-bovine papillomavirus type 1 L1
antibody, but the weight of the evidence
suggests that the binding is due to a shared
epitope rather than an indication of infection
with murine papilloma virus.?

Kidney, mouse. Tubules within deeper levels of the cortex
are often ectatic, and contain various amounts of
eosinophilic protein and sloughed granular cellular
debris. (HE, 232X)
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Both reports describe inclusion body
nephropathy in sentinel mice.»? and one
report states that the nephropathy did not
appear to affect the health of the mice.* In our
samples, the nephropathic changes are
pronounced and it seems likely that they
would cause compromised renal function.
Unfortunately, biochemical and urinalysis of
this mouse were not carried out. The
occurrence of other lesions in kidneys with
inclusion body nephropathy appears to be
inconsistent.?

In summary, the cause of murine inclusion
body nephropathy is currently not

% g e LY <Y
Kidney, mouse. Two types of inclusions are present in
this section: many large pale amphophilic inclusions
filling the nucleus (arrows) but also occasional (much
fewer) small densely eosinophilic inclusions(arrowheads).
(HE, 400X) (Image courtesy of: Dr. S. Monette,
Memorial Sloan Kettering Cancer Center).

understood. From a practical point of view
the authors of the papers describing this
condition suggested to view them as a
“degenerative change” ! or as part of the
“normal  background  pathology  of
immunodeficient mice”.2

JPC Diagnosis: Kidney, tubular epithelium:
Karyomegaly, with numerous eosinophilic
intranuclear inclusions.

Conference Comment: Shortly after the

publication of the first version of the results
for this conference, the JPC was contacted by
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Kidney, mouse. There is intense staining for viral RNA in abnormal tubules displaying studied. Renal
karyomegaly (1) or ectasia, epithelial attenuation, and luminal debris (2) while morphologically samples were

normal tubules (3) are not stained(Mouse kidney parvovirus RNA ISH, 600x). (Image courtesy
of: Dr. S. Monette, Memorial Sloan Kettering Cancer Center).

Dr. Sébastien Monette, who is part of a multi-
institutional research group that has been
investigating this condition over a number of
years. (Much of the discussion below is the
result of personal communications from Dr.
Monette and Dr. Ben Roediger).

While milder lesions associated with renal
tubular inclusions were previously reported
in mice'?, as discussed by the contributor,
description of the severe form of murine
inclusion body nephropathy (IBN), as seen in
the present case, was first reported in 20174
as part of an article on aging changes in NOD
scid gamma (NSG) female mice. The article
described moderate to marked renal tubular
degeneration and necrosis with two types of
intranuclear inclusions within renal cortical
and medullary tubular epithelial cells
(numerous large pale inclusions filling the
nucleus, and occasional small densely
staining inclusions surrounded by a clear

negative on PCR for
mouse adenovirus 1
and 2, murine cytomegalovirus, and murine
polyomavirus. TEM performed on 2 cases
failed to identify viral particles (similar to the
results obtained on this case at the JPC
following the conference).

Unbiased viral metagenomic analysis of
affected kidneys samples lead to the
discovery of a novel viral sequence, and this
virus was shown to be the cause of murine
IBN in a series of observational and
experimental transmission studies,
performed by scientists in  multiple
organizations, and described in the paper by
Roediger et al®, published a month after the
conference. These findings have finally shed
light on the elusive etiology of a lesion that
has puzzled pathologists for decades. The
etiology of the lesion, an atypical parvovirus,
was shown to cause naturally occurring
morbidity, mortality, and marked lesions in
highly immunodeficient mice such as NSG
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and Ragl knockout mice, and subclinical
infection and mild lesions in immuno-
competent mice and athymic nude mice.

The novel parvovirus, termed “mouse kidney
parvovirus” (MKPV), is highly divergent
from the known mouse parvoviruses, mouse
parvovirus (MPV) and the minute virus of
mice (MVM) and is not detected by serology
and PCR for these viruses. Based on analysis
of its sequence, this virus apparently belongs
to a new genus with the proposed name
chapparvovirus, recently found in bats, wild
rats, and pigs, but without disease
association. In mice, it causes unusual
pathology compared to typical parvoviruses.
Unlike most parvoviruses which tend to
require actively dividing cells to replicate
(intestinal  crypts, hematopoietic cells,
external germinal cells of the developing
cerebellum) this virus replicates
predominantly in renal tubular cells, an
unusual target for a virus of this family. The
infection is chronic, and in immunodeficient
strains leads to progressive tubular injury and
loss, with interstitial fibrosis in advanced
stages, over a period of months.

Attempts at isolating the virus in several cell
lines have failed; therefore a pure inoculum
could not be obtained and Koch’s postulate
could not be fulfilled. The causal relationship
between MKPV and IBN was demonstrate in
this article by a sum of evidence®, including:

- MKPV virus was detected by PCR from
kidney tissues in cases of IBN and never
detected in the kidneys of normal mice.
- By in situ hybridization (ISH) staining for
viral RNA, the virus was detected in kidneys
with IBN but not in normal Kkidneys.
Importantly, within affected kidneys the
staining was localized to abnormal tubules
with karyomegaly and degenerative changes
but not present in normal tubules, suggesting
that that the viruses causes the lesions and is
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Kidney, mouse. There is intense staining for viral RNA of
numerous tubules in the cortex (Mouse kidney parvovirus
RNA ISH, 100x). (Image courtesy of: Dr. S. Monette,
Memorial Sloan Kettering Cancer Center).

not simply a bystander.
- Viral load in urine and kidney, as measured
by quantitative PCR, showed concordance
with clinical progression, histopathologic
severity of lesions, and serum BUN
concentration.

The investigators have found evidence of this
virus in laboratory mice in multiple research
facilities in the US and Australia, in samples
collected over a period of eleven years.
Material from this particular case was sent to
Dr. Monette and evaluated via RNA ISH and
was strongly positive for this virus, with a
staining pattern as previously described,
adding evidence that this pathogen is likely
widespread throughout the world.

While the virus has been identified in
laboratory mice in several facilities, the
prevalence of infection by MKPV within
these facilities was not clear, as detection of
cases was primarily based on histo-
pathological observation of the lesions
followed by confirmation by PCR and ISH.
Because immunocompetent mice develop
much milder lesions that may be missed, and
no clinical signs, determination of the true
prevalence will require surveys by PCR or
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serology. Nevertheless, these findings
suggest that MKPV may have significant
negative impacts on research performed with
mouse models, as it can cause unexpected
morbidity and mortality in  highly
immunodeficient strains, but also because it
may have subtle, but potentially significant
effect on the outcome of research performed
in all mice, including immunocompetent
strains. Further research is ongoing to
determine the impact on this virus on
biomedical research that relies on mouse
models.

Contributing Institution:
Department of Veterinary Resources,
Weizmann Institute of Science
Rehovot 76100, Israel
http://lwww.weizmann.ac.il/vet/
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CASE 1V: 15/191 (JPC 4068156).

Signalment: 19 years old sportpony mare
(Equus caballus)

History: The pony had a history of eye
problems of 2-3 weeks (exact duration not
known). It had a corneal ulcer of the left eye
that increased in severity, with left sided
progressive neurological clinical signs,
external ophthalmoplegia, ceased tear
production, absent corneal sensitivity, dry
mucosal membranes of the left nasal cavity.
Keratitis and uveitis were also noted
clinically.  The neurological clinical
examination indication a lesion affecting
multiple cranial nerves associated with the
ipsilateral fissure orbitalis.

Gross Pathology: In the left eye, there was a
focal extensive ulceration of the cornea with

Y

Cranial nerve and ganglion, horse: Sections of a cranial
nerve (top) and the associated ganglion (bottom) are
largely effaced by a moderately cellular infiltrative
neoplasm. (HE, 5X)
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yellow discoloration of the central and
ventral areas and a narrow rim of intact
cornea laterally and dorsally. At the lower
limbus, there was severe hyperemia. After
removal of the eye, the mandible and the
arcus zygomaticus of the maxilla, the orbital
fissure was inspected. A few small nodular
proliferations, 2-3 mm in diameter, of a light
grey firm tissue was detected associated with
nerves in the area. Multiple sections was
made in the cranium parallel to the optical
canal, cutting the canal from the fissura
orbitalis to the cranial cavity obliquely in
several sections. Nerves within this canal was
thickened with a light grey to white firm
tissue and, in continuation with this, similar
tumor-like tissue was also detected laterally
to the infundibulum of the pituitary gland and
optical chiasm. The left trigeminal ganglion
also appeared grossly to be involved. The
same structures on the right side was
unaffected.

Laboratory results: None.

Cranial nerve and ganglion, horse. Nests of polygonal
cells, rarely making tubules, infiltrate the nerve. Between
nests of neoplastic cells, remaining axons are swollen
(spheroids) with dilated axon sheaths. (HE, 100X)
(Photo courtesy of: Institute of Basic Sciences and
Aquatic Medicine, Norwegian University of Life Science,
School of Veterinary Medicine, www.nmbu.no)
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Microscopic Description: In the trigeminal
ganglion, the tumor tissue to the left of the
pituitary gland, and the above-mentioned
cranial nerves, there was a non-encapsulated,
infiltrative, cell-rich tumor consisting of
squamous epithelial tumor cells growing in
islands and trabeculae with moderate amount
of stroma. The tumor cells were large with
abundant amphophilic to eosinophilic
cytoplasm with keratinization of single cells
or groups of cells, and large round, oval to
irregular nucleus with coarsely stippled
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Cranial nerve and ganglion, horse. Neoplastic cells have
distinct cell borders and a moderate amount of brightly
eosinophilic keratinizing cytoplasm. Similar to
keratinizing squamous epithelium, some neoplastic cells
have numerous vacuoles in proximity(Photo courtesy of:
Institute of Basic Sciences and Aquatic Medicine,
Norwegian University of Life Science, School of

Veterinary Medicine, www.nmbu.no)

chromatin and 1-2 nucleoli with variable size.
Anisocytosis and  anisokaryosis  were
prominent, and there was one mitotic figure
per 10 40X HPFs. In multiple areas, the
tumor cells formed narrow slit-like or larger
irregular cyst-like lumens, often with
papillary epithelial formations. There was a
multifocal mild mononuclear inflammatory
cell infiltrate dominated by lymphocytes and
multifocal mild mineralization in the stroma.
In nerves and in the ganglion remnants
surrounding the tumor tissue, there were
multifocal degenerative changes.
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Contributor’s Morphologic Diagnoses:
Cranial nerves and trigeminal ganglion:
malignant craniopharyngioma, papillary

Contributor’s Comment: Cranio-
pharyngiomas are rare epithelial tumors of
humans and animals arising in the sellar or
suprasellar region. They are thought to arise
in remnants of craniopharyngeal duct
ectoderm that normally forms the Rathke’s
pouch,*8 and they may occur in two forms,
adamantinomatous and papillary, the former
shows  morphologic  similarities  with
odontogenic lesions.® In animals, they
usually consist of solid and cystic areas
composed of cuboidal, columnar to
squamous  epithelial  cells.!  Cranio-
pharyngiomas are usually described as
benign tumors, but some malignant examples
of the tumor have been reported in humans
and anmials.>®

The tumor in this horse was diagnosed as
malignant based on severe pleomorphism and
extensive infiltrative growth. Tumors arising
in the sellar or suprasellar region may cause
different clinical signs depending on which
structures they involve; pituitary hormone
secretion may be affected either due to
compression or involved of the pituitary
gland itself, cranial nerve function deficits
and CNS dysfunction due to extension into
the overlying brain.! In this horse, the cranial
nerve dysfunction was most prominent, and
the clinicians suspected that nerves
associated with fissura orbitalis was
involved. Several cranial nerves enter the
lower medial orbita associated with the
fissura orbitalis and the foramen rotundum,
including the ophthalmic nerve (V1 of
trigeminal nerve, cranial nerve no. 5),
maxillary nerve (V2 of trigeminal nerve),
trochlear nerve (cranial nerve no. 4),
oculomotor (cranial nerve no. 3) and
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abducent nerves (cranial nerve no. 6),
however in the horse there is a separate
foramen for the trochlear nerve, the foramen
trochleare.?® Most, if not all, of these nerves
were affected by the tumor tissue. The tumor
did not exert any pressure on the optic chiasm
and the optic nerve was unaffected. The
pituitary infundibulum and overlying brain
tissue was also unaffected, and in the
pituitary gland there was diffuse hypertrophy
and hyperplasia of the pars intermedia in
addition to a microadenoma of 2 mm in
diameter.

JPC Diagnosis: Cranial nerve and ganglion:
Craniopharyngioma.

Conference Comment:

Craniopharyngiomas are benign tumors that
have primarily been identified in small
animals and laboratory species. Their sellar
or suprasellar location may make them
grossly indistinguishable from other tumors
of the hypophysis such as pituitary
adenomas, and their growth may result in
destruction of the pituitary gland or
hypophysis resulting in clinical signs of

Cranial nerve and ganglion, horse. Some areas of the
neoplasm are populated by smaller, less differentiated
neoplastic cells (upper left). (HE, 100X) (Photo
courtesy of: Institute of Basic Sciences and Aquatic
Medicine, Norwegian University of Life Science, School
of Veterinary Medicine, www.nmbu.no)
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Cranial nerve and ganglion, horse: Neoplastic cells are
strongly immunopositive for cytokeratin. (anti - AE1-
AE3, 400X)

hypopituitarism or diabetes insipidus. These
neoplasms, however, tend to arise in
individuals much younger than expected to
develop tumors of the pituitary pars
intermedia or glandularis.’

Grossly, these neoplasms may advance along
the ventral aspect of the brain incorporating
and effacing cranial nerves as seen in this
case. Extensive growth should not be
interpreted as a sign of malignancy.’

The histological characteristics of this tumor
is unique and does not replicate any other
neoplasm that may be found in this location
of the cranial vault. The distinct features of
keratinization results from the ectodermal
origin of this tumor as previously discussed
by the contributor; and cytokeratin (as
performed in this case at the JPC) should be
strongly positive. Neoplastic cells are also
immunopositive  for  alpha-fetoprotein
suggesting  their embryonic level of
differentiation; however the AFP stain
performed by the JPC was noncontributory,
as it is likely not optimized for equine tissues.

Both solid and cystic areas are often seen in
these neoplasms.” Neoplastic cells will
occasionally form colloid-like structures
containing eosinophilic secretory material
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(but this was not a significant feature in this
case).

Valentine et al.® has suggested that these
tumors be classified as germ cell tumors
rather than craniopharyngiomas. In a study
of five craniopharyngiomas in young dogs,
diagnosis of germ cell tumor is based on 3
criteria: A) a midline suprasellar location, B)
the presence of several distinct cell types
within the tumor, a germ cell phenotype
being one, as well as other cells suggesting
differentiation into a secretory or squamous
phenotype, and C) positive staining for alpha-
fetoprotein.® The AFP run at the JPC was
non-contributory, and neoplastic cells were
negative for NSE, GFAP, and S-100.
(Interestingly, satellite glial cells were
strongly positive for GFAP; enhanced
expression of which has been reported by
satellite glia in response to nerve injury).

Conference participants discussed potential
differentials based on location in the hypo-
thalamus:  pituitary adenoma, suprasellar
germ cell tumor, and craniopharyngioma.
While we strongly considered the
contributor’s diagnosis of malignant cranio-
pharyngioma, conference attendees favored a
benign neoplasm due to the lack of
appreciable pleomorphism or vascular
invasion in the distributed sections or any
description of metastasis in the submitted
history.

Contributing Institution:

Institute of Basic Sciences and Aguatic
Medicine

Norwegian University of Life Science,
School of Veterinary Medicine
www.nmbu.no
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Self-Assessment - WSC 2017-2018 Conference 1

1. Which of the following is considered an extremely susceptible species to pathogenic Yersinia?

a. Swine

b. Rodents

¢. Nonhuman primates
d. Birds

2. Polyarteritis nodosa is seen with the highest frequency in which of the following strains?

a.

b
C.
d

Wistar-Han
August
Sprague-Dawley
Fischer 344

3. Which of the following is inconsistent with phosphodiesterase inhibitor administration in the

rat?

o 0 T o

Positive inotropy

Vasodilation of splanchnic vessels
Increase endothelial shear stresses
Weight loss and fever

4. What is the primary component in non-viral intranuclear inclusions in immunodeficient mice?

a.

b
c.
d

Protein
Viral DNA
Cholesterol
Lipid

5. Craniopharyngiomas arise from which embryological structure?

a.

b.
C.
d

Mesonephros

Rathke’s pouch ectoderm
Proctodeum

Optic vesicle

Please email your completed assessment to Ms. Jessica Gold at Jessica.d.gold2.ctr@mail.mil for grading. Passing score is
80%.This program(RACE program number) is approved by the AAVSB RACE to offer a total of 0.5 CE Credits, with a
maximum of 12.5 CE Credits being available to any individual Veterinary Medical Professionals for the 2017-2018
Wednesday Slide Conference. This RACE approval is for the subject matter categories of: SCIENTIFIC using the
delivery method of NON-INTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize

AAVSB RACE; however, participants are responsible for ascertaining each board’s CE requirements.

RACE does not “accredit”, “endorse” or “certify” any program or person, nor does RACE approval validate the content

of the program.
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CASE I:
4019882).

Signalment: 18-month-old male ferret
(Mustela putorius furo)

21-168-14/12-168-17 (JPC

History: This ferret was first initially
diagnosed with  ferret granulomatous
coronavirus-associated disease at about six
months of age at the private veterinary
referral clinic. Initial clinical findings at that
time included diarrhea, lethargy, anorexia,
and a 4 cm mesenteric mass. Biopsy of this
mass  confirmed a  diagnosis  of
granulomatous coronavirus-associated
disease. The ferret was maintained by
supportive  care including  occasional
antimicrobial therapy to treat diarrhea and
lethargy, sucralfate, potassium supplements,
and hand feedings of highly palatable soft
foods. After continued decline over many
months, the ferret was euthanized one year
after the initial diagnosis and the carcass
submitted for gross and histopathological
examination.

Lung, ferret. Approximately 50% of the section is effaced
by multifocal to coalescing granulomas. (HE 5X)

Gross Pathology: Gross postmortem
findings included multiple firm tan 1-5 m
diameter nodules throughout the mesentery,
bilateral pale cortical pitting lesions on the
kidneys, multifocal coalescing raised white
nodules on the lungs with complete
consolidation of the accessory lobe, and
splenomegaly with pinpoint pitted lesions.



Laboratory results: CBC and serum
chemistry analysis performed at a
commercial diagnostic laboratory revealed
anemia (PCV 23%, reference, 43-55),
leukocytosis  (14x10%um/L) with 89%
lymphocytes, mild hypoalbuminemia (1.6
g/dL; reference, 2.6 to 3.8 g/dL) and mild
hyperglobulinemia (3.6 g/dL; reference, 1.8
to 3.1 g/dL). Abdominal radiographs
revealed a poorly defined area of increased
opacity in the midabdomen apparent on the
lateral but not ventrodorsal views.?

Microscopic Description: Lung: Depending
upon the section examined, there is either
marked diffuse or severe large segmental
effacement and expansion of the normal
pulmonary parenchymal architecture by
variably sized discrete and fairly well
organized nodular foci (granulomas). The
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granulomas/granulomatous foci are
comprised of a central variable sized core of
necrotic cellular debris surrounded by
numerous large epithelioid macrophages
with indistinct cell borders, abundant
granular to vacuolated to clear cytoplasm,
and large oval indented to marginated
nucleus. The macrophages are in turn
encircled by numerous plasma cells,
lymphocytes and fewer neutrophils, which
are in turn encircled by fibroblasts and
variably thick band dissecting fibrous
connective tissue. Variably within the
sections, sparse to abundant non-staining
clear needle like acicular crystals (cholesterol
clefts) are often associated closely with
multinucleated (macrophages) giant cells
(Langhans’ and foreign body type) within the
granulomatous  foci.  The  remaining

Lung, ferret. The inflammatory process is characterized by confluent, poorly formed pyogranulomas or granulomas with a
central core of degenerate neutrophils and cellular debris, surrounded by layers of epithelioid macrophages, in turn
surrounded by lymphocytes and plasma cells. HE, 200X)



discernible alveolar septa and lumen are
expanded by numerous type Il pneumocytes
and large epithelioid macrophages, variable
numbers of plasma cells/lymphocytes,
degenerate neutrophils and necrotic cellular
debris and low to abundant intraluminal
proteinaceous  material (edema). The
bronchial and bronchiolar lumen  when
discernible are filled with eosinophilic
proteinaceous material, mucous, epithelial
and inflammatory cellular debris, associated
variable bronchial epithelial hyperplasia,
dense  peribronchial ~ aggregates  of
lymphocytes and plasma cells. In many
regions, the bronchioles are obliterated by
fibrosis or are severely necrotic and replaced
by inflammatory cellular debris. There is also
prominent lymphoplasmacytic and
histiocytic perivasculitis (mostly
perivenular), and in some instances,
vasculitis characterized by adventitial and
medial expansion by edema and
inflammatory  cells and/ or mild
mural/degeneration/necrosis. Multifocal
moderate alveolar septal necrosis and
interstitial and pleural fibrosis is also noticed.
Rarely, dystrophic calcification and bone
formation is  noticed  within  the
granulomatous foci.

Special stains:
PAS/ GMS:
- Lung: Negative for fungal organisms
Ziehl-Neelson Acid fast stain
- Lung, mesenteric lymph node,
stomach, intestine:  Negative for
acid fast bacilli.
Electron Microscopy:
Mesenteric lymph node:
Ultrastructurally, coronavirus-
like particles were identified in
examined tissues inside
macrophages, either within
cytoplasmic vacuoles or free in the
cytosol (Representative images
provided).
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Lung, ferret. Airways contain abundant proteinaceous
material, moderate numbers of degenerate neutrophis and
are surrounded by profound BALT hyperplasia,
consistent with the clinical history of aspiration. (HE,
100X)

Contributor’s Morphologic Diagnoses:
Lung: Pneumonia, severe, coalescing to
diffuse, chronic, organizing, necro-
granulomatous with multinucleated giant
cells, cholesterol clefts, pulmonary edema
and fibrosis.

Contributor’s Comment: This case is an
interesting example of the recently
recognized ferret systemic coronavirus-
associated disease  resembling  feline
infectious peritonitis  (FIP)-like disease
syndrome in ferrets. This relatively new
disease entity in ferrets was first recognized
in Europe in late 2005-early 2006 >® and
since then has been systemically
characterized in the US > and more
recently identified in Japan®. The clinical
disease and the lesions in all these described
cases are similar to those observed with the
“dry” form of FIP.! The differentials
considered for this case include myco-
bacteriosis and systemic fungal infections,
however no acid—fast bacilli nor fungal
organisms were identified.

Coronaviruses are enveloped,
pleomorphic, positive-strand RNA viruses
with a diameter or 60-220 nm and classified
under the genus Coronavirus within the
family Coronaviridae, order Nidovirales.!
The viral particles typically develop in the
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abundant foamy edema fluid. (HE 211X)

cytoplasm of affected epithelial cells and
macrophages inside vacuoles and form
characteristic radiating peplomer spikes on
the surface of the envelope, a diagnostic
feature in EM,>8-9.16

Ferret coronaviruses can cause two
distinct clinical conditions, namely epizootic
catarrhal enteritis (ECE) in association with
ferret enteric coronavirus (FECV)&1215-16
and the more recent ferret systemic coronal
viral disease caused by ferret systemic
corona virus (FRSCV) with a clinical picture
resembling the “dry” form of feline
Infectious peritonitis (FIP)>!216,  ECE was
first observed in the spring of 1993 on the
East Coast of United States and a detailed
description of the disease and its association
with corona virus was first published in
2000.%® Unlike FRSCV associated FIP-like
disease in ferrets, ECE affects all age groups
and is more severe in aged ferrets.’® ECE is
primarily an enteric disease with lesions
consistent  with intestinal  coronaviral
infection such as vacuolar degeneration and
necrosis of villous enterocytes, villous
atrophy, blunting and fusion, and
lymphocytic enteritis 8121516

Feline coronavirus (FCoV) typically
infects domestic and exotic felids. Two
biotypes of FCoV include feline enteric
coronavirus (FECV) and feline Infectious
peritonitis virus (FIPV). FECV replicates in
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enterocytes causing clinical disease resulting
in diarrhea or an asymptomatic infection,
whereas FIPV replicates in macrophages
resulting in a systemic infection. Both “wet”
and “dry” forms of feline infectious
peritonitis (FIP) occur depending upon the
immune status of the animal. Histologically,
pyogranulomatous inflammation involves
multiple tissues predominantly with a
vasculocentric distribution targeting small
arterioles and venules are hallmarks of this
disease.! In asimilar fashion, ferret systemic
coronaviral disease also causes pyo-
granulomatous to granulomatous lesions and
Jor vasculitis in multiple organs including the
spleen, mesenteric lymph nodes, intestine,
kidneys, brain etc. The common clinical
signs associated with the systemic form
include anorexia, weight loss, diarrhea and
large palpable intraabdominal masses. Less
frequent findings included hind limb paresis
and central nervous system  signs.
Immunoreactivity with FIP feline coronaviral
antigen (FCoV) on paraffin sections and/or
serum samples has been demonstrated by
immunohistochemistry in all these cases
within the granulomas.>%!2%5 1t is thought
that the positive immunoreactivity is due to
cross-reactivity from common antigenic
determinants within different host specific
corona viruses.

In this case, in addition to the lung
lesions, discrete granulomas or coalescing
granulomatous inflammatory foci were also
observed in the mesenteric nodes, mesentery,
pancreas, intestinal serosa and the spleen.
Cholesterol clefts were not observed within
these tissues and multinucleated cells were
also sparse. It is of interest to note that
cholesterol clefts and the associated presence
of numerous multinucleated cells are not
typical of earlier descriptions of this disease
and even in these cases it was primarily a
feature of the lung lesions only and the
underlying pathophysiological basis is



unclear. Immunohistochemistry for feline
coronaviral antigen (FCoV) was not
performed on this case for confirmation time
of submission. However, on electron
microscopic evaluation of the mesenteric
lymph  node granulomas, enveloped
coronavirus-like particles, some with
radiating spikes were identified
within macrophages, either inside
cytoplasmic vacuoles or free in the cytosol.
In this individual, the kidneys exhibited
predominant plasmacytic interstitial nephritis
with occasional granulomatous foci and
severe chronic glomerulonephritis and mild
perivasculitis. The distribution and nature of
the lesions can mimic those seen with chronic
Aleutian disease (AD) caused by distinct
parvoviruses in minks and ferrets. AD is
characterized by progressive wasting, weight
loss, hypergammaglobulinemia,
plasmacytosis, interstitial pneumonia in
young Kkits, chronic glomerulonephritis,
lymphoplasmacytic interstitial nephritis and
prominent arteritis involving kidneys and
other organs.** However, in this case we
did not have information on the tests for
immunoglobulin  levels nor additional
serology or viral diagnostic tests to rule out a
concomitant chronic  Aleutian disease.

JPC Diagnosis:

Pneumonia, interstitial,
multifocal to

1. Lung:
pyogranulomatous,
coalescing, severe.

2. Lung: Bronchopneumonia,
neutrophilic and necrotizing,
multifocal, mild, with marked BALT
hyperplasia and intrabronchiolar
proteinaceous material.

3. Lung: Pneumonia, interstitial,
histiocytic, multifocal, mild, with
intraalveolar Pneumocystis
trophozoites and cysts.

4. Lung, subpleural alveoli:
Histiocytosis, focally extensive, mild
(endogenous lipid pneumonia.)
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Conference Comment:

Since the submission of this case and 2012
for consideration in the Wednesday Slide
Conference, there has been extensive
additional work in the investigation of this
important disease of both patent and
laboratory ferrets. This particular case itself
was published as part of a 5 case study by
Autieri et al. in 2015.2 This review was
composed of animals from multiple sources
including private pets as well as laboratory
animals from accredited facility. In addition
to identifying cases from seven countries on
four continents.  The literature review for
this publication also identified an interesting
report from Denmark in 1951 of a
syndrome in 142 ferrets, many less than a
year of age, with strikingly similar clinical
signs and pathologic findings. The
syndrome, known as ends are wanted
malignant granulomatosis, demonstrated
granulomatous inflammatory changes in
lymph nodes, spleen, and liver and
histochemical stains failed to disclose the
presence of bacteria, fungi, and protozoa as
well as negative cultures for  aerobic,
anaerobic, and mycobacterial bacilli.!!

Continuing  investigation ~ of  ferret
coronavirus-associated disease, which has no
definitive treatment and is considered
invariably fatal in affected individuals, has
resulted in the sequencing of the viral
genome of two different FECRV strains in
Japan.t This work has determined that the
virus shares 50-69% nucleotide sequencing
with known coronaviruses suggest doing that
the ferret enteric coronavirus (FRCoV) might
be classified as a new species in the genus
Alphacoronavirus.® additionally, and
enzyme-linked  him  enzyme  linked
immunosorbent assay (ELISA) using
recombinant partial nucleocapsid proteins of
the FRCoV Yamaguchi-1 strain  was
developed to establish a method for detection
of FRCoV from blood sampling.’® Not



. 2R B e

Lung, ferret. Ultrastructural examination of macrophages from the center of one of the granulomas reveals coronaviral
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particles free within the cytoplasm. (Photo courtesy of: Massachusetts Institute of Technology, 16- 849, Division of
Comparative Medicine, 77 Massachusetts Ave, Cambridge, MA 02139. https://web.mit.edu/comp-med/)

surprisingly, as anyone who was worked with
this virus can understand, 89% of tested
ferrets in Japan have been infected with ferret
coronavirus.°

In Spain, Doria-Torr et al® investigated the
inflammatory ~ response and  antigen
distribution of FRCoV infection and
compared it to similar studies of FIP in cats.
The group identified four distinct types of
granulomas in affected animals including
those with necrosis, without necrosis, with
neutrophils as a central core, and diffuse
granulomatous inflammation, very similar to
the inflammatory response demonstrated by
cats infected with mutated coronavirus.
Close inspection of the slide submitted for
this case will demonstrate most, if not all of
the various types of granulomas discussed in

this paper. The authors® postulate that the
various morphologies might be a
consequence of different episodes of viremia,
as described in cats with FIP. The authors
also noted that vasculitis was an uncommon
finding, which has been noted in other
reviews of this disease. Other FIP-like
syndromes that have recently been described
in single case reports since the submission of
this case include pyogranulomatous pano-
phthalmitis as well as membrano-
proliferative glomerulonephritis.

Additional clinicopathologic features of
ferret coronavirus infection that bear mention
in review includes the progressive nature of
this disease of juvenile and young adult
ferrets which has an average survival time
following diagnosis of 69 days®>. The most
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common clinical signs of affected ferrets
include weight loss, a palpable intra-
abdominal mass or masses, lethargy and
anorexia.® Hematologic  findings are
nonspecific for this disease and many may be
within normal reference levels; the most
common hematologic  abnormality in
affected animals is a  polyclonal
gammopathy.® Histologically, Garner at al
review many of the same lesions noted in this
particular case, however their study
identified inflammation involving the
adventitial and medial tissue next of small
veins and venules®, which was not
particularly prominent in this slide. The EM
findings in this study® are similar to those
noted by the contributor of this case, with
intracytoplasmic virus particles found free
within the cytoplasm of macrophages within
the center of granulomas.

Careful inspection of the regions of the
section in which granulomatous
inflammation is not present (and in which the
primary lesion is marked alveolar edema, will
disclose the presence of numerous vacuolated
histiocytes admixed with fewer lymphocytes
in the alveoli immediately (<1mm) subjacent
to the pleura. This is a characteristic
incidental finding in ferrets, resulting from
endogenous lipid pneumonia.

The composition of the JPC morphologic
diagnosis above, due to  multiple
simultaneous pathogeneses in the submitted
tissues, was a subject of spirited debate. The
attribution of secondary inflammatory
changes to a particular etiology was further
complicated due to the history of prolonged
therapeutic immunosuppression. The JPC
tradition of assigning a separate morphologic
diagnosis to each distinct process was
ultimately upheld in the post-conference
signout session.
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CASE 11: 13V1542 (JPC 4034956).

Signalment: 1 year old, female, Hereford
heifer

History: Tissue samples sent in formalin
from a post-mortem done by the referring
veterinarian from Victoria, Australia, in
March 2013 with the following history. 14
months old Hereford heifers in good
condition in high country on lush green
pasture. Vaccination program and
management good and properly done. 1 x
died 6 days ago. Lost 6 last year from this
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Liver, ox. A section of liver with a retiform pattern of
periportal hemorrhage is submitted. (HE, 5X)

paddock. Dead on arrival. Showed ataxia
before died.

Gross Pathology: Submitted by referring
veterinarian. Petechiae through omentum.
Abomasum petechiae and filled with
brownish blood-tinged fluid. Petechiae and
ecchimoses on pericardium, epicardium and
endocardium.

Laboratory results: None.

Microscopic Description: Liver; severe
periportal hepatocellular necrosis extended
throughout all liver sections examined and
involved up to 50% of the hepatocytes in each
lobe. The degenerate hepatocytes had been
replaced with blood and neutrophils. Portal
areas contained moderate biliary hyperplasia
and mild neutrophil infiltration.

An unidentified artifact similar to acid
hematin was present throughout all sections.

Contributor’s Morphologic Diagnoses:
Liver; severe acute disseminated periportal
hepatocellular necrosis, moderate biliary
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hyperplasia and moderate neutrophilic
hepatitis.

Contributor’s Comment: The hepatic
lesion is very severe and sufficient to explain
the sudden death of the heifer. Periportal
hepatocellular necrosis is a relatively rare
lesion in cattle and is typical of ABLD (acute
bovine liver disease). ABLD typically strikes
in autumn in the south eastern areas of
Victoria, Australia and affects dairy and beef
cattle. Clinical signs of the disease include
decreased milk yield and sudden death with
photosensitization developing in survivors.
The cause is presumed toxic but the agent has
never been defined.

It has been associated with rough dog’s tail
grass (Cynosurus echinatus), but no toxic
agent has been found in this grass. The
known phytopathogenic fungus Drechslera
biseptata has been isolated from C. echinatus
collected at the time of, and from the sites of,
outbreaks of ABLD and is tentatively
associated with its pathogenesis®. Whether
there are other hepatotoxins involved is not
known. An attempt to reproduce the disease
in cattle by feeding Cynosurus echinatus
mixed with an inoculum of Drechslera
biseptata grown from an isolate taken from a
previous outbreak of ABLD was not
successful?.

The petechiation described in the history is
also a common PM change of this condition.
The slides contained an artifact similar to
acid hematin but could not be removed with
the usual laboratory treatment for acid
hematin. The artifact was not identified.

JPC Diagnosis:  Liver: Hepatocellular
necrosis, periportal to midzonal, diffuse, with
hemorrhage.

Conference Comment: Although there is
current heightened sensitivity among cattle
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Liver, ox. A portal area is at left, and centrilobular vein at right. Periportal hepatocytes are individualized, many lost, and

largely replaced by hemorrhage. Kupffer cells and sinusoidal architecture remains. Hemorrhage extends into the portal areas
as well. At right, midzonal and centrilobular hepatocytes are mildly swollen by numerous distinct small lipid vacuoles,

occluding sinusoids. There is abundant acid hematin. (HE, 167X)

producers in Australia and New Zealand to
the clinical effects and implications of acute
bovine liver disease, intensive research into
its pathogenesis has not yet been published.
An excellent review by Reed et al.* was
published subsequent to the submission of
this case and is summarized below.

Acute bovine liver disease (ABLD)
commonly formerly known as phytotoxic
hepatitis, affects grazing beef and dairy cattle
regardless of age, sex or breed. Clinical signs
consistently include an initial drop in milk
production, photosensitization, an altered
behavior such as seeking shade on overcast
days. Depression, pyrexia, appetite loss, and
agitation may be observed in some cattle, and
acute cases may result in death prior to
display of clinical signs. Serum

biochemistries are nonspecific, including
marked elevation of aspartate transaminase,
glutamate dehydrogenase, and moderate
increases in gamma-glutamyl transpeptidase
activity. Histologic features of acute disease
are as seen in this slide, with periportal
necrosis as a characteristic feature. The
pathology seen in chronic cases has yet to be
described.*

The nonspecific signs and lesions as well as
the sporadic and unpredictable nature of
deaths with this condition complicate the
investigation of ABLD  occurrences.
Outbreaks often occur on pastures which
contains senescent rough dog’s tail grass
(Cynosurus echinatus), however this plant is
found worldwide and does not appear to
cause illness on its own. Feeding trials with
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this plant have demonstrated no ill effects in
several studies.

Because of the similarity of the epidemology
of ABLD to other mycotoxicoses, fungal
infections of rough dog’s tail grass are
suspected. The most common fungal species
identified in ABLD occurrences include
Colletotrichum graminicola and Drechslera
sp. aff siccans, with D. biseptata and
Colleotrichum sp. aff. coccodes were also
identified less commonly. As Colletotrichum
sp., has not been reported to produce
mycotoxins, leaving Dreschlera as the more
likely candidate. Aslani et al. identified in
vivo hepatotoxicity from extracts of the
spores and mycelia of D biseptata who’s
mass spectral profile implies a cytochalasin-
like activity in rat hepatocytes in vivo. This
research also demonstrated a lower level of
toxicity from spores alone as compared to
extracts from myecelia, or mycelia and spores
combined.

As most ABLD occurrences occur in the
autumn, current thought is that weather
change may stimulate production of fungal
toxins or toxic spores in infected grasses.
Cattle producers are recommended to be
vigilant for signs of disease in this time of the
year when cattle are grazing high risk pasture.
Additionally, sheep may be used to graze out
a high risk pasture, as they do not appear to
be susceptible, or at least less susceptible to
the effects of the putative toxin.

Periportal hepatocellular necrosis is an
uncommon pattern of hepatocellular injury
caused by a limited subset of toxins in
veterinary medicine.? The majority of these
toxins may not require metabolism by the
mixed function oxidases of centrilobular
hepatocytes, and simply overwhelm the
initial hepatocytes they encounter as they
enter the liver from the portal venous
circulation. Other toxins may simply require
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metabolism by the limited amounts of
biotransforming enzymes enzymes present
within periportal hepatocytes to exert their
effect. Additionally, periportal necrosis may
be seen in toxins that are excreted in the bile,
and there are damage is enhanced by
cholestatic disease. Toxins which have been
identified in veterinarian medicine as
characteristically resulting in periportal
necrosis include elemental phosphorus, allyl
alcohol, and  boobialla  (Myoporum
tetandrum) another toxic plant found in
Australia  which  contains  furanoid
sesquiterpene oils as the toxic principle.

The lack of traditional descriptors for
chronicity and severity is a consequence of
the choice of the term “necrosis™ as the main
feature of this slide. As necrosis is neither
acute nor chronic, nor are there levels of
severity of necrosis, we generally do not use
these terms as modifiers. An estimation of
extent of necrosis is probably more
appropriate than “severity” in these cases,
and diffuse gives an excellent picture of the
extent of necrosis seen here, with all
periportal hepatocytes in the section being
necrotic.

Contributing Institution:
Gribbles Veterinary Pathology
1868 Dandenong Rd,

Clayton VIC 3168

Australia
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CASE 111: VPL 1 (JPC 4066919-00).

Signalment: A 12-year-old female spayed
Galgo Espariol, dog, Canis lupus familiaris

History: During a routine dental cleaning
procedure, a polypoid pedunculated mass on
the left palatine tonsil was discovered. The
mass has been removed surgically. There
have been no other signs of illness during
clinical examination.

Gross Pathology: Submitted by referring
veterinarian.  Petechiation was  seen
throughout the omentum.  There were
petechiae in the abomasum which was also

Tonsil, dog: Gross morphology reveals a pedunculated
and polypoid appearance and a delicately nodular
surface. (Photo courtesy of: Institute of Pathology,
Faculty of Veterinary Medicine, University of Leipzig,
Germany http://patho.vetmed.uni-leipzig.de)
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filled with brownish blood-tinged fluid.
There were petechiae and ecchymoses on
pericardium, epicardium and endocardium.

Laboratory results: None.

Microscopic Description: The mass mainly
consists of soft tissue and is covered by a
nonkeratinized  pluristratified epithelium
showing variable degrees of hyperplasia. The
epithelium multifocally shows mild to
moderate intracellular oedema and there also
is a mild to mainly moderate epitheliotropism
of mainly lymphocytes but also some
neutrophils. Multifocally, the epithelium
tends to form crypts which are filled with an
eosinophilic material, scaled off epithelial
cells, lymphocytes, neutrophils and cellular
debris. There are multiple densely-arranged
subepithelial areas consisting of
mononuclear cells, which can be identified as
well-differentiated  slightly  anisocytotic
lymphocytes and a few plasma cells.
Partially, the lymphocytes form follicular
nodules which show an appearance of
primary and secondary lymphoid follicles.
Altogether, the histomorphologic structures
resemble tonsillar tissue, which is consistent
with the localization of the tumor. The center
of the mass is formed by collagenous
connective tissue, which shows mild to
moderate edema. Embedded in that fibrous
stroma, numerous dilated and ectatic vascular
structures can be seen. Some of them are
filled with erythrocytes and resemble arterial
and venous blood vessels. Others, mostly
thin-walled, are filled with varying amounts
of slightly eosinophilic fluid and a few
cellular components (lymphocytes and
macrophages) or they appear to be empty.
These vascular structures may be identified
as lymphatic vessels. All of the vessels are
lined by a one-layered well-differentiated
endothelium. In some slides, there are
seromucous glands at the base of the mass,
which seem to be salivary glands.

12



Contributor’s Morphologic Diagnoses:
Tonsil: lymphangiomatous tonsillar polyp

Contributor’s Comment: To characterize
the involved cellular components an
immunohistological ~ examination  was
performed.  The  lymphocytes  were
immunopositive for CD3 and CD79a and
showed the expected distribution patterns for
tonsillar tissue. Some of the cells mostly
adjacent to small vessels or inside of
supposedly lymphatic vessels could be
identified as macrophages via expression of
MAC387 and lysozyme. While blood vessels
often could easily be identified due to the
presence of intravascular erythrocytes or
thick vascular walls, there were some
difficulties in the direct differentiation of
lymphatic vessels and thin-walled venous
vessels, especially when they appeared to be
empty. For that reason, the endothelium was
immunolabeled using markers specific for
lymphatic endothelium (LYVE-1 and Prox1.°
While not all lymphatic vessels were
immunopositive regarding LYVE-1

(Lymphatic vessel endothelial hyaluronan
receptor 1), Prox1 (Prospero homeobox 1)
was widely expressed by the lymphatic
vessels in the tissue sample, which is
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consistent with the findings of previously
performed studies on immunohistochemical
labelling of blood and lymphatic vessels in
dogs?®.

The pathogenesis of lymphangiomatous
tonsillar polyps is still unclear. There are
different theories about the origin of this
benign proliferation. Because of the
haphazard proliferation of components which
are usually found in the tonsil they are
discussed to be hamartomatous
proliferations® and therefore classified as
malformations. One author sees them as the
result of lymphatic obstruction with
consecutive congestion and mucosal prolapse
finally forming the polyp!!. In veterinary
medicine those polyps are also considered
being a result of chronic recurrent tonsillitis
and are regarded as inflammatory polyps
which occur infrequently in old dogs®.
Anyhow, the definite cause remains
uncertain.

As in this case such polyps are often
undiscovered for a long period of time. They
can be asymptomatic or, probably when large
enough, they may cause dysphagia®, non-
productive cough!' or a sore throat. In

Tonsil, dog: The cut surface shows an oedematous fibrous stock and multinodular white foci in the margin areas. (Photo

courtesy of: Institute of Pathology, Faculty of Veterinary Medicine, University of Leipzig, Germany http://patho.vetmed.uni-

leipzig.de)
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human medicine, the complete surgical
excision is normally curative and there
usually are no recrudescences.®

This case shows that such benign
proliferations might be considered as
differential diagnosis when there is a
unilateral mass of the tonsils, especially
concerning  tonsillar ~ squamous  cell
carcinoma, even though regional lymph
nodes are usually enlarged early in such
cases.’

JPC Diagnosis: Tonsil:
giomatous polyp.

Lymphan-

Conference Comment: The contributor has
provided an excellent review of this
uncommon but morphologically unique
lesion often seen in association with chronic
tonsillitis in older dogs.

The tonsil samples antigens which are
dissolved in the saliva, and develops immune
responses akin to other lymphoid organs
throughout the body. A layer of non-
keratinizing squamous epithelium provide
barrier function for the tonsil.*°

A unique feature of the tonsils is their lack of
afferent lymphatic vessels. This prevents
them from being effective lymphoid filter for
structures in the oral cavity (which drains
instead primarily to pharyngeal and

Tonsil, dog: Subgross examination of the submitted polyp
reveals a marked expansion of the connective tissue
component by abundant clear space. There is moderate
follicular hyperplasia. (HE, 7X)
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submandibular nodes)?, but also significantly
reduces the possibility of finding metastatic
tumors within the tonsils. As a general rule,
tonsillar neoplasms arise from tissues native
to the tonsil itself- squamous cell carcinoma,
lymphoma, and rare tumors of the vascular
and lymphatic endothelium.

The tonsils also serve as a reservoir or portal
vein treated for a variety of viral and bacterial

=2

Tonsil, dog. Clear spaces are endothelial lines
(presumably lymphatics) and are separated by loosely
arranged fibrous connective tissue which contains few
lymphocytes and plasma cells. (HE, 198X)

agents.'® A number of viral agents including
pseudorabies in swine and parvovirus in
carnivores may utilize the tonsil as an initial
site of replication and dissemination.
Depending upon the particular virus and
stage infection, either involution or
hyperplasia of tonsillar follicles may be the
result. A significant percentage of swine
carry Erysipelothrix rhusiopathae,
Streptococcus suis, and various species of
salmonellae within the tonsils as well.0
Additionally, the scrapie-associated prion
protein has been identified in tonsillar tissue
as well .10

The lymphoid changes seen in the tonsils
parallel those seen in reactive lymph nodes
with a number of primary follicles
surrounding tonsillar crypts. Following
antigenic  stimulation, development of
secondary follicles with mantle zones
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extending in the direction of the antigenic
stimulus will occur, as well as marked
expansion of the interfollicular lymphoid
tissue. The majority of histologic changes
seen in the biopsy samples of excised tonsils
will be chronic in nature; acute tonsillitis is
rarely if ever seen. The presence of
neutrophils within crypts, crypt epithelium
and most importantly with in the parenchyma
of the tonsils is required for the diagnosis of
acute tonsillitis. The histologic changes of
chronic tonsillitis are indistinguishable in
most cases from tonsillar hyperplasia.

An appropriate ruleout in this case would be
that of a lymphangioma. Lymphangiomas
are uncommon benign proliferations of
lymphatic derived thin walled cystic spaces
often filled with pink, watery proteinaceous
fluid.*? These benign tumors may be found as
isolated findings in lymphoid tissues
including the lymph node and spleen. The
abundant fibrous connective tissue seen in
lymphangiomatous polyps is generally not a
feature of lymphangiomas, and provides
additional support as tonsillar lymphan-

Tonsil, dog: Endothelial cells of dilated lymphatic vessels
exhibit strong immunopositivity for LYVE-1, while
endothelial cells of blood vessels are immunonegative.
(Nomarksi Differential Interference Contrast microscopy,
400x) (Photo courtesy of: Institute of Pathology, Faculty
of Veterinary Medicine, University of Leipzig, Germany,
http://patho.vetmed.uni-leipzig.de)
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giomatous polyps are hamartomatous lesions
rather than true neoplasms.®

A very interesting, morphologically distinct
lesion of lymphoid tissue that is occasionally
seen in the dog and cat is vascular
transformation of lymph node sinuses
(previously  referred to as  nodal
angiomatosis). This lesion has not yet been
reported in the tonsil as of yet. Gelberg and
Valentine reported this change in association
with thyroid carcinoma in a dog. 4 Vascular
transformation of lymph node sinuses is a
pressure-induced non-neoplastic conversion
of nodal sinuses into anastomosing vascular
channels. The inciting pressure is often the
result of obstruction of venous or hilar
lymphatic drainage and has been reported in
humans in association with a variety of
neoplasms, as well as various forms of
venous obstruction. Vascular transformation
may take a variety of appearances believed to
be the result of a continual related to the
duration and degree of venous or lymphatic
obstruction.* The plexiform pattern, the most
commonly reported in animals, presents as a
mass lesion composed of interconnected
mature vascular channels, a flat endothelial
cell lining, and a low mitotic rate.!° More
chronic cases are associated with increased
amounts of collagen separating proliferating
vessels. In a second variant, the round
vascular type, vascular changes are usually
empty or contain amorphous material
presumed to be lymph'®. A recently
published review by Xu et al., excellently
describes this and other vascular and stromal

proliferations in the lymph nodes of humans.
12

Contributing Institution:

Institute of Pathology, Faculty of Veterinary
Medicine, University of Leipzig, Germany
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Tonsil, dog: Endothelial cells of dilated lymphatic vessels
label intranuclear immunopositive for Prox1, while
endothelial cells of blood vessels are immunonegative
(Nomarksi Differential Interference Contrast microscopy,
400x) (Photo courtesy of: Institute of Pathology, Faculty
of Veterinary Medicine, University of Leipzig, Germany,
http://patho.vetmed.uni-leipzig.de)
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CASE 1V: 1/12 (JPC 4066919-00).

Signalment: Ten-month old, mixed breed,
female spayed, canine

History: Multiple diffuse papules. No
pruritus.

Gross Pathology: Not available.

Laboratory results: None.

Microscopic Description: Haired skin: All
sections  have  similar  histological
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Haired skin, dog. Multiple expansile nodules containing
proliferative follicular epithelium are present within the
superficial dermis. (HE, 5X)

characteristics with variations in intensity.
The epidermis is minimally hyperplastic to
normal. There is formation of multiple raised
dermal nodules, varying from 0.5 to 2mm in
diameter. The nodules consist of a large
dilated hair follicle with hyperplastic
epithelium forming arborizing cords growing
into a perifollicular accumulation of
myxomatous material. The latter constitutes
the bulk of the mass and produces its nodular
shape. In several nodules there is a central
20-50pm thick band of deep eosinophilic
hyaline material. This hyaline band
surrounds a focus of necrotic debris, or, in
rare follicles, a degenerated mite larva. There
is minimal superficial perivascular dermal
mononuclear cell infiltration.

Contributor’s Morphologic Diagnoses:
Skin, Arborizing follicular hyperplasia with
myxomatous degeneration and dilation,
intrafollicular hyaline material and arthropod
larvae, canine, mixed breed - findings typical
of canine straelensiosis

Contributor’s Comment: Infection with the
trombidioid mite Straelensia cynotis has been
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reported in dogs in France, Portugal and
Spain.2*1% The findings described in these
reports are virtually identical to several cases
we have seen in Israel.

Straelensiosis is a trombidiosis caused by the
“chigger” mite Straelensia cynotis, and is a
relatively newly described etiology for
nodular dermatitis in dogs in the Old
World.>*1° Nodular trombiculiasis has also
been described in white tailed deer and
birds.>” The findings are similar to those
described for the dog. The first publication of
the morphologic characteristics of these
mites was by Le Net and Fain who proposed
the classification of a new species: S. cynotis,
superfamily Trombidioid, family
Leeuwenhoekiidae. Straelensiosis was first
identified as a cause of nodular dermatitis in
dogs in France by Le Net et al.**

In general, the nymphs and adults of
trombiculid arthropods are free-living, or
parasitize plants or other arthropods. The
parasitic stage is the larvae which are known
as ‘harvest mites’, ‘chiggers’ or ‘red bugs’.>°
Infected animals may present with
accumulation of orange granular material or
pin-sized red spider-like foci in the canthi of
the eyes.>>® The larvae attach themselves to
areas of the host’s skin in contact with the
ground e.g. legs, feet, head, ears or ventrum
and make a tunnel to the epidermis, called
stylosome, through which salivary enzymes
are injected and digested tissue fluids are
withdrawn. The larvae engorge through a
period of 3-5 days after which they drop off
to become nymphs and complete their life
cycle in the soil. Wild mammals are the usual
hosts for trombiculid mite larvae, but pets
and people may be accidentally infected.3®

The histologic finding in skin infection with
trombiculid larvae is the presence of tunnels
within the stratum spinosum or stratum
corneum, inducing degenerative and
hyperplastic changes in the epidermis. The
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Haired skin, dog. Higher magnification of the perifollicular nodules shows marked pseudoepitheliomatous hyperplasia of

follicular epithelium. (HE, 51X)

stylostome is described as a hyalinized tube
oriented vertical to the skin surface.?

It is thought that the fox is the normal host for
Straelensia and that hunting and rural dogs
are predisposed to aberrant infection.* There
is a clear geographical pattern of infection in
certain areas within the countries reported
and an obvious tendency for infection to
occur in the fall and spring.” The nodules may
last 1 to 12 months. On average, they are
reported to last 3 months,* which is much
longer than the course described for chiggers
in the US. The follicular reaction to the
presence of the larvae is highly characteristic
and allows diagnosis to be made in the
absence of larvae in the section. The follicle
is dilated and contains a ring of hyalinized
material identified as the stylosome.*81% The
follicles exhibit epithelial hyperplasia with

formation of arborizing epithelial cords
within a perifollicular accumulation of
myxomatous material. 48  Associated
pyogranulomatous, suppurative and
eosinophilic  perifollicular infiltration is
described. 4810

In this particular case inflammation is
negligible, but we have observed pyo-
granulomatous and suppurative perifollicular
inflammation in most of the dogs infected in
Israel.

Prognosis is variable.? 8% Some dogs may
run the course of the infection and have
spontaneous regression. Some respond well
to antiparasitic shampoos or Ivermectin
injections, but some dogs are reported to
present with persistent infection and no
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Haired skin, dog. Further magnification of a dermal
nodule demonstrate pseudoepitheliomatous hyperplasia of
follicular epithelum which is bounded by a vascular
myxomatous dermis. Inflammation, however, is minimal.
(HE, 100X)

apparent response to therapy.? #8190 This may
represent continuous exposure.

In our experience in lIsrael, infection is most
common in the northern and in the Jerusalem
areas, (both of higher altitude), in the spring
and winter. Response, as described in the
European reports, is variable but most dogs
appear to respond well to pesticide
shampoos.

JPC Diagnosis:  Haired skin, follicles:
Pseudoepitheliomatous hyperplasia,
multifocal, severe, with marked perifollicular
mucin, and occasional intrafollicular
trombiculid larvae.

Conference Comment: The contributor
provides an excellent description of changes
associated with most common trombiculid
mite infections, however the histologic
findings of S. cynotis are quite different than
traditional trombiculid mite infections.
While other trombiculid mites generally
attach to the surface epidermis, the larva of S.
cynotis live and feed with in follicular ostia.
They are separated from the wall of the
follicle by the highly characteristic
stylosome, a proteinaceous tube secreted by
the mouthparts of the larval mite, through
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which the larva feeds by repeated cycles of
extrusion of digestive salivary fluids
followed by suction of digested tissue and
tissue fluids.® The extensive pseudo-
epitheliomatous hyperplasia of follicular
epithelium and perifollicular mucinosis are
additional histologic features which allow for
the diagnosis of S. cynotis infection even in
the absence of the larval arthropods. The
larval forms of this parasites may be absent
in treated cases or following the completion
of the larval stage (as nymphs and adults are
free living stages).®

Another interesting fact about infection by S.
cynotis is the almost total lack of dermal
inflammation in response to the presence of
the parasite. This may be the result of the
intra-follicular location of the mites as well
as a total enclosure by the presence of the
stylosome.®

A number of arthropod and helminth
parasites inhabit hair follicles. By far the
most common genus is that of Demodex.
which are normal inhabitants of hair follicles
and sebaceous glands in most mammals,
including humans. Interestingly, their

position within the hair follicle is invariably
head down.® Demodex sp. are obligate
parasites which complete their entire life

ﬁéirréd‘skiri‘, dog. The adjacént perifollicular dermis is
extremely myxomatous with infiltration of few
muciphages. (HE, 122X)
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cycle on the host and are usually transmitted
from mother to offspring within the first 3
days of life through close physical contact
while nursing. Demodex mites, unlike
trombiculid mites, feed harmlessly on
sloughed cells, sebum, and epidermal debris.
These mites may move from follicle to
follicle, and transmission likely occurs while
in transit.  Prolonged sojourns on the
epidermis may result in death of the mite
through desiccation.®

Two important helminth species parasitize
hair follicles in mammals. Parasitic females
of the species Pelodera (Rhabditis)
strongyloides, normally also free-living
indicating plant matter, may indicate the skin
and reside within hair follicles.® Pelodera
dermatitis occurs most often the dogs but
cases are well documented in cattle, sheet,
horses, and humans.® Affected dogs are often
victim supportive husband 3 and straw
embedding is a common finding.

Stephanofilaria species are uncommon
cutaneous parasites of a wide range of
ruminant species; with S. stilesi occurring in
Western and Southwestern North America.
While abdominal skin is characteristic for
this particular species, other species each

Haired skin, dog. An Alcian blue 2.5 stain demonstrates

the mucinous nature of the perifollicular substance. (AB,
200X)

have particular sites where they affect their
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respective host.® Flies are intermediate hosts
for these parasites and deposit infective larva
on both intact and broken skin of the host
species. The adults of S. stilesi and similar
species live within cystic hair follicles and
microfilariae occur free in the dermis or
within dermal lymphatics, where they may be

AN AN 7 N
Haired skin, dog. This is a section through the
degenerate larva occupying the infundibulum and
surrounded by a band of hyaline material (stylosome).
(HE, 100X) (Photo courtesy of: Department Vet
Resources, Weizmann Institute, Rehovot, Israel
http://www.weizmann.ac.il/vet/)

ingested by flies and complete their life cycle.
Maturation from microfilaria to infective
larva occurs within the intermediate host. A
marked inflammatory reaction occurs if the
adults exit the hair follicles, resulting in
profound lymphoplasmacytic and
eosinophilic ~ inflammation,  epidermal
hyperplasia, and often alopecia. The
presence of the adults within the follicle or of
microfilariae within the dermis generally
results in little inflammation.®

Contributing Institution:

Department Vet Resources, Weizmann
Institute, Rehovot, Israel
http://www.weizmann.ac.il/vet/
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Self-Assessment - WSC 2017-2018 Conference 2

1. Infection with ferret enteric coronavirus closely resembles coronavirus infection in what other
species?
a. Cats
b. Rodents
¢. Ruminants
d. Viverrids

N

Which of the following is not a characteristic finding in ferret coronavirus-associated disease ?
a. Palpable intraabdominal mass
b. Polyclonal gammopathy
c. Anemia
d. Weight loss

3. Which of the following is not an important mechanism of periportal hepatocellular necrosis?
a. Overwhelming toxicity coming out of portal venous system
b. Toxins that are excreted in bile
c. Highly lipid soluble toxins
d. Toxins that do not need to be metabolized by mixed function oxidases

4. Which of the following is a specific immunohistochemical marker for lymphatic endothelium?

a. MAC 387
b. CD31

c. LYVE-1

d. Factor VIl

4

With regard to infection by trombiculid mites, what is a stylosome?
a. The excretory tube of the mite
b. A channel within the epidermis where eggs are laid.
c. A proboscis used to pierce the dermis and suck tissue fluids
d. A hyalinized tube within the follicle or epidermis that surrounds the mite

Please email your completed assessment to Ms. Jessica Gold at Jessica.d.gold2.ctr@mail.mil for grading. Passing score is
80%.This program(RACE program number) is approved by the AAVSB RACE to offer a total of 0.5 CE Credits, with a
maximum of 12.5 CE Credits being available to any individual Veterinary Medical Professionals for the 2017-2018
Wednesday Slide Conference. This RACE approval is for the subject matter categories of: SCIENTIFIC using the
delivery method of NON-INTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize

AAVSB RACE; however, participants are responsible for ascertaining each board’s CE requirements.

RACE does not “accredit”, “endorse” or “certify” any program or person, nor does RACE approval validate the content
of the program.
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CASE |I: AFIP 15-13332 (JPC 4067411-
00).

Signalment: 3-week-old male domestic
shorthair Kitten

History: A 3-week-old male domestic short
hair kitten was one of 8 kittens found before
taken to a cat rescue. The litter was split into
two different foster homes. All Kkittens
developed diarrhea with lethargy and
inappetence. The kitten in this case was
euthanized after a week of developing
symptoms and two more died subsequently
(exact timing unknown). The remaining two
surviving kittens are alive and thriving.

Gross Pathology: A male kitten (0.11 kg) in
fair body and postmortem condition was
presented for autopsy. The umbilicus has no
lesions. The stomach is expanded by ~ 5 ml
of curdled milk. The rectum and distal colon
contain yellow-green dry string-like fecal
material. Both lungs are wet and mottled dark
and pale pink with areas of hyperinflation.
No other significant gross lesions identified.

Laboratory results: Hemolytic E. coli and
group G beta-hemolytic Streptococcus were
both cultured from pulmonary tissue.

lleocolic junction, kitten. A section of the ileocolic
junction with ileum on the left and the colon on the right
is submitted. (HE 12X)

Microscopic Description: lleum and colon.
The section of ileum contains frequent crypt
necrosis and ~50% intestinal villi blunted
with occasional complete villous loss. There
are large numbers of cocci and rod bacteria
within the lumen and crypts of the tunica
mucosa, both extracellularly and intra-
cellularly, throughout the majority of stained
sections. Slender rod-shaped bacteria are
arranged in one or more parallel stacks within
the cytoplasm of numerous enterocytes. The
lumen of the ileum is heavily colonized by a
mixed population of gram-negative rods and
cocci, with moderate numbers of cocci
directly associated with the surface of
mucosal epithelial cells. The tunica
muscularis and serosa appear unaffected. The
section of intact colon is included to
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Colon, kitten. There is necrosis of colonic glands with replacement by neutrophils and macrophages. Remaining colonic
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glands are dilated and filled with variable combinations and concentrations of necrotic glandular epithelium, degenerate

neutrophils, cellular debris, and mucin. (HE, 137X)

demonstrate that the changes to the ileum are
not likely due to autolysis. The colon
contains few luminal bacteria, but moderate
numbers of enterocytes contain slender rod
bacteria as described above.

Contributor’s Morphologic Diagnoses:
lleum and colon: Marked multifocal to
coalescing necrotizing enterocolitis with
extracellular, adherent and intracellular
mixed bacteria.

Contributor’s Comment: Differentials to
consider in a case of enterocolitis in neonatal
kittens  include:  bacteria (E. coli,
Salmonella), primary viral enteritis
(parvovirus, enteric coronavirus), protozoa
(Isospora, Giardia) or severe systemic
disease, such as caused by feline
immunodeficiency virus (FIV) and feline

leukemia virus (FeLV). The two surviving
kittens were 8 weeksold at the time of this
submission and both had tested negative for
FIV and FeLV the week prior. Culture of
fecal samples from both Kittens yielded E.
coli, however only one harbored the
hemolytic phenotype. Salmonellae were not
recovered using routine media.

In the case presented here, there are
concurrent intestinal bacterial infections by
C. piliforme and E. coli. E.coli had primarily
colonized the small intestine while C.
piliforme was associated with crypt necrosis
in the large intestine. An area of overlap
within the ileum, as highlighted in the
submitted slide, shows the co-existence of
both bacteria. There have been few published
feline cases of Tyzzer's disease, and a



bacterial co-infection in a cat has not yet been
reported. A recent publication, however,
describes dual infection by C. piliforme and
enteropathic and effacing E. coli causing
enterotyphlocolitis in a Syrian hamster.*

Tyzzer’s disease in cats has been associated
with viral co-infection with FIP and FeLV.2®
Coronaviral protein was not detected in the
small intestine or colon by
immunohistochemistry in this kitten (a
quantity of fecal material sufficient for
testing could not be obtained during
necropsy); thus, a concurrent or underlying
and predisposing viral infection, while
unlikely, cannot be completely ruled out.
Other factors that are more likely to have
predisposed this kitten to Tyzzer’s disease
are failure of passive transfer, environmental
stress  (exposure, relocation), immune
compromise, or concurrent disease.

Suboptimal immune competency of the host
has been associated with the dissemination of
extraintestinal ~ pathogenic  E.  coli.?
Colonization of the small intestine with E.

numerous slender bacilli in haphazard stacks within their
cytoplasm, consistent with C. piliforme. (Warthin-Starry
4.0, 400X) (Photo courtesy of: Oregon State University
Diagnostic Laboratory,
http://vetmed.oregonstate.edu/diagnostic)
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coli and subsequent sepsis could have been a
primary event in this case. Bacterial culture
identified moderate numbers of hemolytic E.
coli and low numbers of group G beta-
hemolytic Streptococcus in the lungs.
Histopathology of the lung identified mild,
diffuse, interstitial pneumonia consistent
with sepsis.

E. coli is a constituent of the normal feline
intestinal microflora and does not normally
produce disease. When provided with a
compliment of virulence factors, however, E.
coli may become an opportunistic pathogen
resulting in local and systemic infection and
even death. At least seven distinct pathotypes
have been identified, including entero-
pathogenic (EPEC), enterotoxigenic (ETEC),
and shiga-toxin producing E. coli (STEC;
also referred to as enterohemorrhagic E. coli
or EHEC).2 Shiga toxin-producing
Escherichia coli (STEC) causes hemolytic
uremic syndrome (HUS) in humans and has
zoonotic  potential. Most shiga-toxin
producing E. coli belong to various serotypes
including 026, 0103, 0111, 0145, and
0157, the latter being the most commonly
identified.” A study of cats and dogs in
Buenos Aires, Argentina, where STEC is an
endemic pathogen, identified O157 in 4/149
(2.7%) cats and 34/450 (7.5%) dogs (3).
Testing of the E. coli isolate did not detect
O157:H7 antigen in this case.

Group G beta-hemolytic Streptococcus
isolates include: Streptococcus dysgalactiae
subspecies equisimilis, S. milleri, S. canis,
and S. intestinalis. Both S. dysgalactiae
subspecies equisimilis and S. milleri are
associated with human infection, while dogs
and pigs are reservoirs for S. canis and S.
intestinalis, respectively. S canis is the most
likely strain to be identified in this case and
is typically considered a commensal and
extracellular pathogen in cats, however it has
been shown to cause severe feline disease
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such as necrotizing fasciitis, sinusitis,
bacteremia, and toxic shock—like syndrome.®
Because of the low numbers of Streptococcus
organisms isolated from the lungs, and
absence of pathogenic changes consistent
with primary Streptococcus infection, we
consider this an opportunistic colonization in
this cat.

The clinical presentation of Tyzzer’s disease
can range from subclinical infection and
incidental finding to mild to marked mucoid
diarrhea or death without premonitory signs.
The mechanism of host cell attachment and
entry by C. piliforme is not fully understood.
Following colonization of the distal ileum,
cecum, and colon, bacteria can penetrate into
the portal vasculature to seed the liver.’
Neither necrotizing inflammation nor
clostridial forms were identified within the
liver in this kitten. C. piliforme infection
limited to the intestinal tract could reflect an
early stage of infection, prior to
hematogenous spread, and would suggest
that C. piliforme colonization occurred
secondary to E. coli infection.

JPC Diagnosis: 1. Colon: Colitis,
necrotizing, diffuse, marked with numerous
crypt abscesses, crypt hyperplasia and
intracytoplasmic  bacilli ~ within  crypt
epithelium.

2. lleum: lleitis, necrotizing, diffuse, mild to
moderate with numerous surface-adherent
bacilli.

Conference Comment:

Ernest Edward Tyzzer (1895-1965) was an
American pathologist whose investigations
far exceeded the disease which today bears
his name. A graduate of Harvard medical
school in 1902, many of his discoveries
impacted veterinary science far more than
human medicine. In 1901, he received a
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lleum, kitten. Crypt abscesses are also present within the
ileum as well, indicating a necrotizing enteritis. (HE
137X)

master’s degree studying myxosporidian
infections in menhaden. Between 1905 and
1916, he was research director for the
Harvard Cancer Commission, investigating
spontaneous and transplanted tumors in mice,
but continuing his interest in infectious
diseases as well.% In 1910, he identified the
genus Cryptosporidium sp. for the first time.
He was responsible for the development of
the DBA inbred strain of mouse during this
time, as well as the identification of
Leishmania sp. as the cause of Ooroya fever.
10

In 1916, Dr. Tyzzer became the head of the
Department of Comparative Pathology at
Harvard, a chair he held until his retirement
in 1942.1% In 1917, he first identified the
disease that now bears his name in Japanese
waltzing mice, a strain he was utilizing in
cancer research. In this position, he
correctly identified the flagellate Histomonas
meleagridis as the causative agent of
blackhead, as well as detailing its life cycle.
(The principles which he used to raise turkeys
on his experimental farm were subsequently
published by the Massachusetts Department
of Agriculture and he was given a citation by
the Governor of Massachusetts for “saving
the turkey industry of Massachusetts).!”
Additional investigations during his career
provided seminal work in  equine



encephalomyelitis as well as coccidiosis in
gallinaceous birds.

Over a century following its identification,
many questions remain about C. piliforme. A
common commensal in rodents, disease has
been difficult to reproduce in healthy dogs
and cats. Concomitant disease, especially
infection with immunosuppressive viruses
such as FELV, FIV, feline panleukopenia,
and the mutated coronavirus of feline
infectious peritonitis have been incriminated
in the majority of feline infections, and
experimental immunosuppression by
glucocorticoids or cyclophosphamide has
also been used to enhance experimental
infections.® Transmission from the feces of
rodents has been suggested as a source of
infection of dogs and cats, but has not been
proven. Basic information about the
pathogenesis of C. piliforme infection, such
as the mechanisms of attachment and entry
into cells by C. piliforme, have not yet been
identified, and inability to culture the
organism on artificial media further hampers
laboratory research.®

Attaching and effacing E. coli (AEEC),
which has been reported in a wide variety of
species (and is the only pathotype reported in

- 1

E . ad
lleum, kitten. Bacilli are adhered to the luminal surface
of ileal enterocytes. (Warthin-Starry 4.0, 400X) (Photo
courtesy of: Oregon State University Diagnostic
Laboratory, http://vetmed.oregonstate.edu/diagnostic)
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the rabbit), employs a unique procedure for
colonization of the intestine. The classic
“cup and pedestal” attachment to the luminal
surface results from the bacteria’s ability to
manipulate the host cytoskeleton, in
particular the recruitment of actin filaments
beneath adherent bacteria.® An additional
virulence factor of AEEC is intimin and its
receptor-translocated intimin receptor (TIR).
TIR is secreted directly by AEEC into the
cytoplasm of intestinal epithelium via
injectisomes (aka, needle complexes or T3SS
apparatus), whereupon intimin expressed on
the bacterial surface.®

Conference participants reviewed the
pathogenesis of Tyzzer’s disease in a variety
of animal species, as well as reviewed the
various common pathotypes of E. coli which
produce disease in domestic species. A
Giemsa stain run on this slide demonstrated
both the mucosal-adherent E.coli as well as
the intracellular C. pilforme extremely well.

Contributing Institution:
Oregon  State  University
Laboratory
http://vetmed.oregonstate.edu/diagnostic
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CASE 11: AFIP 15-13332 (JPC 4067411-
00).

Signalment: 8-month-old Romney ewe lamb
(Ovis aries)

History: The ewe lamb was found recumbent
and unable to stand. Paddling movements and
spasms were observed prior to euthanasia.

Gross Pathology: The 8-month-old Romney
ewe lamb was in good body condition (BCS
3/5), with good muscle mass, fat reserves,
and adequately hydrated.  Numerous
variably-sized (2 mm-5mm) areas of
hemorrhage were present in the medulla
oblongata and extended caudally to the level
of the obex and cranial cervical spinal cord.
No other gross lesions were present
elsewhere.

Brainstem, sheep. There is rarefaction, hemorrhage and
a cellular infiltrate in up to 50% of the section. (HE,
5X)



Laboratory results: None.

Microscopic  Description:  Within  the
brainstem and affecting both gray and white
matter, are multifocal to coalescing, variably-
sized aggregates of numerous intact and
degenerate neutrophils and lesser numbers of
macrophages and gitter cells
(microabscesses) surrounded by small areas
of gliosis. Within and adjacent to the areas of
inflammation, numerous axons are swollen
and eosinophilic  (spheroids) and rare
hypereosinophilic, shrunken neurons with
pyknotic nuclei surrounded by neutrophils
are present (neuronal necrosis and
neuronophagia). Multifocally, the white
matter is edematous and rarefied. Within the
parenchyma, there are numerous densely
cellular perivascular cuffs mainly composed
of lymphocytes and plasma cells, with lesser
number of macrophages, neutrophils and rare
eosinophils. A Gram stain reveals moderate
numbers of predominantly intracellular,
short, plump gram-positive coccobacilli.
Additionally, there are multifocal areas of

arrow). (HE, 379X)
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Brainstem, sheep. The brainstem is infiltrated by large numbers of neutrophils. There are
swollen, degenerating axons (black arrows), dilated myelin sheaths with swollen axons

(spheroids — yellow arrow), and a myelin sheath which contains neutrophils and debris (green
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hemorrhage in the parenchyma and locally
extensive  regions of leptomeningeal
hemorrhage. Multifocally, lymphocytes and
plasma cells, and lesser numbers of
neutrophils and macrophages, surround and
disrupt meningeal blood vessels.

Contributor’s Morphologic Diagnoses:
Brainstem. Meningoencephalitis,
necrosuppurative, subacute, multifocal to
coalescing with gram-positive coccobacilli
(Listeric encephalitis)

Contributor’s Comment: The clinical signs
and the microscopic findings in the brain of
this ewe lamb are consistent with listeric
encephalitis.’®®  Listeria monocytogenes
belongs to the bacterial genus Listeria, which
are  gram-positive,  non-spore-forming,
facultative anaerobic, intracellular
coccobacilli  ubiquitously found in the
environment and commonly present in the
faeces of healthy animals.2®>® It has been
suggested that domesticated ruminants play a
key role in the maintenance of Listeria spp.
~_in the environment
»¢ through a continuous
faecal-oral
€ enrichment cycle.!
° There are currently
 six species in the
genus Listeria, but
> only L.
monocytogenes and L.
ivanovii are
considered
pathogenic for
domestic animals.>”

Virulent strains
possess a group of
® virulence genes such
4 as the  positive
regulatory factor A,

internalins,
hemolysins (such as




listeriolysin O), phospholipases, a hexose
phosphate transporter and others, which
allow them to replicate within and spread
between eukaryotic cells.2*® Critical to the
virulence of Listeria, is the ability to escape
intracellular killing within macrophages by
lysis of the phagosomal membrane and
escape into the cytoplasm, actions mediated
by the secretion of listeriolysin O.>" The
importance and role of these genes in
neurovirulence and neuroinvasion in natural
infections, whether by hematogenous
infection or axonal migration, is yet to be
determined.®”’

In ruminants, the main clinical features of
Listeria  infection  are  encephalitis,
septicaemia,  abortion,  mastitis  and
gastroenteritis.2®° Listeriosis in ruminants
occurs primarily in sporadic cases and is
considered to be non-contagious.l® In
general, the disease is more frequent in winter
and early spring and outbreaks of disease are
known to occur when animals are exposed to
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Brainstem, sheep. Large numbers of neutrophils infiltrate areas of white matter, resulting in
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a single contaminated source such as
silage.1*® However, outbreaks of listeric
encephalitis have been described unrelated to
silage feeding.®® Pathogenesis of listeric
encephalitis in sheep, goats and cattle
suggests that L. monocytogenes gains access
to the brainstem via migration through axons
of various cranial nerves (most commonly
the  trigeminal  nerve), using the
oropharyngeal mucosae as the port of entry.>
8 Once the bacteria has accessed the CNS it
spreads further from the brainstem into other
brain regions probably by intracerebral
axonal migration.”® Clinical signs of listeric
encephalitis are similar in ruminants and vary
depending on the topography of the CNS
lesions.! The neurologic signs of listeriosis
in sheep reflect dysfunction of caudal
brainstem, cerebellar peduncles and/or
cranial nerves 1l through XII.1® Gross
lesions of the brain are generally absent, or
limited to mild meningeal congestion,
unilateral or bilateral areas of malacia in the
brainstem or spinal cord, and mild clouding
of the cerebrospinal
fluid.1>5® In this case
the gross lesions
consisted of variably-
sized areas of
hemorrhage in the
medulla  oblongata
that extended
caudally to the level
of the obex and
cranial cervical spinal
cord. Histologically,
microabscesses, focal
gliosis with adjacent
. perivascular cuffs

BN consisting
&'}”%’ predominantly  of

e vAsieasas  lymphocytes  with
T ﬁé’ﬁij histiocytes, plasma

necrosis and formation of large numbers of spheroids. Several dilated myelin sheaths (HE, cells and occasional

226X)

neutrophils
characterize listerial



encephalitis.>®® In severe cases, such as the
present case, lesions may coalesce to affect
large areas of brain tissue.” Meningitis is
often present, and thought to develop
secondary to parenchymal lesions.>’ Species
differences can be observed in lesion
distribution throughout the CNS, and in the
extent and cellular composition of the
inflammatory reactions.”  Although the
characteristic lesion is the presence of
microabscesss both in cattle and small
ruminants, cattle tend to have relatively more
macrophages and  more  prominent
mononuclear perivascular cuffs than small
ruminants. Neuronal necrosis appears to be
more frequent in small ruminants than in
cattle.’

In this case, bacterial culture was not
attempted since the clinical presentation,
together with the gross and histological
lesions, and the demonstration of gram-
positive, intracellular  coccobacilli in

histological sections, were consistent with
Listeria infection.
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Brainstem, sheep. Focal areas of lytic necrosis (microabscesses) are scattered throughout the

brainstem. (HE, 379X)
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JPC Diagnosis: Brainstem:  Rhomb-
encephalitis, necrotizing and suppurative,
multifocal to coalescing, severe, with
microabscesses and mild lymphohistiocytic
meningitis.

Conference Comment: The contributor has
none an excellent job in describing the
general aspects, virulence factors, and
pathogenesis of the encephalitic form of
listeriosis in small ruminants. A number of
other syndromes have been identified in
small ruminants infected with Listeria
monocytogenes, to include enteritis,
septicemia,  abortion,  mastitis, and
ophthalmitis. In addition, the contributor has
correctly utilized the various, often non-
intuitive spellings of the tissue Gram stain,
named after Dr. Hans Christian Gram, who
developed the method in 1884. When
describing the particular stain, the upper case
“Gram” is used — “She performed a Gram
stain on each section”. When describing the
stain’s positivity or negativity, the lowercase
version is used - “The bacteria were

C . ®.sf01 consistent  gram-
positive in every
© section.”

While the portal of
entry for pathogenic
Listeria sp. in cases
of encephalitis is
&+ presumed to be the
* buccal mucosa, all
other  forms  of
disease cause by this
~ pathogen in
& ruminants are
presumed to develop
through the lower
gastrointestinal tract.

woas st UL Enteritis, the  most
common
presentation in

humans, has been



rarely identified in sheep.® Adult sheep may
develop a marked enteritis with extensive
necrosis of Peyer’s patches as well as
necrohemorrhagic enteritis and abomasitis.®

Within the gut, bacteria will enter
macrophages, often via M cells, whereupon
they escape from phagolysosomes and are
transported throughout the body. This
bacteremia may develop into a listerial
septicemia - septicemia occurs most often in
immunosuppressed animals and pregnant
animals, and its characteristic lesions are
most often seen in the fetus. In the fetus,
multiple foci of necrosis are seen in the liver
and spleen and the organism is readily
demonstrated  within ~ these  lesions.
Occasional massive outbreaks of septicemia
involving pregnant mucinous have been
described with clinically affected animals
exhibiting fever and profuse diarrhea.’

The gravid uterus appears to be highly
susceptible to infection during listerial
septicemia in ruminants and many other
species.  Another pathogenic form of
Listeria, L. ivanovii, has been recorded as a
cause of abortion in cattle and sheep, albeit
with less frequency than L. monocytogenes.
In cases of listerial abortion, there are
necrotic lesions within cotyledons as well as
a diffuse intercondylar urinary placentitis
characterized by a reddish brown exudate.®
The fetus is usually autolytic with evidence
of septicemia as discussed previously.

Less common but documented listerial
syndromes include iritis and kerato-
conjunctivitis in both cattle in sheep (likely
complications of cranial nerve infection), as
well as subclinical or clinical mastitis, both
seen in silage-fed animals during winter.
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Brainstem, sheep. Microabscesses contain numerous
gram-positive bacilli, characteristic of L. monocytogenes.
(HE, 379X)

Conference participants discussed the
various virulence factors associated with
Listeria, including internalin (initiates E-
cadherin-facilitated entry into the cell),
listeriolysin (a perforin which lyses the
phagosomes of neutrophils and
macrophages), and act A protein (which co-
opts actin within the cytoskeleton to facilitate
cell-to-cell transfer).  Major differences
between L. monocytogenes and H. somni,
another neurotropic bacillus in ruminants,
were identified as vasculitis in cases of H.
somni, microabscess formation by L.
monocytogenes, and L. monocytogenes’
preference for the brainstem as a result of
transaxonal migration from the oral cavity
along the cranial nerves.

Contributing Institution:

Massey University

Institute of Veterinary, Animal and
Biomedical Sciences
http://ivabs.massey.ac.nz
http://vet-school.massey.ac.nz
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CASE I11: 121-15812 (JPC 4067411-00).

Signalment: 12-year-old, female, Ragdoll
cat, (Felis catus)
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History: Three days period of nausea and
vomiting, followed by unconsciousness,
convulsions and finally death.

Gross Pathology: Spleen: Splenomegaly,
with pale pink / white marbled parenchyme.
The liver showed disseminated, 2-5 mm
sized, partly confluent pale white subcapsular
and parenchymal areas. Within the
gastrointestinal tract, a focal acute ulcerative
gastritis, and a multifocal chronic ulcerative
duodenitis was present. The duodenal lymph
nodes showed mild enlargement and a
homogeneous pale cream cut surface.

Laboratory results: None.

Microscopic Description: Section of spleen
with mild mesothelial hyperplasia and mild
capsular fibrosis. The splenic architecture
(red and white pulp) is widely effaced by
infiltration of a population of monomorphic
large, approximately 20-40um sized, plump,
round cells with fine granular eosinophilic
cytoplasm and round, small, hypochromatic,
eccentric nuclei with one nucleolus. Mitotic
figures are rare, focal apoptotic cells, mild
diffuse hemosiderosis and hyperaemia is
present.

Spleen, cat: The spleen was diffusely enlarged with a
pink-white marbled surface. (Photo courtesy of:
University of Liverpool,
http://www.liv.ac.uk/vetpathology/index.htm)
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Special stains: Toluidine blue stain:
Neoplastic cells reveal variable amounts of
metachromatic fine cytoplasmic granula.

Immunohistochemistry:

- Anti-Mast Cell Tryptase: Neoplastic
cells exhibit variable degrees of weak
positive reaction

- CD3: Neoplastic cells: negative
reaction

- CD45R: Neoplastic cells: negative
reaction

Contributor’s Morphologic Diagnoses:
Diffuse visceral (splenic) mast cell tumor
with mild mesothelial hyperplasia and
capsular fibrosis, Ragdoll, Felis catus.

Contributor’s Comment: According to the
information sheet of Veterinary Society of
Surgical Oncology (VSSO,
http://lwww.vsso.org/Splenic_MCT.html),

about 50% of feline visceral mast cell
tumours are located in the spleen. Other sites
of visceral mast cell tumours are the
mediastinum, lymph nodes, and intestines.
Visceral mast cell tumours present in three
forms, smooth, diffuse, and nodular. These

Spleen, cat: The splenic parenchyma is replaced by
sheets of round cells with multifocal hemorrhage. (HE,
9X)
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Eamns B hato St ket

Spleen, cat: Neoplastic cells have abundant granulated
eosinophilic cytoplasm and nuclei are often excentric.
(HE, 400X)

neoplasms often metastasize to liver (90%),
visceral lymph nodes (73%), bone marrow
(23%-40%), lung (20%), and intestine (17%),
often accompanied by pleural and peritoneal
effusions. The cutaneous involvement of
mast cell tumours in cats with primary
visceral MCT is less frequent (18%).

In the present case, metastases in mesenteric
lymph nodes and bone marrow was observed.
Within sections of stomach and duodenal
ulcerations, no neoplastic mast cells could be
demonstrated. large numbers of neoplastic
mast cells as observed in the spleen, were
observed within hepatic sinuses.

JPC Diagnosis: Spleen: Mast cell tumor.

Conference Comment: Review of the recent
literature reveals a number of terms which are
interchangeably used to describe non-
cutaneous mast cell tumors in the cat.
Visceral mast cell tumor, systemic
mastocytosis, and mast cell leukemia are all
in common usage; the use of the term mast
cell leukemia implies mastocytemia.
Mastocytemia is not uncommon in cats with
visceral mast cell tumors; rates of up to 68%
have been reported.*

12



metachromatic granules. (Toluidine blue, 400X)

Splenic involvement of mast cell tumors
ranges from 15-50% in various reviews.l*®
The liver and intestine are also common sites,
and multiorgan disease is also seen.
Although cats with visceral tumors may have
concomitant cutaneous tumors as well,
visceral mast cell tumors are considered a
separate disease from cutaneous mast cell
tumor; evidence that visceral tumors arise
from a cutaneous primary is lacking in the
veterinary literature.

Grossly, visceral mast cell tumors often cause
diffuse organ enlargement, but may
sometimes appear nodular. Histologically,
neoplastic mast cells have a finely granulated
poorly stained cytoplasm and granules may
not be recognizable on hematoxylin and
eosin  stained  sections. Moreover,
cytoplasmic granules may not stain with
Toluidine blue or Giemsa. This is thought to
be the case when neoplastic mast cells arise
from the intestinal mucosa; special fixation in
media other than formalin may be required
for their cytoplasmic granules to be
metachromatic.’

Immunohistochemical of evaluation of feline
mast cell tumors may be frustrating.
Reported rates of cytoplasmic expression of
c-Kit ranges from 35° to 85%°. In the
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submitted case, Toluidine blue and Giemsa
stains run at the JPC were strongly positive,
and the tumors showed diffuse strong
cytoplasmic expression of c-kit (toluidine
blue and c-Kit illustrated in images 3-4 and
3-5, respectively.) One study demonstrated
14 missense c-kit mutations in 13 of 20
tumors; with 11 mutations located in exon 8,
and 3 in exon 9.° No correlation was

observed between c-kit mutations and tumor
differentiation, mitotic activity, or survival
time.>

Spleen, cat: Neoplastic cells have are strongly
immunopositive for c-kit. (200X)

Contributing Institution:

University of Liverpool
http://www.liv.ac.uk/vetpathology/index.h
tm
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CASE 1V: AFIP Canine 315010212 lungs
(JPC 4067411-00).

Signalment: 1 year-old female Weimeraner
dog, Canis lupis familiaris.

History: After undergoing anesthesia for
laminectomy of T10 this dog failed to regain
independent breathing and was euthanized
during recovery.

Gross Pathology: The lungs have a mottled
appearance composed of small areas of
hemorrhage intermixed with coalescing areas
of pale grey to tan tissue with multifocally
slightly raised whitish nodules of a few
millimeters in diameter. Both lungs are
markedly oedematous, have an increased
consistency and are firm to touch. There is a
small amount of fibrin on the pleura of the
cranioventral lobes.

Laboratory results: None.
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Lung, dog. The lungs have a mottled appearance due to
areas of hemorrhage, collapse, consolidation, and
emphysema. (Photo courtesy of: Utrecht University,
Faculty of Veterinary Medicine, Department of
Pathobiology,
www.uu.nl/faculty/veterinarymedicine/EN/labs services/v

pdc)

Microscopic  Description: Lung: The
normal architecture of the lung is severely
distorted by the presence of a predominantly
granulomatous interstitial infiltrate
associated with the presence of numerous
Angiostrongylus vasorum larvae and eggs.

In both the alveolar interstitium and free
within the alveolar spaces are moderate to
large numbers of transverse or longitudinal
sections of nematode larvae measuring
approximately 20x80 pum and fewer
multinuclear (embryonated) and uninuclear
(non-embryonated) eggs, recognizable as
approximately 60x90 um, oval-shaped
accumulations  of  coarsely  granular
eosinophilic material. These are typically
surrounded by moderate numbers of
extravascular  erythrocytes,  epithelioid
macrophages (which occasionally show
erythrophagy and contain cytoplasmic
hemosiderin ~ granules) and  scattered
multinucleated giant cells. The alveolar septa
are often indistinct and are markedly
expanded by moderate numbers of
macrophages, fewer plasma cells and
lymphocytes, and occasional eosinophils as
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Haired skin, dog. Several section of lung are submitted
for examination. At subgross magnification, a large
arteriolar thrombus is visible as well as hypercellularity
and exudation within a large airway. (HE, 5X)

well as moderate edema, and parasites.
Alveoli are frequently lined by plump
cuboidal epithelial cells (type 2 pneumocyte
hyperplasia).

Throughout the section, there are mild to
moderate  vascular changes including
moderate hypertrophy of the lamina media,
separation of the collagen fibers of the tunica
adventitia by fine reticular eosinophilic
material (edema), and the presence of
parasites within the vascular lumen. In the
adventitia of some vessels, there are
increased numbers of small-caliber blood
vessels.

In some sections, adult nematodes are present
within the lumen of large blood vessels; these
are approximately 300pum in diameter and are
characterized by a thin eosinophilic cuticle
surrounding coelomyarian musculature and a
pseudocoelom containing digestive and
reproductive tracts. In some cases this is
associated with partial occlusion of the lumen
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by an organizing thrombus composed of
haphazardly arranged collagen bundles and
fibroblasts, with endothelial cells forming
small vascular channels (recanalisation) and
scattered parasite eggs. Throughout the
thrombotic material are moderate numbers of
mixed inflammatory cells, predominantly
plasma cells and macrophages. The lamina
intima is markedly expanded by edema and
moderate numbers of plasma cells and
macrophages with fewer lymphocytes and
occasional neutrophils. There is intimal
hyperplasia characterized by the formation of
multiple, endothelium-lined small, rounded,
projections into the wvessel lumen
(proliferative endoarteritis).

Also in the less-severely affected areas,
alveolar spaces and bronchiolar lumens
contain moderate numbers of epithelioid
macrophages, erythrocytes and protein-rich
material. Bronchial epithelium shows mild
hypertrophy and there are scattered
intramucosal neutrophils.

The pleura is moderately expanded by mild
fibrosis and edema and in some sections there
are scattered groups of parasite eggs and
larvae surrounded by macrophages, plasma
cells and lymphocytes.

Contributor’s Morphologic Diagnoses:
Lung: Severe, chronic, multifocal to

s

Lung, dog. An arteriole is thrombosed and recanalized at
the periphery. There is a cross section of an adult
helminth within the thrombus (arrow) (HE, 54X)
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coalescing interstitial granulomatous
pneumonia with Angiostrongylus vasorum in
different stages of development, interarterial
thrombosis and marked pleural fibrosis.

Contributor’s Comment: Angiostrongylus
vasorum, or French heartworm, is endemic in
the Americas, parts of Africa and some
European countries but until the end of the
last decade was not considered endemic in
the Netherlands.® The few cases reported
before this time were typically seen in dogs
which had been travelled outside of the
country. Following the emergence of the
disease in dogs which had never been outside
the Netherlands, research was carried out to
determine the prevalence of this parasite in
Dutch foxes and intermediate hosts.
Interestingly, concurrent to the increase in
cases of A. vasorum seen in domestic dogs
there has been an expansion of the range and
population of foxes reported in the
Netherlands. Combined with the wet Dutch
environment that is conducive to the survival
of the gastropod intermediate hosts,
establishment of A. vasorum in the
Netherlands is not surprising.> Of particular
importance is the finding that L3 or the
infective stage can be released from the
intermediate host in fresh water meaning that
|nfect|on may occur not only by |ngest|0n of

Lung dog The adult helmlnth asa thln hyallne cutlcle
low polymyarian-coelomyarian musculature, lateral
cords, a pseudocoelom, and cross sections of a gonad and
intestine. (HE, 400X)
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slugs and snails but by drinking water from
the many canals and ditches that are
prominent features of the Dutch countryside.
5

There was no history available for this young
dog which underwent surgery for suspected
lymphoma of the spinal cord from which it
did not recover. The severe parasitic
pneumonia may explain the post-surgical
failure to resume independent breathing.

The histological lesions in this case are
typlcal of a chronlc patent infection with
N 78 oA ‘%

Lung dog There is a pIeX|f0rm area of recanallzatlon in
the adjacent artery which contains numerous cross-
sections of embyronated and larvated metastrongyle eggs.
(HE, 210X)

multiple stages of parasite present and
organizing thrombosis seen in the pulmonary
vessels. The adults inhabit the right ventricle
and pulmonary arteries releasing eggs after a
pre-patency period of 35-60 days.? These are
transported to the pulmonary capillaries from
which L1 larvae hatch and penetrate into the
alveolar spaces before being coughed up and
excreted in the faeces. L1 are taken up by
intermediate hosts (including snails, slugs
and frogs) in which larval development
continues to the infectious L3 stage and
infection occurs in definitive hosts when
these are ingested and mature larvae and
young adult worms migrate via the
circulatory system ultimately inhabiting the
right ventricle. The presence of adult worms
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Lung, dog. There are numerous granulomas scattered
throughout the pulmonary parenchyma centered on
helminth larvae and eggs. Rare multinucleated
macrophages (arrows) are seen. (HE, 280X)

in the circulatory system is thought to
activate both intrinsic and extrinsic
coagulation  pathways  resulting in
intravascular consumptive coagulopathy and
bleeding tendencies.* This may explain the
persistent bleeding at the that was noted
incision site during the operation preceding
the death of this dog.

Whilst infection with A. vasorum can cause a
range of other clinical signs the majority of
cases develop cardiorespiratory problems,
typically culminating in heart failure.?3 Other
clinical presentations may reflect aberrant
larval migration to organs such as the eye and
brain.235

JPC Diagnosis: Lung:  Pneumonia,
interstitial, granulomatous, diffuse, severe,
with proliferative endarteritis, thrombosis,
and recanalization, and rare adult and
numerous metastrongyle larvae and eggs.

Conference Comment:

Angiostrongylus vasorum, termed French
heartworm because it was reported first in
France in the 1800s!, is a metastrongyle
nematode considered to be the most
pathogenic lungworm of dogs. A. vasorum
has a worldwide distribution and the
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infection seems to be increasing in recent
decades. Red foxes are the natural definitive
hosts and are important reservoirs of
infection for domestic dogs, however, natural
infection has also been reported in other
species including wolves, coyotes, and
Eurasian badgers.*

Adults reside in the pulmonary artery and
right heart ventricle in canids. Clinical signs
run a gamut from mild coughing and exercise
intolerance to fatal cardiopulmonary disease
which may manifest as sudden death.

A. vasorum may cause right heart failure and
extensive  pulmonary lesions as a
consequence of egg embolization. Prepatent
lesions are mild with adult worms in the
pulmonary arteries and a few 1-2 mm
diameter, red, firm, multinodular to confluent
areas of hemorrhage and edema at the lung
periphery.? Female adults have a “barber
pole” appearance due to their intertwined red
intestine and white ovaries. At patency,
lesions are more severe including

proliferative endarteritis and interstitial
granulomatous pneumonia, as displayed in
this case. Vascular lesions are characterized
by proliferative endarteritis, including
thrombosi ca intima by

Lung, dog. Throughout the remainder of the section,
alveolar septa are expanded by intraseptal macrophages,
collagen, and patchy Type Il pneumocyte hyperplasia.
Alveoli contain numerous macrophages (often
hemosiderin-laden), hemorrhage, edema, and rare
migrating helminth larvae. (HE, 250X)
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fibromuscular tissue, and medial hypertrophy
with infiltration of eosinophils, lymphocytes
and plasma cells.?

Coagulation abnormalities are commonly
seen in association with A. vasorum
infection. A prolonged activated partial
thromboplastin - or  prothrombin  times,
thrombocytopenia, and  increases in
circulating  D-diameters and  fibrin
degradation products suggests disseminated
intravascular coagulation.>* Affected dogs
may have petechiae and ecchymoses in
multiple tissues. The cause of this
coagulopathy is unknown but may represent
thrombosis triggered by parasite proteins or
endothelial damage from adult and larval
nematodes.?

Cerebral lesions to include mass lesions and
areas of hemorrhage are noted as a
combination of aberrant larval migration as
well as the previously  described
coagulopathy

-A‘s‘e X
iy

Lt )
2
o TRt B ML Bt B
p:‘ K" N
2, s
i %
.

Lung, dog. Pulmonary arterioles exhibit marked
myointimal proliferation — within the tunica intima, there
is proliferation of smooth muscle cells on the luminal
side, with deposition of collage centrifugally. The internal
elastic lamina is marked by black arrows. (Movat
pentachrome. 200X)
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The moderator reviewed a Movat’s
pentachrome stain and demonstrated a mural
change in the branches of the pulmonary
arteries which the moderator interpreted as
myointimal proliferation. In this condition,
vascular smooth muscle cells migrate into the
tunica intima, undergoing both proliferation
and secretion of extracellular matrix and
collagen. This non-specific change results
from endothelial activation and is often seen
in cases of heartworm infection.
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Self-Assessment - WSC 2017-2018 Conference 3

1. Attaching and effacing E.coli is the only pathotype of E.coli reported in which species?

a. Horses
b. Cats

c. Hamsters
d. Rabbits

2. Which of the following is NOT true about Clostridium piliforme ?

a.

b
C.
d

It can only be grown on artificial media.

Immunosupporesion is a major factor in small animal infection.
It is a common commensal in rodents.

It was first identified as a rodent pathogen.

3. Which of the following is not a documented syndrome associated with Listeria infection in small

ruminants?
a. Abortion
b. Arthritis
c. Encephalitis
d. Septicemia

4. Which of the following organs is not a common site for visceral mast cell tumors in cats?

a.

b
c.
d

Lung
Spleen
Intestine
Liver

5. Which of the following is not an intermediate or paratenic host of Angiostronylus vasorum??

a.

b.
C.
d

Ducks
Snails
Frogs
Slugs

Please email your completed assessment to Ms. Jessica Gold at Jessica.d.gold2.ctr@mail.mil for grading. Passing score is
80%.This program(RACE program number) is approved by the AAVSB RACE to offer a total of 0.5 CE Credits, with a
maximum of 12.5 CE Credits being available to any individual Veterinary Medical Professionals for the 2017-2018
Wednesday Slide Conference. This RACE approval is for the subject matter categories of: SCIENTIFIC using the
delivery method of NON-INTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize

AAVSB RACE; however, participants are responsible for ascertaining each board’s CE requirements.

RACE does not “accredit”, “endorse” or “certify” any program or person, nor does RACE approval validate the content

of the program.
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CASE I: _N14-111 (JPC 4049562-00).

Signalment: Three-year-old castrated male,
Scottish terrier cross canine

History: Presented with a history of renal
failure and protein-losing nephropathy

Gross Pathology: Enlarged pale kidneys
with dozens of red pinpoint foci in the cortex.

Laboratory results: None.

Microscopic Description: Kidney:
Diffusely, glomeruli fill Bowman’s space
and are segmented. They are globally
hypercellular with markedly increased
mesangial matrix, typically with obliteration
of capillary lumina. Synechiae are present
multifocally. Tufts occasionally contain

karyorrhectic  debris, intravascular or
intramesangial  leukocytes, or exhibit
exudation of fibrin and/or proteinaceous fluid

Kidney, dog. A section of kidney is submitted for
examination. Tubular ectasia, proteinosis, and cystic
glomeruli are evident at low magnification. (HE 6X)



into Bowman’s space. Podocytes and parietal
epithelial cells are frequently hypertrophied.
There is multifocal, mild to moderate
periglomerular fibrosis. Diffusely, tubules
vary from dilated and lined by attenuated to
regenerating epithelium to lined by swollen,
vacuolated epithelial cells undergoing
hydropic degeneration and necrosis with
cytoplasmic  hypereosinophilia, nuclear
pyknosis, and cellular sloughing. Many
tubules contain proteinaceous fluid or casts
with  fewer containing cellular casts.
Occasional tubules are mineralized. The
interstitium multifocally contains moderate
numbers of lymphocytes and plasma cells
with mild interstitial fibrosis. Rare arterioles
exhibit fibrinoid necrosis and are surrounded
by hemorrhage and fibrin (too infrequent to
be a point in thes“g S|I(1ES)
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Contributor’s Morphologic Diagnoses: 1.
Marked, diffuse, global, membrano-
proliferative glomerulonephritis ~ with
moderate tubular proteinosis

2. Moderate, multifocal, lymphoplasmacytic,
interstitial nephritis

3. Moderate, multifocal, tubular necrosis,
degeneration, and regeneration

Contributor’s Comment: Lyme disease,
caused by Borrelia burgdorferi is one of the
most common tick-borne diseases in the
world. The organism is a spirochete, is
transmitted by Ixodes ticks and lives
extracellularly near collagen and fibroblasts
usually causing little inflammation in most
hosts. Lyme nephritis, which is the most
serious form of Lyme disease in dogs is
mcompletely understood as recent ewdence
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Kldney, dog. Glomerular changes include synechia and crescent formation (black arrows), expansion of the glomerular
capillary loops by a granular eosinophilic material (green arrows), endocapillary and mesangial hypercellularity, and marked

periglomerular fibrosis. (HE, 183X)



has shown that there is no consistent evidence
of the presence of B. burgdorferi in the renal
tissue of dogs with Lyme nephritis. Koch’s
postulates have not been satisfied and there is
no experimental model to study the disease.

As compared with cases of arthritis, fewer
dogs (<1-2%) with Lyme-positive status
develop severe acute progressive and often
fatal protein-losing nephropathy. Labradors,
Golden Retrievers and younger dogs are
predisposed. Unlike leptospirosis, Lyme
nephritis is not due to renal invasion by the
spirochete but rather due to immune-
mediated glomerulonephritis with Lyme-
specific antigen-antibody deposition.>’ The
microscopic findings of the kidney from
Lyme-positive dogs with severe proteinuria,
hypoalbuminemia and kidney failure exhibit
membranoproliferative  glomerulonephritis
with subendothelial C3, 1gG and IgM
deposits, diffuse tubular
necrosis/regeneration and lympho-
plasmacytic interstitial nephritis.> The breed
predisposition, younger age of onset and
histopathologic findings are different when
compared to previously described types of

2
2. 1

Kidney, dog. A trichrome stain demonstrates coalescing
brightly eosinophilic immune complexes within
subepithelial locations. There is mature collagen within a
crescent, as well as periglomerular fibrosis. There is
extensive fibrosis of the interstitium as well.  (Masson’s
trichrome, 200X)
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glomerulonephritis. It is thought that the
secondary tubular changes may be due to
hypertension and  efferent  arteriole
vasoconstriction, tubular hypoxia or toxic
proteins in the glomerular filtrate. Very few
if any organisms are found by silver stain or
PCR in kidneys of dogs with Lyme nephritis.
However, Lyme antigen, DNA and
occasionally organisms have been found in
tubular cells and in urine.>’

JPC Diagnosis: Kidney:
Glomerulonephritis, membranoproliferative,
diffuse and global, severe, with synechia and
crescent  formation, tubular epithelial
necrosis, thrombotic microangiopathy of
vascular poles, and moderate lympho-
plasmacytic interstitial nephritis.

Conference Comment:  The contributor
provides a concise summary of much as is
known about the renal effects of Lyme
borreliosis in  dogs. Retrievers are
predisposed but many breeds are affected in
endemic areas.> Renal disease has been
reported to occur in less than 2% of dogs of
serologically positive for Lyme disease;
approximately 30% of patients with Lyme
disease had concurrent or prior lameness.?
Antigen-antibody complexes against
bacterial outer surface proteins (OSP) OspA,
OSpB, and flagellin are thought to be
causative for glomerular disease.?

Lyme disease and other chronic infectious
agents most often result in membrano-
proliferative patterns of glomerulonephritis
(MPGN) in the dog. From the recent online
atlas published by the moderator and other
members of the WSAVA study group on
renal standardization
(https://ohiostate.pressbooks.pub/vetrenalpat
hatlas/chapter/membranoproliferative-

glomerulonephritis/):  “...In the MPGN
pattern, lesion  progression is  not
straightforward. The lesions are dependent



on the duration/magnitude of immune
complex deposition and the severity of the
resultant inflammatory response
(inflammatory cells and inflammatory
mediators). Features that should be assessed
include: a) Hypercellularity — this dimension
involves the number, location, and types of
cells that are present in the glomeruli in
excess of what is expected in normal
glomeruli, as well as evidence of cellular
injury (e.g., pyknotic debris); b) capillary
wall remodeling — this dimension invoves the
degree and extensiveness of changes in the
structures that compose the peripheral
capillary wall; namely wall thickening, doule
contours of the GBM, cellular
interpositioning; and c) sclerosis — this
dimension involves the degree and extent of
changes that are thought to be irreversible,
namely synechia and segmental or global
sclerosis.”

Equine borreliosis due to B. burgdorferi is an
emerging disease in many parts of the world.
The American College of Veterinary Internal
Medicine has recently published a consensus
statement about B. burgdorferi infection in
horses in North America.* Documented
syndromes in the horse attributed to B.
burgdorferi infection include
neuroborreliosis, uveitis, and cutaneous
pseudolymphoma.*  Although other cases
exhibiting lameness and stiffness have been
identified in horses, these are often not well
documented. Diagnosis of Lyme disease in
the horse requires cytology or histopathology
of infected fluid or tissue as well as antigen
detection.*

Neuroborreliosis in horses parallels a similar
syndrome in humans which generally results
in a triad of meningitis, cranial or peripheral
neuritis and radiculitis; while clinical signs
may be extremely variable, the histologic
lesions seen in the horse are unique in equine
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Kidney, dog. There is multlfocal, often smgle cell
necrosis of tubular epithelium with sloughing into the
lumen. Granular and cellular casts are present with
many ectatic tubules.  (HE, 281X)

neuropathology.* Gross lesions are limited to
meninges and include opacification,
yellowish discoloration, and plaques of
hyperemia and edema.b Microscopically,
horses display variable infiltration of the
leptomeninges as well as perivasculitis and
segmental vasculitis.®  Lymphohistiocytic
infiltrates predominate but neutrophilic,
eosinophilic, and plasmacytic inflammation
is also seen inflammatory cells may infiltrate
cranial nerves and ganglia resulting in
Wallerian  degeneration and spheroid
formation.® Five reports of equine uveitis are
present in the veterinary literature.* Of these,
3/5 infected horses also displayed neurologic
signs and neural inflammation.* Organisms
were detected within the leptomeninges and
vitreous of the eye through the use of
Warthin-Starry stains as well as PCR
performed on shavings from formalin-fixed
paraffin-embedded tissue sections.*

Cutaneous pseudolymphoma is a rare
condition associated with B. burgdorferi
infection in the horse, but has also been
replicated in  experimentally infected
colonies.* Papular to nodular lesions
occurring most often at the site of the tick bite
and florid mixed lymphoid hyperplasia are
microscopically suggestive of lymphoma in



Kidney, dog. There is multifocal expansion of the
interstitium by collagen and loss of tubules. Additional
changes include tubular necrosis, proteinosis (with
hemorrhage) and mineralization (arrows), and aggregates
of lymphocytes and plasma cells. (HE, 281X)

these cases. PCR performed on these lesions
will be positive for B. burgdorferi.*

The moderator discussed a number of
potential ruleouts for immune-complex
glomerulonephritis in the dog, including
Dirofilaria immitis infection (which does not
always present as a MPGN), tick-borne
diseases. The glomerular lesions seen with
leishmaniasis are similar to that seen in this
case. The moderator identified the wide-
spread single cell necrosis in occurring in
many tubules as a prominent feature in this
particular condition, but also suggested that
tubulointerstitial nephritis is not particularly
specific for Lyme disease (as has been
previously published) and many cases of very
active MPGN may result in tubular necrosis
resulting from concurrent simultaneous
deposition of immune complexes in
peritubular capillaries.

The moderator identified the hypercellularity
in the glomeruli as being both endocapillary
and in the mesangium. A Masson’s
trichrome run at the JPC on this case
highlighted large bright red, often coalescing
immune complexes within the subendothelial
locations. (“Wire loops” is a term used in
human medicine for the appearance of
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thickened capillary wall due to large
coalescing immune complexes.)

The moderator also discussed the changes
noted in approximately 20% of the vascular
poles, which often display necrosis and
intramural ~ protein  and  erythrocytes
(suggestive  of  possible  concurrent
hypertension in this patient.) As well as the
two potential ways that crescents can form —
from rupture of glomerular capillaries or less
commonly, due to the rupture of Bowman’s
capsule.
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CASE I1: NA (JPC 4066460-00).

Signalment: Adult (>2.5 years) male
cynomolgus monkey, Macaca fascicularis

History: This study was conducted in
accordance with the current guidelines for
animal welfare. All procedures performed on
these animals were in accordance with
regulations and established guidelines and
were reviewed and approved by the
Institutional Animal Care and Use
Committee. For further information, please
see Contributor’s Comments.

Gross Pathology: No macroscopic findings
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Laboratory results:

Clinical pathology findings:

Increased from pre-study baseline:
AST, Urine volume, Urine protein
and protein ratio, Urine blood, Urine
creatinine, Urine NAG, and Urine
microalbumin

Decreased from pre-study baseline:
GGT, Total protein, Albumin, Ca

Light microscopic findings:

Glomerulus: Moderate mesangial and
podocyte hyperplasia, mild
eosinophilic inclusions in podocytes,
mild granulocytes in capillary
lumens, marked increase in mesangial
matrix, moderate synechia, moderate
parietal epithelial cell hyperplasia,
marked C5b-9 granular staining of
capillary walls and podocytes (IHC)

Tubules: Mild distal tubular dilation,
minimal distal tubular luminal
hyaline casts, moderate erythrocyte
casts in proximal and distal tubular

lumens
Ureter: Minimal lumenal
erythrocytes

Ultrastructural  Description:  Kidney,

portions of two glomerular capillary loops
(5,000x original negative magnification) -
There are four large generally similar,
approximately 500-700 nm diameter, oval-
to-spherical, subepithelial, electron dense
deposits morphologically consistent with
immune complexes. Each consists of an
irregular mixture of darker and less dark
areas. Facing the capillary lumen, these
deposits contact the lamina rara externa of the
glomerular basement membranes, and facing
the urinary space, deposits contact and are
encircled by fused podocyte foot processes
(foot process effacement). Podocyte foot
process cytoplasm adjacent to these deposits



contains flocculent electron dense material.
One smaller subepithelial roughly-triangular
dense deposit is also present, and there is also
an irregular intramembranous electron dense
deposit on one border of the image. Podocyte
foot processes adjacent to this intra-
membranous deposit and in capillary loop
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sites not adjacent to deposits are also effaced,
but less severely so.

There are narrow branching cytoplasmic
projections extending from podocytes into
the urinary space (podocyte hypertrophy),
light accumulations of flocculent material in
the urinary space (interpreted as protein

Glomerulus, macaque. The photomicrograph contains cross sections of two capillaries and the intervening uriniferous space.
Numerous subepithelial dense deposits are present within the glomerular basement membrane and the overlying podocyte foot

processes are effaced.



leakage), and a circular intensely electron
dense spherical inclusion in one podocyte
pedicle (interpreted as resorbed protein).
Glomerular capillary endothelium of one
capillary lacks most of its fenestrations, and
endothelial cells lining this capillary are
enlarged and protruding into the capillary
lumen.

Contributor’s Morphologic Diagnoses:
Kidney: Glomerulopathy, with subepithelial
and intramembranous electron  dense
deposits, podocyte foot process effacement,
and podocyte hypertrophy

Contributor’s Comment: The overall
experimental design employed in this study
was adapted from that described by Hebert,*
In that study, animals administered bovine
gamma globulin (BGG) intravenously at 5.5
mg/kg/day (dosed five days per week)
developed glomerulopathy beginning as
early as after six weeks of dosing. In a
previous pilot study conducted by the
comtributor, the methods and dose levels
outlined below successfully induced immune
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animal was immunized with, and then dosed
with, BGG according to the schedule outlined
in the table below.

Immunization: On pre-study Day -48, 1.3 mL
of Complete Freunds Adjuvant (CFA) at 0.5
mg/mL was combined with 1.3 mL of BGG,
reconstituted in PBS, formulated to deliver 1
mg/kg, and administered subcutaneously at
10 different sites along the upper portion of
the dorsal thorax. Total volume administered
was 2 mL. On pre-study Day -22, 1.3 mL of
Incomplete Freunds Adjuvant (IFA) was
combined with 1.3 mL of BGG reconstituted
in PBS, formulated to deliver 1 mg/kg, and
administered subcutaneously at 10 different
sites along the upper portion of the dorsal
thorax. Total volume administered was 2 mL.
All animals were anesthetized with ketamine
for CFA and IFA administration and given
buprenorphine.

Antigen dosing: BGG was administered once
daily over 30 minutes through a vascular
access port. On each BGG dosing day, 5
mg/kg of diphenhydramine (DPH) was
administered intramuscularly approximately
15-30 minutes prior to BGG administration.

complex-mediated glomerulopathy.  This
Day 1 Day 2 Day 3 Day 4
5 5 5 5
mg/kg mg/kg mg/kg mg/kg
DPH DPH DPH DPH
0.5 mg/kg 0.5 mg/kg 1.0 mg/kg 1.0 mg/kg
(0.1 (0.1 (0.2 (0.2
Day 5 Day 6 Day 7 Day 8 to
Study End
5 5 5 5
mg/kg mg/kg mg/kg mg/kg
DPH DPH DPH DPH
2.0 mg/kg 3.0 mg/kg 4.0 mg/kg 5.5 mg/kg
(0.4 (0.6 (0.8 (11



BGG immunization followed by daily BGG
dosing was tolerated with antihistamine pre-
treatment and induced proteinuria and
immune complex glomerulopathy in this
animal after 8 weeks.

JPC Diagnosis: Kidney:
Glomerulonephritis, membranous, diffuse,
marked, with subepithelial dense deposits,
i &5 effacement

of podocyte
foot

processes,
and podocyte
villar

hypertrophy.
Conference

Comment:
This
outstanding

electron

micrograph
: - RO excellently
Glomerulus, macaque. Higher demonstrates
gwagn?:‘icaizp otfhthelvariegallted dense immune

eposits within the glomerular

baZement membrange. The overlying C.Omple.x
foot processes of the podocyte are deposmon In
fused (effaced). There is a dark subepithelial
cytoplasmic condensation of actin areas and
within podocyte cytoplasmic effacement
condensation of actin within podocyte of the
z)ét;)(fsliatlsm overlying each immune overlying
' podocytes.

At the bottom corner of the image, a more
traditional appearance of dense deposits is
seen, which do not result in the bulging of the
basement membrane; however podocytes
overlying these deposits are similarly
effaced. It also demonstrates the uncommon
lesion of villous transformation of podocytes,
which is usually seen in advanced stages of
podocyte effacement.

Immune complex glomerulonephritis
(ICGN) is the classic type I11 hypersensitivity
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reaction resulting from long-standing
inflammation, formation of large amounts of
antigen-antibody complexes in circulation,
and their deposition within the glomerular
basement membrane (GBM). The offending
antigen may be that of an infectious organism
causing a chronic infection (i.e. D. immitis)
or may be endogenous in nature (as is seen in
systemic lupus erythematosus in humans). !
Other non—ICGN types of
glomerulonephritis  include  anti-GBM
disease as well as those forms which fix
complement.!  This particular model, of
periodic injections of bovine serum albumin,
mimics the continued antigenemia of
infectious disease.

The basic theory of ICGN is somewhat
controversial, as many animals with
circulating soluble immune complexes may
present without glomerulonephritis; others
believe that the deposition of immune
complexes may be secondary to previous
glomerular injury.!  Additionally other
molecules such as C3, capital C1q, and IgM
may also adherent to previously injured
tissue.

Localization of immune complexes are
generally described as subendothelial,
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Glomerulus, macaque. Higher magnification of a dense
deposits within the glomerular basement membrane.



subepithelial, intramembranous, and
mesangial.  Their localization within the
GBM is predicated on a number of factors
including their size, shape, charge, and
chemical composition as well as the presence
of local mediators of inflammation which
may affect transport across endothelium or
within the basement membrane.! A number
of features may also impact the persistence of
immune complexes within the basement
membrane. Phagocytosis by neutrophils or
macrophages, removal of the source of the
persistent antigenemia, extracellular
degradation by proteases, and even egress
from the basement membrane may result in
elimination.> At the other end of the
spectrum, immune complexes may enlarge
within the basement membrane through
addition of small amounts of antigen or
antibody, complement, or by addition of
similar immune complexes.t

A recently published classification of
glomerular disease in the dog? identified
immune  complex-mediated  glomerulo-
nephritis as one of the two large categories of
glomerular disease, with the other major
category characterized by the absence of
immune complexes and largely composed of
cases of glomerular amyloidosis or focal
segmental  glomerulosclerosis. When
examined only by light microscopy, 22/89
cases were misdiagnosed, emphasizing the
importance  of  additional  diagnostic
modalities (especially electron microscopy)
beyond light microscopy alone.?

The WSAVA Classification denotes the
characteristic subepithelial location of ICs in
cases of membranous glomerulonephritis (as
seen in this case), and subendothelial or
mesangial ~ locations in  cases  of
membranoproliferative glomerulonephritis.
The subepithelial location of the immune
complexes  results in  characteristic
glomerular changes. The interposition of
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hypertrophy of podocytes is seen in cases of severe
effacement.

basement membrane between the 1Cs and the
capillary lumen does not engender
endocapillary hypercellularity (an increase in
the number of leukocytes, endothelial cells
and interposed mesangial cells internal to the
GBM) which ultimately encroaches or
obliterates the Ilumina of glomerular
capillaries.? The ability of these subepithelial
complexes to fix complement, however, does
result in effacement of podocyte foot
processes.? Conversely, subendothelial
locations of ICs results in activation of
endothelium and transcapillary recruitment
of inflammatory cells and peripheral
capillary hypercellularity as previously
described.?

Interestingly, reports of ICGN in nonhuman
primates are relatively scarce within the last
decade. Membranoproliferative glomerulo-
nephritis with crescent formation was
reported in cynomolgus macaques injected
with obinutuzumab, a monoclonal antibody
targeted against CD20,° exemplary of the
immunogenicity of foreign antibodies in
primate  models.  Membranoproliferative
glomerulonephritis was also attributed to
chronic SHIV infection in a rhesus macaque.®

10



A potential differential on ultrastructure for
the immune complexes would in this case
would be “hump-like” deposits of
complement, as seen in post-infectious
glomerulonephritis in humans with a history
of recent infectious disease. These “humps’
are primarily composed of the third
component of complement with little
immunoglobulin present.

Contributing Institution:
Pfizer

588 Eastern Point Rd
Groton, CT 06340
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CASE 111: P2551-13 (JPC 4048996-00).

Signalment: 3 year-old, female,
Standardbred, Equus caballus, horse

History: This mare had a history of
decreased racing performances of a few
weeks duration. A week prior to its last race,
an endoscopic examination was performed
and revealed excessive tracheal mucus; it was
treated with enrofloxacin for a week. The
morning after its last race, the horse was
anorectic and listless/depressed; it was
treated with 1V trimethoprim-sulfa, DMSO
and electrolytes. The condition rapidly
worsened over the next 24 hours, with
tachypnea, marked weakness and fever.
Clinical  biochemistry revealed hyper-
creatininemia (800 pmol/L; normal range:
87-150). Tracheobronchial washing results
were within normal limits. Acute renal failure
was strongly suspected. Due to the poor

Right kidney; horse. The cortex is diffusely hemorrhagic.
(Photo courtesy of: Université de Montréal, Faculty of
veterinary medicine, St-Hyacinthe, Quebec, Canada.
http://www.medvet.umontreal.ca )
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prognosis, the owners elected for euthanasia
and a full necropsy was performed.

Gross Pathology: There was subcutaneous
edema with multifocal petechiation in the
dependent portions of the abdomen.
Approximately 1.5 L of blood-tinged serous
fluid was present in the thoracic cavity. The
lungs showed moderate diffuse congestion
and edema with a few small (< 1 cm)
randomly distributed dark red foci. The liver
was pale and appeared slightly yellowish.
The cortex of both kidneys was diffusely
hemorrhagic.  Petechiae were present
multifocally on the small intestinal mucosa,
sometimes accompanied by mild submucosal
edema. Colonic contents were slightly more
fluid than normal, without any associated
lesions.

Laboratory results: Routine aerobic
bacteriology on ileum and colon yielded 4+
of an a-hemolytic Streptococcus (not further
identified) and 1+ of E.coli (negative for
Salmonella). The latter was negative by PCR

Kidney, horse: There is thrombosis and thickening of
vascular walls by fibrinoid material, involving glomerular
capillaries, and interlobular and afferent glomerular
arterioles. Multifocal acute tubular necrosis is also
present. (Hematoxylin-eosin-phloxine-saffron, 400X).
(Photo courtesy of: Université de Montréal, Faculty of
veterinary medicine, St-Hyacinthe, Quebec, Canada.
http://www.medvet.umontreal.ca )
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for all tested virulence factors including Stx1
and Stx2.

Microscopic  Description:  On  low
magnification, the renal cortex has a
variegated appearance. There are severe and
extensive cortical interstitial hemorrhages
associated with vascular lesions involving
glomerular capillaries, interlobular and
(afferent) glomerular arterioles, and fewer
venules. These lesions consist of hyaline
thrombi and thickening of vascular walls by
fibrinoid material with nuclear debris
(fibrinoid necrosis). The fibrinoid material is
often peripheral, luminal and parietal (the
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thrombi associated with erythrocytes, and thickening of
glomerular loops by fibrinoid material and rare nuclear
debris. (Hematoxylin-eosin-phloxine-saffron, 400).
(Photo courtesy of: Université de Montréal, Faculty of
veterinary medicine, St-Hyacinthe, Quebec, Canada.
http://www.medvet.umontreal.ca )

limit is often blurred), and associated with
erythrocytes; the fibrinous nature is
supported by its Martius scarlet blue
positivity. The fibrinoid vascular material is
PAS-positive and Jones’ silver-negative.
Especially in non-hemorrhagic areas, the
capillaries in some glomeruli contain
granular material  (possible platelets),
fragmented erythrocytes and/or thrombi.
There is multifocal acute tubular necrosis in
the cortex and superficial medulla, the extent
of which is hard to evaluate (some post-
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mortem change and very acute), and tubular
proteinosis.  Inflammation is  minimal:
occasionally a few interstitial degenerate
neutrophils and small lymphocytes.

Contributor’s Morphologic Diagnoses:
Severe, extensive renal  necrotizing
vasculopathy with fibrin thrombi (glomerular
capillaries, interlobular and afferent
glomerular  arterioles) and  extensive
hemorrhage (consistent with hemolytic-
uremic syndrome).

Multifocal, acute tubular necrosis (ischemic,
secondary to vascular lesions).

Contributor’s Comment: Even though
hematological data was not available (i.e. to
assess microangiopathic hemolytic anemia
and thrombocytopenia), hemolytic-uremic
syndrome was the final diagnosis, based on
the renal lesions associated with acute renal
failure. Unfortunately, no cause was found,
but only Shiga toxin-producing E. coli
(STEC) were investigated.

Hemolytic-uremic syndrome (HUS) and
thrombotic thrombocytopenic purpura (TTP)
are the two best-known thrombotic
microangiopathies, which are clinical
syndromes  characterized by  micro-
angiopathic hemolytic anemia,
thrombocytopenia and dysfunction of one or
more organs, the result of microvascular
thrombosis and endothelial damage. Both
HUS and TTP cause the formation of
platelet-rich thrombi in the microcirculation
and endothelial swelling, which cause
erythrocyte fragmentation (leading to
anemia) and excessive platelet consumption
(leading to thrombocytopenia)."1% In their
original description, HUS involved mostly or
only the kidney, with acute renal failure as a
prominent feature, while TTP involved
mostly the brain, with mainly neurologic
manifestations. However, it is now known
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Kidney, horse: Kidney; horse. A Martius scarlet blue
stain shows the luminal and parietal distribution of fibrin
(red staining) in glomerular capillaries, and interlobular
and afferent glomerular arterioles. Martius scarlet blue.
(Martius, 400X) Photo courtesy of: Université de
Montréal, Faculty of veterinary medicine, St-Hyacinthe,
Quebec, Canada. http://www.medvet.umontreal.ca )

that HUS can involve organs other than the
kidney, including the brain (and thus cause
neurologic dysfunction), and TTP patients
often have renal involvement; thus, these two
clinical syndromes often  overlap.”*
Thrombotic microangiopathies in humans are
now classified, based on  known
causes/pathogenesis or associations, as 1)
typical HUS (epidemic, classic or diarrhea-
positive HUS), atypical HUS (non-epidemic
or diarrhea-negative HUS) and TTP. Typical
HUS (tHUS) is caused by intestinal Shiga
toxin-producing bacteria, in most cases E.coli
producing Stx1 ot Stx2 (STEC), and
occasionally other bacteria like Shigella
dysenteriae type 1; the best known STEC
serotype is the O157:H7, which is most often
acquired by ingestion of undercooked
contaminated ground beef (thus its
sometimes epidemic nature). Atypical HUS
(aHUS) is often associated with a genetic
(mutation) or, less commonly, acquired
(autoantibodies) deficiency of complement
regulatory proteins, mostly factor H (CFH),
predisposing to hyperactivation of the
alternative complement pathway.
Thrombotic thrombocytopenic purpura
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(TTP) is associated with an acquired
(autoantibodies) or, less commonly, a genetic
(mutation) deficiency in ADAMTSI13, a
metalloproteinase which degrades high-
molecular-weight ~ multimers  of  von
Willebrand Factor (VWF); subsequent
accumulation of ultralarge vWFmultimers
(UL-VWF) in plasma promotes platelet
aggregation and activation. Triggering
conditions or exposures associated with
aHUS and TTP include pregnancy,
autoimmune diseases and certain drugs (e.g.
cyclophosphamide).l”1° The pathogenesis of
these  syndromes is complex and
incompletely understood. The initiating
factor in tHUS is endothelial damage by
Shiga toxins while it seems to be platelet
aggregation in TTP.L"1 In recent years,
complement hyperactivation has been
proposed as an important common
pathogenetic factor, due to its prothrombotic
and proinflammatory effects (platelets are
activated by complement); the glomerular
endothelium, which is targeted in aHUS, is
highly susceptible to complement. In tHUS,
P-selectin upregulation in endothelial cells by
Shiga toxins results in complement
deposition on these. Hyperactivation of the
alternative complement pathway is central to
aHUS pathogenesis. In TTP, the large
platelet thrombi may contribute to
complement activation. This hypothesis is
supported by the clinical efficiency of an
anti-C5 antibody in aHUS and some cases of
tHUS and TTP.1°

The pathology of tHUS, aHUS and TTP is
essentially similar. Microscopic hallmarks of
the acute phase of these conditions in the
kidney are: 1) occlusion of glomerular
capillaries by platelet-rich fibrin thrombi, 2)
capillary wall thickening due to endothelial
cell swelling and subendothelial cell debris
and fibrin deposits, 3) mesangial damage
(cells and matrix), and 4) often fibrinoid
necrosis of interlobular and afferent
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glomerular arterioles. These vascular lesions
may lead to variably extensive cortical
necrosis. Chronic lesions are only seen in
aHUS and TTP.!

Hemolytic-uremic syndrome is better known
in human medicine, but natural cases have
been reported in horses and dogs;?*4%89 the
cause was not determined except in one
equine case, involving a mare and her foal, in
which a 0138:H2 STEC was isolated from the
mare’s uterus and  both  animal’s
gastrointestinal tract.*

JPC Diagnosis: Kidney, cortex: Necrosis
and hemorrhage, diffuse, severe with
fibrinoid wvascular necrosis and numerous
fibrin thrombi.

Conference Comment: The contributor has
provided an excellent review for hemolytic-
uremic syndrome in humans. As previously
discussed,  “typical”  hemolytic-uremic
syndrome may result from endothelial
damage by Shiga toxins produced by several
strains of enteropathogenic E. coli (EPEC)
This toxin, encoded in the genome of
bacteriophages in these strains, binds to the
glycolipid receptor globotriaosylcermaide
(Gb3) on the surface of endothelial cells.* A
number of mechanisms result in necrosis of
infected cells, including the inhibition of
protein synthesis, leading to vascular
permeability and cell lysis. The concomitant
exposure  of  endothelial cells to
lipopolysaccharides or various inflammatory
cytokines (TN F-alpha, IL-1) increases the
sensitivity of endothelial cells to the
cytotoxic effects of Shiga toxin.

The susceptibility of a particular cell or tissue
to the effects of Shiga toxin is directly
proportional to the concentration of the Gb3
receptor in a particular tissue. The classic
lesions of edema disease in in swine, a
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Kidney, horse: Kidney; horse. The fibrin/fibrinoid
vascular material is PAS-positive. (Periodic acid-Schiff,
400X). (Photo courtesy of: Université de Montréal,
Faculty of veterinary medicine, St-Hyacinthe, Quebec,
Canada. http://www.medvet.umontreal.ca)

disease associated with enterohemorrhagic O
serotypes of E., coli (0138, 0139, 0140)-
edema of the eyelids, gastric wall,
mesocolon, larynx, and cerebrum - are
directly related to the high concentrations of
Gb3 receptors in these tissues.

The most widely recognized Shiga-toxin
producing E. coli (STEC) is 0157: H7, a
major human pathogen, although over 200
other STEC serotypes have been identified.™®
In calves less than four weeks of age, STEC
have been associated with ulcerative
fibrinohemorrhagic enterocolitis and
dysentery. Lesions are most commonly seen
in the spiral colon and rectum, although
occasionally the ileum and cecum are
involved. In a review of outbreaks of human
enterohemorrhagic E. coli (EHEC), cattle
were identified as a natural reservoir of STEC
and approximately 75% of outbreaks in
humans are limited to the consumption of
contaminated beef.1!

In dogs, STEC have been associated with
dysentery and in greyhounds, the syndrome
of cutaneous and renal glomerular
vasculopathy has been attributed to the
consumption of STEC-contaminated beef.™®
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A similar condition of cutaneous and renal
glomerular vasculopathy has been recently
identified in the UK in dogs, although STEC
were not identified in feces from affected
dogs.®

Another very interesting lesion resembling
those caused by STEC has been identified in
the mesentery of horses with naturally and
experimental endotoxemia.  The lesion
consists of marked necrosis and loss of
medial smooth muscle cells in the mesenteric
arterioles with fibrinoid degeneration and
intramural hemorrhage.*?

The moderator discussed thrombotic micro-
angiopathy, a term which covers a wide range
of conditions (infectious disease, drug
reactions, and hypertension among others) in
which there is direct damage to endothelial
cells. The morphology of renal damage
among the disparate forms of TMA does not
always target the same vessels in the kidney,
as “not all endothelial cells are alike.” While
the large areas of infarction are the
overwhelming feature of this particular slide,
careful  inspection of will reveal
inflammatory cells and cellular debris within
the walls of radial arteries ( a change referred
to in some quarters as “necrotizing arteritis of
Weisbrode”) as well as the present of
occlusive thrombi; thrombi are also present
in glomerular tuft capillaries as well. The
possibility of purpura hemorrhagica as an
etiology (which would cause a lesion more
similar to TTP than HUS) was also discussed
in this case.

While the clinical picture and lesion
morphology is consistent with documented
cases of hemolytic-uremic syndrome in the
horse, the unavailability of hematologic data,
coupled with the inability to identify Shiga
toxins (and only a section of kidney to
review) may call for a less specific diagnosis
than hemolytic-uremia syndrome in this
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particular case.

Contributing Institution:

Université de Montréal, Faculty of veterinary
medicine, St-Hyacinthe, Quebec, Canada.
http://www.medvet.umontreal.ca
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CASE 1V: 13-555-21 (JPC 4034756-00).

Signalment: 8-month-old, neutered male
Airedale, Canis  familiaris,  canine.

History: Presented with  depression,
vomiting and diarrhea. Significantly raised
urea, creatinine, phosphate, sodium, calcium.
Did not improve with three days of
intravenous  fluid therapy and was
euthanised. Only the kidneys were sent by the
clinician via the surgical biopsy service.

Gross Pathology: Irregularly pitted with an
undulating capsular surface.

Laboratory results: None.

Microscopic Description: Kidney.
Diffusely, the renal capsule is moderately
thickened and multifocally depressed. The
subjacent parenchyma consists of irregular
foci of loose primitive stroma that contains
small caliber vessels, primitive tubules and
tubules lined by irregularly tall
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Kidney, dog. At subgross magnification, the kidney is
characterized by diffuse ectasia of tubules and glomeruli.
(HE, 5X)

columnar epithelium with basilar nuclear
location (persistent metanephric  ducts).
Extending radially from the outer cortex to
the medulla are multifocally extensive areas
of loose fibrous stroma (interstitial fibrosis;
confirmed  with  trichrome  staining).
Predominantly within these areas and
affecting over 80% of glomeruli, Bowman's
spaces are markedly dilated and multifocally
contain a moderately shrunken glomerulus.
Multifocally within the superficial cortex
glomeruli are small with peripheral nuclei
and indistinct capillary tufts (fetal glomeruli).
Multifocally Bowman's capsules contain
intramural, spherical (2-15um diameter)
basophilic material (mineral; confirmed with
von Kossa staining). Diffusely cortical
tubules are markedly dilated (up to 120um in
diameter). Tubules are multifocally lined
either by plump cuboidal to flattened

(attenuated) tubular epithelium or epithelium
that is enlarged and hypereosinophilic
(tubular degeneration) or multifocally by
enlarged, severely vacuolated epithelium
with karyorrhexis and karyolysis (tubular
necrosis). Multifocally tubules contain
amorphous hyaline to granular
hypereosinophilic material (protein casts)
and tubular epithelium is multifocally
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replaced or deviated by amorphous
basophilic material (mineral; confirmed with
Von Kossa staining). Collecting ducts range
in diameter from 20 to 140um and are
variously lined by attenuated to plump
cuboidal and columnar epithelium, which
multifocally partially occludes the lumen
(atypical epithelium). Multifocally collecting
ducts are surrounded by areas of loose,
undifferentiated mesenchyme that is focally
infiltrated by low numbers of neutrophils;
multifocally lumina contain  sloughed
pyknotic and karyorrhectic debris (necrosis).
The cortical interstitium is infiltrated by low
numbers of lymphocytes and plasma cells.

Contributor’s Morphologic Diagnoses: 1.
Kidney; dysplasia with fetal glomeruli,
persistent metanephric ducts, primitive
mesenchyme and atypical tubular epithelium.

2. Kidney; marked diffuse tubular and
Bowman's space ectasia with multifocal
tubular  degeneration,  necrosis  and
mineralization and moderate interstitial
fibrosis

Contributor’s Comment:

Canine renal dysplasia is usually congenital
and often thought to be hereditary resulting in
disorganized  development  of  renal
parenchyma due to anomalous
differentiation.* It has been reported in many
breeds including the Golden Retriever,
Beagle, Dutch  Kookier,  Miniature
Schnauzer, Shih Tzu, Lhasa Apso, Great
Dane, Samoyed, Alaskan Malamute,

Cavalier King Charles Spaniel and Bulldog.
1,2,3,59,11

Disease in the early neonatal period may also
cause renal dysplasia by affecting
incompletely differentiated renal tissue. This
has been reported in puppies that survived
intraperitoneal  infection  with  canine
herpesvirus at 2 days of age and were
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Kidney, dog. Higher magnification shows a marked dilation of Bowman’s space and atrophy of glomerular tufts. There is
diffuse loss of tubules, ectasia of many remaining tubules with attenuated epithelium, marked interstitial fibrosis, and mild

interstitial lymphocytic interstitial inflammation. (HE, 130X)

sacrificed at 11 and 16 days post infection.®
Similarly renal dysplasia has been reported in
calves and kittens following infection with
bovine pestivirus and feline parvovirus,
respectively.*

The kidney develops from successive
structures, which overlap in their formation.
Renal malformation can therefore occur in
many patterns. The developing structures
include the pronephros, mesonephros and
ultimately, the metanephros. The pronephros
and mesonephros degenerate to vestigial
remnants but are crucial in the correct
formation of the metanephros. The
metanephros or ‘definitive kidney' forms
from complex interaction of the ureteral bud
and metanephric blastema. This may explain
why malformations of the kidney are often

accompanied by ureteral anomalies in man,
although this is not commonly reported in
dogs.* 10

The clinical presentation and the age at which
signs develop are variable. Renal dysplasia in
neonates has been associated with reduced
appetite, intermittent vomiting, dullness,
poor growth and polyuria/polydipsia.
Puppies may not survive to weaning; longer
survival (over 4 months) results in clinical
signs that can be attributed to uremia such as
vomiting, diarrhea, anemia, nervous signs
and fibrous osteodystrophy ("rubber jaw").®

Renal dysplasia may be uni- or bilateral.
Grossly, affected kidneys may be small and
therefore potentially they could be mis-
diagnosed as hypoplastic. They may also be
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Kidney, dog. Glomeruli near the capsular surface have a
fetal appearance without glomerular capillaries, and a
peripheral rim of primitive podocytes with hyperchromatic
nuclei. (HE, 183X)

misshapen, lobulated, contain an irregularly
thin cortex or thick walled cysts and they may
be associated with dilated tortuous ureters.*®
They can be indistinguishable from end stage
renal lesions in old dogs.® Alternatively, they
may appear grossly normal, and therefore
histopathological examination is required for
diagnosis.*

In the largest case series available, 45 dogs of
various breeds were diagnosed with renal
dysplasia.  Histological features were
described as primary, compensatory and
degenerative or inflammatory. At least one of
the following primary features was identified
in each case:

1) Asynchronous differentiation of
nephrons, defined by the presence of
fetal or

immature glomeruli and/or tubules
(40/45 cases).

2) Persistent mesenchyme: a loose
stroma found in the medulla, which is
alcian blue

positive and trichrome stain negative
(25/45 cases).

3) Atypical tubular epithelium
reported as adenomatoid cuboidal or
clusters of
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squamous epithelial cells (7/45
cases).

4) Persistent metanephric ducts,
which are ducts in the outer medulla
lined by tall

pseudostratified columnar epithelium
and often dilated (6/45 cases).

5) Dysontogenic metaplasia:
represented as cartilaginous or
osseous metaplasia (2/45

cases).’

There is disagreement between authors on the
features required for a diagnosis of renal
dysplasia. Some authors believe juvenile
nephropathy or juvenile renal disease is a
more appropriate term for cases of renal
dysplasia which do not exhibit primitive
ducts or dysontogenic metaplasia. Dyson-
togenic metaplasia and primitive
metanephric ducts are the least commonly
observed features in ‘renal dysplasia,
therefore making the classification restrictive
and excluding many cases where fetal
glomeruli alone are observed. Juvenile
nephropathy is a general term that includes
non-inflammatory, degenerative,
developmental and chronic renal disease of
unknown pathogenesis and is therefore non-
specific. However this may be a more
appropriate term for cases whereby the
pathogenesis of the dysplasia is unknown or
unclear. Further increasing the confusion,
‘familial renal disease’ has been used
interchangeably with renal dysplasia in the
literature. #>°

Compensatory features were described in
20/45 cases and included enlarged glomeruli
with mesangial hyperplasia and cortical
tubular dilation with hypertrophic and
hyperplastic cuboidal epithelial lining.
Degeneration and inflammatory changes may
be severe and therefore obscure primary
features required for diagnosis.
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Degenerative/inflammatory features were
present in all cases and predominantly
included interstitial fibrosis, which was often
segmental and within areas of fetal glomeruli.
The appearance of tubulointerstitial nephritis
and pyelonephritis was in parallel with the
severity of fibrosis. Other changes observed
included dystrophic mineralization, cystic
glomerular atrophy, microcystic tubules,
retention cysts and glomerular lipidosis.®

JPC Diagnosis: 1. Kidney: Asynchronous
maturation, diffuse, marked, with
glomerulocystic atrophy, fetal glomeruli,
marked tubular ectasia, and mild chronic
interstitial nephritis.

2. Kidney: Tubular loss, diffuse, moderate,
with granular cast formation and rare
epithelial necrosis.

Conference Comment: The contributor has
provided a concise but relatively thorough
discussion of renal dysplasia in the dog.

A slightly more detailed review of renal
embryogenesis may help in understanding its
development. During fetal development, the
ureteric bud, an evagination of the
mesonephric  duct, develops into the
metanephros.  The ureteric bud extends
cranial dorsally into the overlying
metanephric blastema whereupon successive
divisions of the wureteric bud result in
formation of the collecting ducts. Interaction
with  mesenchymal cells within the
metanephric  blastoma results of the
formation of the remainder of the nephron,
including glomeruli and tubules.  The
structures initially form at the cortical
medullary junction, but as the collecting
ducts elongate, or subsequently formed in the
superior aspects of the cortex. The first few
weeks of life see additional development of
renal structures.’
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As the importance of the ureteric bud in the
overall development of the kidney now
becomes clear, it can be understood how
ureteral abnormalities during development
have such a profound impact on the
developing kidney. Abnormal placement of
the ureters during development as well as
lower urinary tract obstruction have both
been identified as major contributors to renal
dysplasia in humans.” 1 Such extra-renal
abnormalities are not commonly reported in
dogs, but this may be the result of incomplete
autopsy examination of the entire urinary
tract.’

As renal dysplasia is a complex,
multifactorial disease, obviously there are
many other contributors than simply the
placement of the ureteric bud. Regulation of
“renal  branching  morphogenesis” is
controlled by a wide range of transcription
factors, growth factors, and cell surface
signaling peptides which, if deficient, results
in improper induction of the metanephric
blastema and ultimately, renal dysplasia.*
Subsequent to the observation that
cyclooxygenase-2 (Cox-2) deficient mice
exhibit renal changes similar to renal
dysplasia in dogs, the Cox-2 genes of Lhasa
Apso affected with familiar renal dysplasia
were sequenced and compared to that of

Kidney, dog. The presence of granular and cellular casts
within dilated tubules is not common in canine juvenile
nephropathy, and suggests a superimposed second insult
to the abnormal renal development in this case. (HE,
285X)
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normal dogs.'?> Small insertions and the
deletions of GC boxes upstream of the ATG
translation start site (which are putative SP1
transcription factor binding sites) were found
upstream of the A translation start site in
affected animals.?

During the slide description, the moderator
commented on the difficulty on the precise
identification of primitive mesenchyme and
metanephric tubules in cases of juvenile
nephropathy, as well as the spirited
discussions that it often engenders among
experts in renal disease. Without precise
definitions for these terms even among
experts, their identification in many cases is
often quite subjective and fraught with peril.
In this particular case, after some discussion,
the “primitive mesenchyme” identified by
some attendees was determined to be
edematous mature collagen, and immature
tubules more likely to be the result of
interesting sectioning of collecting ducts.

The moderator also commented on the
amount of debris within tubules which is
uncommon in cases of juvenile dysplasia. In
this case, this cellular debris is more
suggestive of a second, more recent tubular
insult, resulting in this animal’s acute uremic
presentation. The developmental
abnormalities seen in this kidney, although
dramatic, likely would not have resulted in a
death at 8 months on their own. She also
commented on the profound ectasia of
Bowman’s capsules in this case, strongly
suggesting downstream obstruction (which is
corroborated by the marked tubular ectasia
also seen in this case.)

The term “renal dysplasia” itself appears to
be falling from favor today among
pathologists and clinicians, with other terms
such as “juvenile nephropathy” and “renal
maldevelopment” gaining favor.
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Self-Assessment - WSC 2018-2019 Conference 4

1. Which of the following has not been reported in association with equine infection with B.

burgdorferi?

a. Skin infection

b

. Kidney infection

c. Neural infection

d

N

a.
b.
C.
d.

. Eye infection

Which of the following is NOT a cause of immune-complex glomerulonephritis?

D. immitis

Systemic lupus
Chronic SIV infection
Anti-GBM disease

3. Which of the following is associated with a Shiga-toxin producing strain of E.coli?

a.
b.
C.
d.

Microangiopathic hemolytic anemia

Typical hemolytic-uremic syndrome

Atypical hemolytic-uremic syndrome
Thrombocytopathic thrombocytopenic purpura

4. Which of the following is not considered a primary feature of renal dysplasia?

a.

b.
c.
d

5. Whic

a.

b.
c.
d

Persistent mesenchyme

Hydronephrosis

Fetal glomeruli

Presence of cartilaginous or osseous metaplasia

h of the following is a common cause of renal dysplasia in humans?
p53 mutation

In utero trauma

Abnormal placement of the ureter during development

Cox-2 mutation

Please email your completed assessment to Ms. Jessica Gold at Jessica.d.gold2.ctr@mail.mil for grading. Passing score is
80%.This program(RACE program number) is approved by the AAVSB RACE to offer a total of 0.5 CE Credits, with a
maximum of 12.5 CE Credits being available to any individual Veterinary Medical Professionals for the 2017-2018
Wednesday Slide Conference. This RACE approval is for the subject matter categories of: SCIENTIFIC using the
delivery method of NON-INTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize

AAVSB RACE

; however, participants are responsible for ascertaining each board’s CE requirements.

RACE does not “accredit”, “endorse” or “certify” any program or person, nor does RACE approval validate the content

of the program.
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CASE |I: 1505184 (JPC 4066664-00).

Signalment: 14-month-old Holstein heifer.

History: Two 14-month-old Holstein heifers
were presented to the large animal clinic as
representatives from a heard outbreak, which
affected five other heifers on the farm who
had more severe signs and had subsequently
died or were euthanized. This heifer (heifer
A) died immediately prior to transit to the
clinic, and had no known clinical signs. Her
live herdmate (heifer B) had a 2-week-
duration of clinical signs of unthriftiness, oral
and cutaneous ulcers with ptyalism, and
ocular signs including squinting, epiphora,
and corneal ulcers. On physical exam, this
heifer B was tachycardic and tachypneic with
a rectal temperature of 103° Fahrenheit and
generalized peripheral lymphadenomegaly.
Heifers involved in the outbreak were also
reported to have had cloudy eyes and
appeared to be blind. Also housed in close
physical proximity to the heifer herd were 5
sheep that had recently lambed. No
treatments were performed at this time, and
due to suspicion for malignant catarrhal
fever, the live herdmate was euthanized
without further clinical diagnostics or
treatment.

Gross Pathology: Autopsy of the euthanized
herdmate (heifer B) revealed severe crusting
and ulcerative dermatitis and stomatitis
including  the  following  locations:
perineal/perivulvar, periocular, mammary,
perinasal/perioral and tongue. In addition,
large raised to crateriform ulcers with
adherent diphtheritic membranes were
present throughout the rumen, as well as
generalized lymphadenopathy, splenomegaly
and corneal edema. Autopsy of the
spontaneously dead heifer (heifer A) revealed
meningeal edema and hyperemia with
cerebellar coning, consistent with cerebellar

e
LB

Cerebellum and trachea, ox. Sections of cerebellum and
trachea are submitted for examination. Congestion and
hemorrhage within the cerebellar leptomeninges as well
as the tracheal submucosa are evident at low
magnification. (HE, 5X)



herniation. The brain did not autofluoresce
under exposure to ultraviolet light.

Laboratory results: A panel including
serology and PCR tests was submitted on
blood drawn from the live heifer (heifer B)
immediately prior to euthanasia. A nested
PCR test was positive for ovine herpesvirus-
2 malignant catarrhal fever (MCF) virus, and
negative for the alcelaphine herpesvirus-1
and 2 MCF viruses. Coronavirus PCR tests
performed on intestinal contents were also
negative. ELISA serology tests detected
antibodies for bluetongue virus; however,
PCR tests performed on serum for
bluetongue virus were negative. No serum
antibodies were detected by ELISA for foot
and mouth disease virus, vesicular stomatitis
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virus (Indiana or New Jersey strains) or
epizootic hemorrhagic disease of deer virus.
Virus isolation performed on fresh lung,
liver, kidney and spleen sections harvested
immediately postmortem were negative for
bovine viral diarrhea virus (BVDV) and
infectious bovine rhinotracheitis (IBR) virus.

Microscopic  Description:  Cerebellum,
Trachea (heifer A): Within the cerebellar
leptomeninges and tracheal mucosa and
submucosa, there is marked vasculitis with
edema, multifocal to coalescing lympho-
histiocytic infiltrates and hemorrhagic foci.
The vasculitis is characterized by moderate
numbers of lymphocytes, histiocytes, plasma
cells and neutrophils that expand the tunica
adventitia and transmigrate through the walls

Cerebellum, ox. Higher magnification of the leptomeninges with abundant hemorrhage, and a lymphohistiocytic infiltration
which extends down into Virchow-Robin’s Space. There is protein and cellular debris in the wall of a small arteriole
(vasculitis) and an infiltrate of lymphocytes and plasma cells in the leptomeninges as well as the adjacent Virchow-Robins’
space. (HE, 215X)



of varying caliber arterioles and venules.
Segments of vascular walls demonstrate
pyknosis and karyorrhexis with fibrinoid
necrosis and hemorrhagic foci that are also
scattered within the cerebellar parenchyma.

Numerous discrete clear vacuoles surround
Purkinje cells, which often demonstrate
cytoplasmic hypereosinophilia
(degeneration). The tracheal mucosal
epithelium is multifocally attenuated, with
loss of apical cilia, or necrotic and denuded
and replaced by eosinophilic and
karyorrhectic debris, necrotic neutrophils and
extravasated erythrocytes. Similar
inflammatory  populations surround and
infiltrate seromucinous glands.

The kidney and urinary bladder from heifer A
had similar vascular changes as described
above in addition to multifocal associated
interstitial ~ inflammation  with  tubular
necrosis and regeneration in the kidneys, and
ulceration of the transitional epithelium of
the urinary bladder with submucosal
hemorrhage. Similar vascular changes and
inflammatory infiltrates were also present in
the cutaneous, oral and rumen lesions of
heifer B, and the choroid of both eyes. In skin
and mucosal lesions, inflammatory infiltrates
often extended from the submucosa and
dermis into the overlying
epidermis/epithelium, occasionally blurring
the basement membrane. The epidermis and
squamous mucosa of the tongue and rumen
frequently contained deep erosions to ulcers
covered by waves of serocellular crusts
containing colonies of bacteria, grit and
fragments of plant material. In other regions
there was multifocal keratinocyte necrosis
within all layers of the epidermis/epithelium
characterized by cytoplasmic  hyper-
eosinophilia with loss of intercellular
desmosomes and  pyknosis.  Marked
paracortical hyperplasia was observed within
enlarged peripheral lymph nodes of heifer B.
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Trachea, ox. There is segmental necrosis of ciliated
epithelium, and infiltration of the mucosa and underlying
submucosa with numerous lymphocytes, and fewer
histiocytes and neutrophils. There is also submucosal
hemorrhage and edema. (HE, 216X)

Contributor’s Morphologic Diagnoses:
Cerebellum:  Moderate-severe  lympho-
histiocytic  meningitis and  segmental
necrotizing vasculitis with multifocal acute-
subacute hemorrhage.

Trachea: Moderate multifocal acute erosive
and ulcerative tracheitis with severe
lymphohistiocytic  necrotizing  vasculitis,
perivasculitis and adenitis.

Contributor’s  Comment: Malignant
catarrhal fever (MCF) is a highly fatal
lymphoproliferative viral disease reported
worldwide affecting many wild and captive
species of the order Artiodactyla.>® The MCF
virus group comprises ten gamma-
herpesviruses, belonging to the recently
assigned Macavirus genus*®’, six of which
are naturally pathogenic.>® These include
alcelaphine herpesvirus-1 (AIHV-1),
alcelaphine herpesvirus-2 (AIHV-2), ovine
herpesvirus-2 (OvHV-2), caprine
herpesvirus-2, (CpHV-2), MCF of white-
tailed deer (Odocoileus virginianus) (MCFV-
WTD), and ibex-MCFV. Experimental
infection with hippotragine herpesvirus-1
(HipHV-1) in domestic rabbits (Oryctolagus
cuniculus) is documented, but no natural
infections have been reported.>®  Non-
pathologic members include: gemsbok-MCF,
muskox-MCF, and aoudad-MCF, also named



after their respective carrier species.>®
Identified natural host species including
wildebeest (Connochaetes taurinus),
domestic sheep (Ovis aries), wild and
domestic goats (Capra hircus) and roan
antelope (Hippotragus equinus) are a source
of infection for susceptible, poorly adapted
species such as American bison (Bison
bison), many cervids, and domestic cattle
(Bos taurus).

Of paramount economic importance to those
managing bison, deer, and exotic game
farms, as well as zoological collections, are
alcelaphine herpesvirus-1 (AIHV-1) and
ovine herpesvirus-2 (OvHV-2), the causative
agents of wildebeest-associated MCF (WA-
MCF), and sheep-associated MCF (SA-
MCF)  respectively.  Susceptibility to
infection by pathogenic MCF viruses and
development of disease in non-reservoir
hosts varies.® In general, Bali cattle/banteng
(Bos  javanicus),  white-tailed  deer
(Odocoileus virginianus), Pere David's deer
(Elaphurus davidianus), and American bison
are highly susceptible to disease following
infection; water buffalo (Bubalus bubalis),
and many cervids are intermediately
susceptible; domestic cattle and pigs (Sus
scrofa) are mildly susceptible; and fallow
deer (Dama dama) are resistant.>®
Additionally, laboratory animals such as
rabbits (Oryctolagus cuniculus) and hamsters
(Mesocricetus auratus) are susceptible to
experimental infection.®

The clinical signs associated with WA-MCF
and SA-MCF are indistinguishable.>® In
most cases, animals present with fever,
depression, anorexia, and a constellation of
clinical signs, termed the "head and eye"
form, which includes: oral mucosal ulcers,
ptyalism, oculonasal discharge, dyspnea,
corneal edema, hypopyon and photophobia.
Additionally, dysentery, profuse catarrhal
and mucopurulent nasal discharge and
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generalized lymphadenopathy are
characteristic of the intestinal form, and
severe nasal mucosal inflammation and
hemorrhagic gastroenteritis are characteristic
of the peracute form. Hematuria, stranguria,
and convulsions can also be seen.® In cattle
infected with OvHV-2, there is usually an
acute onset of clinical signs, but experimental
studies show that some animals may present
with disease months after infection.®

Bison are 100 times more likely to become
infected, and 10,000 times more susceptible
to developing MCF than cattle®, but
experimentally-induced MCF with OvHV-2
in bison yields milder clinical signs
(oculonasal discharge, peripheral
lymphadenopathy) and vascular lesions
(arteritis, phlebitis) than in cattle.® CpHV-2
harbored asymptomatically in wild and
domestic goats infects many species of deer
and manifests usually as chronic weight loss,
dermatitis and alopecia.> Goats also harbor
OvHv-2, and may be the source of infection
for white-tailed deer in MCFV-WTD, which
is now known to affect other cervids such as
the red brocket deer

(Mazama americana).® CpHV-2 has also
been linked to a recent report of MCF in a
captive

pudu (Pudu puda). It is important to note that
viral shedding of OvHV-2 and AIHV-1 does
not occur in clinically infected susceptible
hosts>®, so an infected animal is not a threat
to its herd mates.

Common histopathological findings include:
mononuclear mucosal inflammation and
necrosis in the gastrointestinal tract,
respiratory tract and skin; lymphocytic
arteritis/phlebitis and perivasculitis in several
tissues; lymphoid hyperplasia (paracortical
and interfollicular); and

panophthalmitis. ~ Other  distinguishing
histologic features of MCF in American
bison are



Trachea, ox. There is diffuse necrosis of submucosal
gland and infiltration by numerous neutrophils and
perivascular accumulation of lymphocytes. (HE, 188X)

degeneration and apoptosis ofurothelium and
hemorrhagic cystitis.® In cervids, most
notably sika deer (Cervus nippon),
granulomatous hyperplastic dermatitis and
mural to perforating folliculitis are also seen.
Widespread necrosis, intracytoplasmic viral
inclusions and formation

of syncytia, typical of herpesviral infections,
are not observed in MCF.

Differential diagnoses include: mucosal
disease/bovine viral diarrhea virus (BVDV),
infectious

bovine rhinotracheitis (IBR), bluetongue
virus, epizootic hemorrhagic  disease,
vesicular stomatitis, foot and mouth disease,
rinderpest, and photosensitization. In this
case, the clinical history, gross and histologic
lesions, and positive PCR and serology tests
confirmed Ovine herpesviral-2 associated
MCF. Ancillary diagnostic tests in
conjunction with histologic lesions allowed
rule-out of the other differential etiologies
listed above. Although the heifer had
antibodies against Bluetongue virus, the
negative PCR test was most consistent of
prior exposure to the virus, but not active
infection. Definitive diagnosis requires a
combination of clinical signs in conjunction
with  positive serological test and/or
confirmation with virus DNA detection in
fresh or fixed tissue. This is due to the fact
that infected, highly susceptible hosts may
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have negative titers, and that low levels of
OVvHV-2 have been detected in clinically
healthy cattle.>®

Key similarities and differences in
transmission between alcelaphine and ovine
gammaherpesvirus infections in reservoir
hosts are listed below.>°

AIHV-1:

* Harbored in wilderbeest as lifelong
asymptomatic infection.

* Vertical and horizontal transmission
is possible, though most infections are
transmitted

horizontally.

* Newborn calves are infected and

continuously shed virus via ocular

and nasal secretions. Viral shedding
declines after about 3 months.

Outbreaks in susceptible hosts are

usually a seasonal phenomenon,

corresponding to

calving season in reservoir hosts.

OvHV-2:

» Harbored in sheep (and goats) as
lifelong asymptomatic infection.

e Transmission via placenta or
through  milk/colostrum is rare, most
infections transmitted horizontally.

 Lambs are born uninfected. Most are
infected by 2 months of age from
carrier adults. 6-9-month adolescents
are responsible for most viral
shedding predominantly via nasal
secretions. Uninfected lambs remain
susceptible to infection as adults.

» Sporadic outbreaks in susceptible
hosts as well as seasonal outbreaks
corresponding to calving season in carrier
hosts.

Most of our understanding of MCF is derived
from in vitro studies of AIHV-1, WA-
MCF.>12



Though OvHV-2 has yet to be cultured in
vitro, the discovery that OvHV-2 viral
particles are shed copiously in sheep nasal
secretions has helped elucidate the
pathogenesis of SA-MCF, and will be the
focus of this discussion. We now know that
the pathogenesis ofOVHV-2 infection in
sheep (the natural host) involves a 3-stage
replication cycle, characterized by entry and
initial replication in the lung, maintenance
with latent infection in lymphocytes, and exit
via replication and shedding in nasal mucosal
epithelium.® This differs from the 2-stage
replication cycle in

susceptible hosts with only entry, and
maintenance (with latent and Ilytic viral
replication), and

no viral shedding.’

In general, sheep are better adapted to
controlling the initial respiratory infection
with OvHV-2, as evidenced by a significant
increase in the level of expression of multiple
immune-related genes when compared to
susceptible species like bison and rabbits,
who seem to have a less effective initial
immune response in the lung.>® The products
of the following viral genes are used to
determine infection patterns in OvHV-2:
open reading frame (ORF) 25 (a major capsid
protein  associated  with lytic viral
replication), ORF73 (a latency-associated

nuclear antigen), ORF50 (R-transactivator
that induces latent to productive cell cycle

switch), and ORF9 (a DNA polymerase)®®

In sheep, lytic replication in the lower
respiratory tract after initial infection is
associated with detection of ORF25
transcripts. This is followed by a change in
viral tropism from alveolar epithelial cells to
lymphoid cells, and subsequent
dissemination of latently infected T-
lymphocytes. Although viral DNA may be
detected in many tissues in sheep, ORF25
transcripts are rarely detected, indicating the
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prevalence of a latent stage in tissues in the
natural host.® Although mechanisms of
reactivation are unclear, shedding following
reactivation occurs in the nasal mucosal
epithelium.® Conversely, in MCF-
susceptible species such as bison and rabbits
infected with OvHV-2, dissemination occurs
with a latent and lytic pattern of viral gene
expression, with viral gene transcripts
ORF25, 50 and 73 detected in multiple
organs during MCF disease.® Systemic viral
Iytic replication is positively associated with
severe illness in OvHV-2 infection as
evidenced in bison and rabbits with
SAMCF.> In contrast to OVHV-2, studies
with  AIHV-1 infection in rabbits (a
susceptible species) indicate that the virus is
not productive during MCF disease, with low
expression of viral genes (< 10% of viral
genome) and very low detection of viral
particles in tissues.’® Palmeira et al. (2013)
confirmed the expression of ORF73 (the
latency-associated nuclear antigen) during
active MCF disease, without detectable
expression of other ORF genes necessary for
viral production, giving supportive evidence
that active WA-MCEF disease occurs with a
latent viral infection. These findings were
further confirmed when experimental
nebulization of rabbits with an ORF73-
deleted recombinant virus, showed effective
initial host infection without the development
of MCF lesions. Since it was also
demonstrated at this time that AIHV-1
ORF73-null viral infection elicits an antibody
response, this null-virus is currently being
explored as a potential candidatefor vaccine
development.©

In susceptible host species, lesions are
associated with multisystemic lympho-
histiocytic vasculitis and vascular necrosis,
producing multiorgan inflammation,
hemorrhage and ulcers. It is controversial
whether the lympho-proliferation that results
in  generalized lymphadenopathy and



immunosuppression is a direct result of viral
infection of T lymphocytes, or a triggered
dysregulation of uninfected I- lymphocytes.®
In MCF disease, cytotoxic T lymphocytes are
the incriminated cell type in vascular
lesions.> In OVHV-2, CD8+ perforin+
cytotoxic T cells

as well as CD4+ perforin- regulatory T-cells
and B-cells, are involved in vascular
lesions.>®

IL-10, TNFa, IFNy, and IL-4 are
demonstrated, with no expression of IL-1~
and 1L-2 in OvHV-2 cell lines.® In AIHV-1,
CD3+ CD8+ CD4-cytotoxic T-cells with
increased expression of activated surface
markers CD25 and CD44, high levels of
IFNy, and perforin, and reduced levels

IL-2 are characteristic.*® It appears that
suppression of IL-2 production and signaling,
and thus, suppression of immune regulation
is common to the pathogenesis of disease in
both ALHV-1 and OvHV-2 MCF infections.®

Interestingly, in a recent study of OVHV-2 in
bison, cytoplasmic ORF25 protein was
demonstrated in perivascular fibroblasts,
with no detection in endothelium, vascular
leiomyocytes or transmigrating leukocytes,
presenting yet another potential avenue for
the pathogenesis of vascular lesions in MCF.”

The lesions in these two heifers included a
wide spectrum of clinical signs, as well as
gross and histologic lesions seen with MCF
disease, including cutaneous, gastrointestinal
(tongue and rumen), urinary, respiratory,
ocular and neurologic manifestations. This
herd outbreak serves as a reminder of the
various forms of MCF, the importance of
biosecurity regarding separation of ruminant
species in a production operation, and
emphasizes the multiple modalities required
to make a definitive etiologic diagnosis.

JPC Diagnosis: 1. Cerebellum: Vasculitis,
necrotizing and lymphocytic, multifocal,
moderate, with hemorrhage, neuronal
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necrosis, and diffuse lymphohistiocytic
meningitis.

2. Trachea: Vasculitis, necrotizing and
lymphocytic, diffuse, moderate, with
hemorrhage and mucosal and submucosal
gland necrosis.

Conference Comment: The contributor has
done an excellent job summarizing the
condition knowns as malignant catarrhal
fever, from species affected, basic
pathogenesis, and molecular aspects of this
disease.

American bison are considered one of the
most sensitive species to the various viruses
which may cause MCF, particularly that of
OHV-2. Dr. Donal O’Toole has written and
published extensively on this topic’®°, and
his comments certainly bear summarization
for this species, one of the U.S. most majestic
symbols.

Bison with MCF due to OvHV-2 are most
often found dead or dying, due to the large
size of bison pastures and the inherent
difficulties in patrolling these large areas of
land. Mortality among bison heard
approaches 100%, especially in those in
feedlots. Some feedlots experience up to
75% of all deaths as a result of MCF. Aerosol
transmission is an important route of
exposure between bison in sheep, especially
in sale barns.®

S

== RS URSETA
rachea, ox. Submucosal arterioles often are surrounded
by a lymphocytic infiltrate.



Acute clinical disease in bison predominates
over subclinical and chronic forms. In
natural outbreaks, preclinical pneumonia is
inconspicuous or may be masked by
aspiration pneumonia of the clinical disease.
Characteristic gross findings in terminal
animals include oculonasal discharge,
hemorrhagic  cystitis, necrohemorrhagic
typhlocolitis, ulcerative rhinitis, stomatitis,
pharyngitis, laryngitis, and esophagitis.®
Abortions may also occur. Due to its
prevalence in affected animals and rarity in
other conditions, hemorrhagic cystitis may be
used by owners in making a provisional
diagnosis of this condition. Generalized
lymph node hyperplasia is usually present,
but rarely as pronounced as in cattle.
Ulceration in the forestomachs and
alimentary tract is common. Traumatic
lesions due to goring may be seen and may be
incorrectly assumed to be the sole cause of
illness.

Histologic lesions are similar to that
discussed with cattle; in  addition,
degeneration of urothelium is a consistent
and helpful feature in fresh carcasses.
Fibrinoid necrosis is less common bison than
in cattle. Myocardial necrosis may be seen in
more longstanding cases as a result of
exertional myopathy.®

Sampling for OHV-2 is occasionally
problematic as the distribution of OHV-2
antigen may not necessarily reflect the
pansystemic nature of disease. Sampling a
minimum of 2 tissues, both lymphoid and
nonlymphoid is recommended, and OHV-2
DNA may also be found in peripheral blood
of clinically healthy bison. Interestingly in
spite of the widespread and often severe
lesions, no viral particles are detectable
ultrastructurally, and the expression of viral
antigens in tissue is limited. It is generally
assumed that the small fraction of infected
lymphocytes induces proliferation and

105

deregulation of uninfected cells, which may
induce lesions due to non-specific cytotoxic
effects.’

Contributing Institution:

University of Pennsylvania, School of
Veterinary  Medicine, Department of
Pathobiology
http://www.vet.upenn.edu/research/academi
c-departments/pathobiology/pathology-
toxicology
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CASE 11: 51408459 (JPC 4066395-00).

Signalment: An aborted Angus bull calf, Bos
taurus, bovine

History: An aborted Angus bull calf of
approximately 6 month gestation; second
first time heifer to have aborted fetus on the
previously non-grazed ranch.
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Gross Pathology: A 10.56 kg Angus bull
calf fetus with crown-to-rump length of 54
cm and in good post-mortem state. Lung
lobes were diffusely red and samples sank in
10% formalin [non-inflated lung]. The liver
weighed 0.84 kg, was deep red-brown,
nodular, markedly enlarged with rounded
margins, and had a cobblestone appearance
with multiple, pinpoint white foci scattered
throughout. Spleen and thymus were
markedly enlarged and diffusely lymph
nodes were enlarged and prominent.

No gross lesions / abnormalities were noted
in other viscera, brain, umbilicus, cranial
vault and in bones and joints of all limbs.
Placenta was not submitted.

Laboratory results: Tissues tested negative
for multiple agents on a full bovine abortion
panel which included Leptospira sp.,
Salmonella sp., Campylobacter sp., Brucella
sp., bovine herpes virus 1, and bovine viral
diarrhea virus [BVDv]. Liver minerals
including selenium were within acceptable
concentrations.

Submitted dam serum had marginally low
magnesium levels, and was negative for
antibodies to Leptospira spp., BVDv-1,

Heart and thymus, aborted calf: There is multifocal
thymic hemorrhage (incidental), and a cellular infiltrate
can be seen within the myocardium and epicardium and
infiltrating epicardial fat. (HE, 5X)



BVDv-2, BHV-1, Neospora caninum and
Brucella abortus.

Microscopic Description: Slides contain a
section each of thymus and heart.

Thymus: There is marked depletion of
cortical thymocytes affecting most if not all
follicles, scattered foci of lymphocytolysis,
marked histiocytic infiltration of the medulla
and septa with occasional giant cell
formation, and focal interlobular
hemorrhages.

Heart: There are mild to moderate
histiocytic infiltrates and fewer numbers of
lymphocytes and plasma cells around small
and medium caliber vessels throughout the
epicardium, myocardium and epicardial fat.

Other findings: Mild to marked perivascular
[vasculitis] and interstitial predominantly
histiocytic infiltrates [fewer lymphocytes and
plasma cells] in brain, lung, liver, kidney,
spleen, lymph node, intestine, diaphragm,
adrenal gland, and urinary bladder. There
was marked lymphoid hyperplasia in spleen
and lymph nodes in addition to infiltration by
macrophages. Tissues were negative for
Mycobacterium sp. on acid-fast stains.

Contributor’s Morphologic Diagnoses:
Thymus: Thymitis, histiocytic to
granulomatous, marked, diffuse with loss of
cortical thymocytes and lymphocytolysis,
consistent with epizootic bovine abortion.

Heart: Vasculitis, histiocytic and lympho-
plasmacytic, multifocal, moderate.

Contributor’s Comment: Lesions are
similar in submitted slides though there may
be some variation in severity and extent. The
clinical  history, gross findings and
microscopic lesions particularly those noted
in the thymus, spleen and lymph nodes are
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Thymus, aborted calf: The thymic medulla is markedly
expanded by an infiltrate of large numbers of
macrophages (arrows). (HE, 32X)

considered characteristic of epizootic bovine
abortion [EBA].

EBA, also known as foothill abortion, is a
tick-born infection of cattle that results in late
term abortions of fetuses, stillbirths, or the
birth of weak calves. The name of the disease
is misleading given that the disease is
endemic, and distribution is confined to the
range of the vector, the argasid tick
Ornithodoros coriaceus, which includes
foothills of California, and adjacent states of
Nevada, Oregon and Northern Mexico.1613
The tick is thought to transmit the agent from
deer to cattle, and naive cattle i.e. first time
heifers or pregnant cows mainly beef cattle
grazing for the first time in a tick-infested
area, are primarily at risk.”1° Infection from
dam to fetus commonly occurs at 2-6 months
gestation resulting in chronic disease in the
fetus.” The etiologic agent of EBA (a0oEBA)
has been identified as a novel organism in the

10



B T '
gﬁ:ﬁi‘hﬁ“@ i

infiltrating the thymic medulla. (HE, 320X)

class Deltaproteobacteria in the order
Myxococcales. 10

Clinical ~ findings  include  petechial
hemorrhages of conjunctiva, tongue, oral
mucous membranes and tracheal mucosa,
palpable lymph nodes, and often ascites.
Grossly there is splenomegaly, lympha-
denomegaly, enlarged nodular liver, and
enlarged thymus with hemorrhages.®"°
Microscopic lesions consist of marked
lymphoid hyperplasia of lymph nodes and
spleen accompanied by mononuclear,
predominantly histiocytic, infiltration of
medulla and sinuses. Histiocytes diffusely
infiltrate medulla and septae of the thymus,
and are present around vessels in multiple
organs  sometimes  with giant  cell
formation.>"81 Bacterial rods, 1.5 to 3 um
long can often be seen in cytoplasm of
histiocytes using Steiner’s silver stains, and
there is positive cytoplasmic EBA immuno-
histochemical staining confined to foci of
inflammation in multiple tissues.*
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4| Diagnosis is based on
=2 compatible  clinical
en history, gross and
..| microscopic lesions,
elevated fetal
iy immunoglobulins
= amad particularly 19G, and
meZn exclusion of other
A8 agents commonly
s associated with
7 bovine  abortion.?3,
: Supplemental
diagnostic tests to
identify agent in
1 tissues include
histochemical
. [Steiner’s silver] and

immuno-
histochemical stains,
! and  TagMan

polymerase chain reaction.**°

Successful transmission of the disease has
been achieved by inoculation of thymus from
EBA-positive fetuses in naive pregnant
cows®?, and viability of the agent had been
proved following serial passages and
propagation of deltaproteobacterium in
immunodeficient mice.?2 While the tick O.
coriaceus is identified as the known vector
for the deltaproteobacterium, co-infection of
the tick with Borrelia coriaceae has been
reported, and antibody cross-reaction with
Borrelia spp. in fetal tissues is possible.*

JPC Diagnosis: 1. Thymus: Fine mild
tenderness, granulomatous, diffuse, marked,
with marked lymphoid depletion.

2. Heart: Pancarditis, granulomatous,
diffuse, mild.
Conference Comment: Since the

submission of this case in 2015, additional
characterization of this agent and a name
change has occurred. The organism is
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with lymphocyte karyorrhexis and tingible body
macrophages (HE, 400X)

currently identified as Pajaroellobacter
abortibovis, after the Pajaroello tick,
(Ornithodorus coriaceous) which transmits
the disease (and which was identified as the
vector in 1976). The name “Pajaroello” (pa-
har-way”-0) comes from the Spanish “paja”
meaning straw and “huello” meaning the
underside of a hoof, is also called to the
grayback or leatherback tick, and is found
only in California and Mexico extending
from Humboldt County on the north to the
Mexican isthmus of Tehuantepec.’

Phylogenetic characterization of this yet-to-
be-cultured bacterium is currently based on
analysis of the 16S ribosomal RNA gene,
which places the bacterium in the order
Myxococcales,  suborder  Sorangiineae,
family Polyangiaceae and the bacterium is
most closely related to Sorangium
cellulosum. ° Modified Gram staining,
combined with  transmission  electron
microscopy, provides strong evidence that
the bacteria is gram-negative.® PCR analysis
has demonstrated P. abortibovis to be a
myxobacterium a member of a family of
gram-negative rods typically inhabiting soil.
These bacteria are referred to as “gliding”
bacteria as many produce a polysaccharide
slime layer to aid in their motility.> Its most
closely related relative, S. cellulosum carries
the largest genome of any known bacterium.
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In addition, its 16S ribosomal sequence
establishes a distant connection to another
deltaproteobacterium, Lawsonia
intracellularis.®

Interestingly, the bite of the pajaroella tick
(Ornithodoros coriaceous) has for many
years been the subject of much
misinformation and great myth. “A bite more
severe to than that of the rattlesnake” is
largely the product of the overactive
imagination of the lay press, with hyperbolic
early reports describing the bite as
“intolerably sharp and painful... with
intermittent  irritation, irritability, and
numbness” persisting for weeks to months.
Local folklore in one area reported that “three
bites would result in certain death.”” The
truth of the matter is that the macule or papule
resulting from the bite of this tick is similar
grossly and histologically to those of other
ticks of a similar size.’

Contributing Institution:

California Animal Health and Food Safety
Laboratory, University of California
Davis, 105 W.

Central Avenue, San Bernardino, CA 92374
http://www.vetmed.ucdavis.edu/cahf
s/
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CASE IlI: 13749 (JPC 4033383-00).

Signalment: 7-month-old B6;129 wild type
mice (hybrid C57BL/6J; 129X1/SvJ), male.

History: The mouse belonged to a WT +/+
control group in a study using genetically
engineered mice on a B6;129 background. It
was euthanatized at the age of 7 months for
ethical reasons due to a rapidly growing
submandibular mass. No other animal of the
study was affected.

Gross Pathology: A multinodular tan mass
replaced and destroyed most of the left
submandibular salivary gland. After section
the mass, measuring 2cmxlcm, appeared
encapsulated and filled with white to tan
caseous material.

Laboratory results: None provided.

Microscopic  Description:  The  sub-
mandibular salivary gland is almost entirely
replaced by a well-circumscribed multifocal
coalescing inflammatory lesion. Most foci
are identical and centered on a core of
eosinophilic  karyolitic or karyorrhectic
necrotic cell debris, pyknotic and
karyorrhectic neutrophils (suppuration) and
cocci colonies circumscribed by a radiating
band of hyaline eosinophilic material
(Splendore-Hoeppli phenomenon). A
peripheral rim of activated macrophages,
epithelioid macrophages, multinucleated
giant cells, lymphocytes, fibroplasia and
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Subcutaneous tissue, mouse: The subcutis ventral to the
ear is expanded by numerous coalescing pyogranulomas
which infiltrate the adjacent salivary gland and lymph
node. (HE, 5X)

fibrosis form the external limit of those
pyogranulomas. Macrophages and giant
multinucleated cells often display a markedly
enlarged cytoplasm filled with myriads of
cocci. Those bacteria-filled macrophages are
also observed within the fibrotic bands.
Necrotic  centers  display  multifocal
dystrophic mineralization.

Eosinophilic macrophages and acicular or
rectangular eosinophilic birefringent crystals
are observed within the pyogranulomas.
Crystals are found free in the extracellular
space and less commonly in the cytoplasm of
activated macrophages and giant cells.

A Gram coloration was performed and
revealed the presence of abundant gram-
positive cocci, 1 to 2 um in diameter,
consistent with staphylococci.

Contributor’s Morphologic Diagnoses: 1.
Multifocal ~ coalescing  chronic  pyo-
granulomatous sialoadenitis with cocci
circumscribed by  Splendore-Hoeppli
phenomenon (botryomycosis).
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Subcutaneous tissue, mouse: Pyogranulomas are centered on colonies of cocci which are surrounded by eosinophilic
Splendore-Hoeppli material. (HE, 108X)

2. Presence of acicular and rectangular
eosinophilic crystals into macrophages, giant
cells, and extracellular space.

Contributor’s Comment: Botryomycosis is
a chronic suppurative infection characterized
by a granulomatous inflammatory response
to bacterial pathogens; it may present with
cutaneous or, less commonly, visceral
involvement. The term botryomycosis is
derived from the Greek word botrys
(meaning "bunch of grapes™) and mycosis (a
misnomer, due to the presumed fungal
etiology in early descriptions). In Human, the
major etiologic agent of botryomycosis is
Staphylococcus aureus (40%) followed by
Pseudomonas aeruginosa (20%), coagulase-
negative staphylococci, Streptococcus spp,
Escherichia coli, and Proteus sppl. The
Spendore-Hoeppli phenomenon consists of
antigen-antibody  precipitates, immuno-
globulin G, C3 complement, tissue debris and
fibrinl.

Staphylococci are commensal bacteria that
inhabit the skin and mucous membrane and
that can become pathogenic under certain
circumstances. In the mouse, disease has
been associated with Staphylococcus aureus
and S. xylosus, causing necrotizing
dermatitis, chronic suppurative infection of
cutaneous adnexae, conjunctiva, periorbital
tissues, preputial glands and regional lymph
nodes?. The Splendore-Hoeppli phenomenon
is classically observed in staphyloccocal
lymphadenitis? and in chronic skin infection
affecting immune compromised mice such as
agammaglobulinemic  or nude  mice®.
Botryoid abscess of a salivary gland is to our
knowledge uncommon, especially in
immunocompetent mice, and has not yet been
documented.

The incidence of eosinophilic crystals is high
in aging B6;129 mice, a hybrid background
often encountered in studies using genetically
engineered mice. Itis observed in lungs (36%
of males and 65% of females) and nasal
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turbinates (4% of males and 12% of
females)*. The so-called eosinophilic
crystalline pneumonia is a major cause of
death in 129/Sv) mice and immuno-
histochemical studies show that crystals are
composed predominantly of Ym1 protein, a
chitinase-like protein known to be secreted
by activated macrophages®. In our case, the
context ~ of  chronic  granulomatous
inflammation with numerous activated
macrophages is very likely the direct cause of
Yml protein accumulation and
crystallization.

JPC Diagnosis: Subcutis:  Cellulitis,
pyogranulomatous, focally extensive, severe
with numerous colonies of cocci, Splendore-
Hoeppli material, with mild to moderate
granulomatous lymphadenitis and
sialoadenitis.

Conference Comment: Botryomycosis is a
chronic pyogranulomatous disease which is
as well known in mice as it is poorly named.
This inflammatory lesion is seen in a wide
range of mammals including man, mice,
dogs, cattle®, swine, apes, and elephants, and
likely many other in species. The lesion,
which consists of colonies of bacteria
surrounded by aggregates of antigen-
antibody complexes (known as Splendore-
Hoeppli material), goes also by the name of
“bacterial pseudomycetoma”, “bacterial
pseudomycosis”, “bacterial granuloma”, and
“granulomatosis”. It has no connection to
fungal infections, other than a passing
resemblance to mycetomas, or deep fungal
infections which are characterized by
“grains”.

Historically, the first cases of botryomycosis
were observed in the late 1800s in post-
surgical cattle and horses, with the first actual
description of botryomycosis in a horse in
1870 by Bollinger. The first human case of
botryomycosis was not reported until 1913.
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Subcutaneous tissue, mouse: Higher magnification of
the center of the pyogranulomas. (HE, 108X)

The causality of Staphylococcus aureus and
description of Splendore-Hoeppli
phenomenon was first made in 1919.*

Botryomyecosis is an uncommon disease in
humans with approximately 200 cases
reported to date.  Case distribution is
worldwide, and the disease predominates 2:1
men with no age predilection. 75% of
reported cases are cutaneous, with the rest
visceral. Accidental or postoperative skin
trauma and altered immune function are
considered major contributing factors.*

The pathogenesis of botryomycosis in
humans and animals has not been explicitly
defined, but several factors appear to be
necessary. Most causative microorganisms
are of low virulence. The contributor lists the
commonly implicated organisms (above).
Implicated anaerobes include
Propionibacterium acnes and Bacteroides
species. Rare causes include Actinobacillus
lignieresi, Serratia marcescens,
Pneumocystis jirovecii, and Moraxella sp®.

A wide range of immune dysfunctions have
been associated with the development of
botryomycosis in humans and animals.* It
has been found more often in animals with
deficient  cellular immune  responses
including lymphopenia (nude mice) and
various  hypoglobulinemic ~ syndromes
(agammaglobulinemic mice).
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Subcutaneous tissue, mouse. A tissue Gram stain
demonstrates the gram-positivity of the cocci, as well as
highlighting shards of crystalline protein within the
pyogranulomas. (Brown-Brenn, 200X)

Cutaneous botryomycosis require skin
trauma in most cases, as low-virulence
bacteria are generally unable to cross an
intact barrier. The inoculum of bacteria must
be high enough to evade the body’s
immediate immune response, yet low enough
not to cause massive necrosis or systemic
disease. In all but severely immuno-
suppressed patients, the Splendore-Hoeppli
phenomenon (SHP) is present. SHP assists
in clustering the bacteria to create a stage of
resistance. The major component of SHP is
antigen-antibody complexes, but other
substances are often present, to include
immunoglobulin G, C3 fragments of
complement, fibrin, and cellular debris.*

Both cutaneous and visceral forms of
botryomycosis are well documented in man
in animals. In humans, cutaneous forms most
often affect expose parts of the body
including the hands, feet, head, and neck.
Visceral forms may be seen in almost 10
organ and in humans often accompanies
prolonged hospital stay’s, especially in
immunosuppressed patients.  The most
frequent visceral organs involved or the
lungs, and are often associated with patient
suffering from cystic fibrosis. HIV/AIDS is
also a common predisposing condition.*
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Contributing Institution:

Department of Pathology, Nantes-Atlantic
National College of Veterinary Medicine,
Food Science and Engineering - ONIRIS, 44
307 Nantes Cedex 03, France.
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CASE IV: Case 2 (JPC 4068765-00).

Signalment: 6 month old, female, Harlan
Sprague-Dawley rat, (Rattus norvegicus)

History: Moribund sacrifice due to ulcerated
facial mass; several animals affected.

Gross Pathology: A multinodular tan mass
replaced and destroyed most of the left
submandibular salivary gland. After section
the mass, measuring 2cmxlcm, appeared
encapsulated and filled with white to tan
caseous material.

Laboratory results: None provided.
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Microscopic Description: Facial mass: An
approximately 2 x 2cm, well-circumscribed,
unencapsulated, multilobular, and cystic
neoplasm is expanding and compressing the
subcutis. The neoplasm is composed of
polygonal cells arranged in islands, cords,
and trabeculae supported by moderate
fibrovascular stroma. Neoplastic islands and
trabeculae are often bordered by a peripheral
layer of flattened to cuboidal epithelial cells
with scant, eosinophilic cytoplasm, and
condensed round to oval nuclei (basaloid
reserve cells) and also contain a central area
comprised of polygonal cells with abundant,
microvacuolated cytoplasm and round nuclei
with finely stippled chromatin and 1-3
variably  distinct  nucleoli  (sebaceous

Facial mass, rat. An approximately 2 x 2cm, ulcerated nodule is at the base of the right ear. (Photo courtesy of: NIEHS/NTP,

http://ntp.niehs.nih.gov/nnl/)

18



differentiation).  Anisocytosis and aniso-
karyosis are minimal and the mitotic rate for
both cell populations is less than 1 mitotic
figure per 40X field. Also within the
neoplasm, are multifocal areas of squamous
epithelial ~ cells  undergoing  gradual
keratinization, lining cystic spaces filled with
lamellar whorls of keratin, moderate numbers
of viable and degenerative neutrophils,
smooth proteinaceous material (sebum), and
variable amounts of necrotic debris (cystic
degeneration and ductal differentiation). The
neoplasm is focally disrupted and replaced by
large numbers of epithelioid macrophages
with scattered neutrophils and multinucleated
giant cells (pyogranulomatous
inflammation), reactive fibroblasts with
perpendicularly arranged small caliber
vessels lined by hypertrophied endothelium
(granulation tissue) admixed with collagen,
lamellations of keratin, and necrotic and
proteinaceous debris. Some of these areas
appear to be associated with focally extensive
ulceration. There are also multifocal areas of
mild hemorrhage scattered throughout the
neoplasm.

Contributor’s Morphologic Diagnoses:
Zymbal’s gland: Adenoma.

Contributor’s Comment: The Zymbal’s
gland or auditory sebaceous gland is a
specialized sebaceous gland unique to
rodents and insectivores.®%’ This compound
branched acinar gland sits anterioventral to
the external ear meatus and is composed of 3-
4 triangular lobes. These lobes are
characterized by clusters of saccular acini
surrounding a prominent interlobular duct
that drains into a short excretory duct. The
periphery of each acinus is lined by an
incomplete layer of flattened to cuboidal cells
containing hyperchromatic nuclei and scant
cytoplasm (basaloid reserve cells) while the
center is comprised of large polygonal cells
with pale, foamy cytoplasm due to the
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Facial mass, rat. A well-circumscribed, multilobular,
unencapsulated, and cystic neoplasm is expanding and
compressing the subcutaneous tissue. Note remnants of
more normal sebaceous (Zymbal’s) gland along the
periphery. (HE, 1X) (Photo courtesy of: NIEHS/NTP,
http://ntp.niehs.nih.gov/nnl/)

progressive accumulation of lipid vacuoles.’
Two smaller sebaceous glands underlying the
ear canal epithelium are sometimes
considered to be a component of the
Zymbal’s gland; these glands are holocrine
glands, as their secretory products are formed
from degenerative mature acinar cells that
disintegrate and discharge into the ducts.®*®

Spontaneous neoplasms of the Zymbal’s
gland are uncommon in Fisher 344 (F344)
and Harlan-Sprague Dawley rats and rarely
occur in the mouse.t>® The classic
presentation for a Zymbal’s gland tumor is an
ulcerated mass on the side of the face or the
base of the ear. Early neoplasms are typically
firm, well-circumscribed, freely moveable,
subcutaneous masses  whereas larger
neoplasms are frequently ulcerated, with or
without extension into the ear canal, and may
exude caseous or purulent material on cut
section. Most Zymbal’s gland neoplasms
exhibit histological features of malignancy
with local invasion, cellular atypia, necrosis
and high mitotic activity, however,
metastasis is not reported to occur. 34°
Benign neoplasms, adenomas or papillomas,
are generally smaller, well-circumscribed
masses with minimal cellular atypia and
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Facial mass, rat. Higher magnification of one f the
lobules with a central cystic area lined by proliferating
squamous epithelium which largely recapitulates normal
epidermal maturation in verrucous projections into the
cystic space. (HE. 10X) (Photo courtesy of: NIEHS/NTP,
http://ntp.niehs.nih.gov/nnl/)

invasion. Zymbal’s gland carcinomas are
less well-circumscribed with invasion of the
surrounding tissues and frequent cystic
cavities filled with mixtures of proteinaceous
fluid (sebum), keratin and necrotic debris.
The neoplastic sebaceous and squamous cells
that comprise the malignant neoplasms are
very pleomorphic and anaplastic and some
tumors are composed almost entirely of
squamous epithelium.*5

While  spontaneous  Zymbal’s  gland
neoplasms are infrequently observed, these
types of tumors are easily induced by a
variety of carcinogens, particularly aromatic
amines like benzene.®*” The Zymbal’s gland
lacks transacylase and sulfotransferase
activity, but is able to hydroxylate
compounds via cytochrome p450-dependent
enzymatic pathways. Detectable cytochrome
p450 activity within these tumors suggests
that the formation of active metabolites
within the affected gland may contribute to
tumorigenesis. In a survey conducted by the
National Cancer Institute, 8% of rats treated
with carcinogenic compounds developed
Zymbal’s gland neoplasms (where N = 526
different chemical studies), yet tumor
incidence increased to 14% among rats
treated with those chemicals known to be
mutagenic for Salmonella typhimurium (N =
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214); this indicates that those chemicals
typically causing neoplastic transformation
in specialized sebaceous glands, like the
Zymbal’s gland, are typically mutagenic
compounds.?® The rat in this case was part of
an 18-month carcinogenicity study for a
known carcinogen with no reported
mutagenic activity.

JPC Diagnosis: Zymbal’s gland: Adenoma.

Conference Comment: Due to their unique
location and fairly characteristic histologic
presentation, Zymbal’s gland neoplasms are
one of the most well-known neoplasms in the
rat. The contributor has provided a concise
but thorough review of Zymbal’s gland
neoplasia in the rat. However, it should be
noted that the Zymbal’s gland undergoes
other degenerative, inflammatory, vascular
and other non-neoplastic changes, most
similar to those observed in the mammary
gland.

Non-neoplastic changes of degeneration,
single cell necrosis (apoptosis), necrosis, and
regeneration changes may all be seen in the
ductal and sebaceous epithelium* following
administration of toxins, and cystic

Facial mass, rat. Squamous epithelial cells exhibit
gradual keratinization and line cystic spaces filled with
lamellar whorls of keratin, moderate numbers of viable
and degenerative neutrophils, smooth proteinaceous
material (sebum), and variable amounts of necrotic debris
(cystic degeneration and ductal differentiation). HE. 10X.
(Photo courtesy of: NIEHS/NTP,
http://ntp.niehs.nih.gov/nnl/)
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degeneration of the ducts may be seen as an
aging change. Zymbal’s glands are
uncommonly inflamed, but may be home to
the typical range of inflammatory cells,
largely depending upon the chronicity of the
insult. It may be a site for metastasis in
lymphoma or other neoplasms of
hematopoietic origin.* Both hyperplastic and
atrophic changes are occasionally observed
in acinar epithelium. The retention of normal
tissue architecture aids in differentiating
adenoma from hyperplastic lesions, and
adenomas will also have increased numbers
of basal cells.*

Neoplasms of Zymbals’s glands include
adenomas (as seen in this case), carcinomas,
and squamous papillomas, which may
closely resemble tumors of the glandular
epithelium, and often pose a diagnostic
dilemma.

Carcinomas may be differentiated from
adenomas due to the presence of large,
irregular acini lacking ducts, and the presence
of invasive growth with nests or cords of
squamous epithelium penetrating the basal
lamina and invading the underlying dermis
and skeletal muscle.* Close examination will
reveal abnormalities in cellular
differentiation of cells above the basal layer;
there is variation in size and staining of
nuclei, atypical mitotic figures, and loss of
intracellular bridges.*

A more difficult differential diagnosis is
squamous papilloma of the Zymbal’s gland
(WSC 2015-2016, Conference 22, Case 3.)
These neoplasms arise from the main duct
epithelium and have a complex arborizing
structure with maturing squamous epithelium
overlying fibrous cores. One of the keys for
the diagnosis of squamous papilloma of the
Zymbal’s gland is the absence of sebaceous
differentiation and the entirely keratinaceous
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Facial mass, rat. Marked granulomatous inflammation
in areas of ulceration and extrusion of keratin debris into
the fibrovascular core of the neoplasm (HE. 10X.)
(Photo courtesy of: NIEHS/NTP,
http://ntp.niehs.nih.gov/nnl/)

nature of the contents in the cystic area of the
neoplasm.

Contributing Institution:
NIEHS/NTP
http://ntp.niehs.nih.gov/nnl/
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Self-Assessment - WSC 2018-2019 Conference 5

1. Which of the following does not harbor a herpesvirus which may cause malignant catarrhal

fever in susceptible hosts?

a

. White-tailed deer
b. Wildebeest
c. Pigs

d. Sheep

2. Which of the following is a consistent and characteristic gross finding in American bison with

Hemorrhagic cystitis
Hypopyon

Interdigital vesicles

Profound suppurative rhinitis

3. Which of the following is the causative agent of foothill abortion?

a.

b
C.
d

Pajaroellobacter abortibovis
Ornithodorus coriaceae
Lawsonia intracellularis
Sorangium cellulosum

4. Which of the following is the most common bacteria identified in cases of botryomycosis in the

mouse?
a.

b.
C.
d

Staphylococcus aureus
Corynebacterium bovis
Proteus mirabilis
Escherichia coli

5. Besides rodents, which other mammals have Zymbal’s glands?

a.

b.
C.
d

Mustelids
Insectivores
Bats
Viverrids

Please email your completed assessment to Ms. Jessica Gold at Jessica.d.gold2.ctr@mail.mil for grading. Passing score is
80%.This program(RACE program number) is approved by the AAVSB RACE to offer a total of 0.5 CE Credits, with a
maximum of 12.5 CE Credits being available to any individual Veterinary Medical Professionals for the 2017-2018
Wednesday Slide Conference. This RACE approval is for the subject matter categories of: SCIENTIFIC using the
delivery method of NON-INTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize

AAVSB RACE; however, participants are responsible for ascertaining each board’s CE requirements.

RACE does not “accredit”, “endorse” or “certify” any program or person, nor does RACE approval validate the content

of the program.
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CASE I. 21608 (JPC 4089879-00).

Signalment: 22 week old female
Crl:WI(Han) rat (Rattus norvegicus)

History: Tissues were routinely collected
from this control female rat at the terminal
sacrifice of a 13 week oral gavage study of a
drug candidate. No clinical observations
were noted prior to sacrifice.

Gross  Pathology: No
observations were noted.

macroscopic

Laboratory  results: None  given.

Microscopic Description: Brain: In the
cerebrum, subcortical white matter in one
hemisphere is focally replaced by a poorly
demarcated mass composed of densely
packed round to fusiform cells. These cells
are often arranged in small palisades, rarely
form perivascular whorls, and have
indistinct cytoplasmic margins, scant to
abundant abundant pale amphophilic
fibrillar

Cerebrum, rat. Three section of brain from telencephalon
(left) to diencephalon (right) are submitted for
examination. The middle section has a focal unilateral
hypercellular mass. (HE, 5X)

cytoplasm, and round to oval euchromatic
nuclei that often contain one or two nucleoli.

There is marked anisokaryosis and there are
rare mitotic figures. Interspersed among
these neoplastic cells are cells with large
nuclei and abundant eosinophilic cytoplasm
(interpreted as gemistocytic astrocytes).

Contributor’s Morphologic Diagnoses:
Glioma, brain.
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the hippocampus. (HE, 67X)

Contributor’s Comment: Glial neoplasms
are the most commonly occurring
spontaneous brain neoplasms in Sprague
Dawley (SD) rats, with a reported incidence
of approximately 1.5 — 2.0% in control rats
in carcinogenicity studies, and are generally
more common in males. Most of these
tumors have been classified as malignant
astrocytomas.® Although rarely fatal during
the first year of life, spontaneous glial
neoplasms have been reported in SD rats as
young as 21 or 32 weeks of age.>®

Recent immunohistochemical studies of rat
glial neoplasms have demonstrated that the
vast majority of spontaneous and chemically
induced tumors traditionally  termed
“astrocytomas” do not express detectable
glial fibrillary acidic protein (GFAP) or
other astrocyte markers,>*° although GFAP
positive neoplastic astrocytes have been

Cerebrum, rat. There is a focal, unencapsulated, minimally infiltrative neoplasm within the deep cortex immediately above

demonstrated in oligodendrogliomas and
mixed gliomas of rats.” In contrast, most rat
“astrocytomas” are immunopositive for
markers of microglia and
monocytes/macrophages such as ionized
calcium-binding adapter molecule-1 (Iba-1)
and bind the lectin Ricinus communis
agglutinin type 1 (RCA-1).>*° Based on
these studies, the majority of rat
“astrocytomas” are more appropriately
termed malignant microglial tumors. It has
been recommended that these tumors be
diagnosed as “gliomas” in routine
toxicology or carcinogenicity studies, and
that more specific diagnosis as to cell of
origin should be based on
immunohistochemical findings.?
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and 3) the relative resistance of post-natal
rats to chemical induction of tumors in the
central nervous system. Most brain cancer
L @ Tl models have
traditionally
required
intrauterine
exposure at
critical stages of
development to
carcinogenic
substances. *

In the last
decade, a
growing body
of literature,

improved

sampling
techniques  as
promoted by the

SRS . NG N R S b (R et | Society for
Cerebrum, rat. Neoplastic cells resemble both astrocytes (large open-raced nuclei with moderate Toxicologic
amounts of granular eosinophilic cytoplasm), oligodendroglia (scant cytoplasm and round or deeply Pathologists,
cleaved nuclei) and are admixed with few reactive astrocytes (marginated chromatin, ovoid nuclei) and

; el dl I . . , and the
activated microglia (small cells with minimal cytoplasm and triangular hyperchromatic nuclei. (HE, ..

400X) publication of

historical

Wisconsin CNS tumors in rats.® In general, the

incidence of spontaneous CNS tumors is

USA http://www.covance.com/industry- higher than in mice and spontaneous tumors

solutions/drug-development/services/safety- are found more frequently in males than in

assessment/nonclinical-pathology- females. Incidence does not differ

services.html significantly between strains. Tumors of

with glial and meningeal differentiation are

) . . more commonly seen than those with
JPC Diagnosis: Cerebrum: Glioma.

JPC Comment: As recently as the early
2000’s, texts referred to primary tumors of
the central nervous system in rats as
“uncommon” neoplasms.?> This somewhat
questionable statement may have resulted
from the fact that 1) many of these tumors
are not grossly visible, 2) brain sampling
protocols generally only require three
coronal sections of grossly normal brains,



neuronal

Cerebrum, rat. Smaller cells form clusters/
pseudorosettes in perivascular areas. (HE, 216X)

Cerebrum, rat: An atypical mitotic figure is present. (HE,
400X)

or primitive neuroepithelial differentiation.’

Glial cell tumors are believed to arise from
neoplastic radial glial cells (RGCs). * These
neoplasms may move within the CSF into
the spinal cord but metastasis outside the
nervous system is has not yet been reported.
For this reason, the terms “benign” and
“malignant” have largely been replaced in
the toxicologic pathology community with
the terms “low-grade” and “high-grade”.3

Before the advent of immunohistochemistry
and other advanced diagnostics that allowed
for more precise identification of the cell of
origin, most glial tumors were identified as
“olioma”.> Today, immunohistochemical

protocols are allowing pathologist to sort
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glial tumors into more specific categories
with precision. Immunohistochemical and
lectin profiles exist for astrocytomas and
oligodendrogliomas. The term “glioma” is
largely reserved for mixed tumors in which
cells fitting the morphology and the
immunohistochemical and lectin profiles of
both astrocytoma and oligodendroglioma are
present in the neoplasm. These neoplasms
may be either low- or high grade tumors.
High-grade gliomas are characterized by
infiltration into multiple areas of the brain,
cellular atypia and pleomorphism, necrosis,
and rarely giant cell formation (most likely
of astrocytic origin). If these changes are
present and each glial cell provides at least
20% of the neoplasm, the tumor is
diagnosed as a high-grade mixed glioma.
Interestingly, experimental studies have
indicated that gliomas an adult rats are
initially composed of either differentiated
astrocytes or oligodendrocytes. As these
neoplasms increase in size, cellular
composition becomes mixed and anaplastic
over time.? These high-grade mixed
gliomas share some histologic features with
the so-called glioblastoma multiforme of
humans.?

The conference moderator commented on
the heterogeneous nature of the neoplastic
cells, with cells resembling both astrocytes
and oligodendrocytes in the neoplasm, as
well as accompanying activated microglia
and reactive astrocytes, ultimately forming a
complicated mix of morphologies. The JPC
diagnosis of glioma in this case is largely
based on the HE  appearance.

The majority of neoplastic cells were
strongly immunopositive for an OLIG2 stain
run at the JPC and is consistent with the
diagnosis of glioma. (OLIG2,
counterintuitively to its name, will stain both
oligodendrocytes and astrocytes. ) While
there was extensive staining with the JPC-
run GFAP and Ibal within the neoplasm, the

4



moderator believes that this reflects reactive
astrocytes and infiltrating  microglia
respectively, and the staining excluded
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Cerebrum, rat: Neoplastic cells are strongly positive for
OLIG2, denoting a glial origin.

neoplastic cells. Based on this additional
data, the moderator believes that a diagnosis
of glioma is appropriate for the HE
appearance of this neoplasm, and that the
immunohistochemical findings are
consistent with a primitive glial tumor, but
does not enable a more specific diagnosis.
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CASE 11: A16-38521 (JPC 4102645-00).

Signalment: Seven-year-old neutered male
mixed breed dog, Canis familiaris



History: The dog presented to a veterinary
college neurology service one month prior to

Brainstem, dog: A large well-demarcated, non-
infiltrative neoplasm within the brainstem compresses the
fourth ventricle and extends across the midline. (HE,

by a granular amphophilic myxoid matrix. (HE, 207X)

necropsy following a 3-week history of
circling toward the left and altered
mentation. On neurologic examination, the
dog had inappropriate, dull mentation and a
left head turn. He was ambulatory with no
weakness or ataxia but circled to the left
with right-sided postural reaction deficits in
the thoracic and pelvic limbs. There was an
inconsistent menace response on the right
side. His neuroanatomic localization was to
the left prosencephalon. Magnetic resonance
imaging (MRI) revealed a T2-weighted
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homogenously hyperintense, non-contrast
enhancing mass lesion within the left
thalamus and midbrain with secondary
obstructive hydrocephalus, characterized by
distension of the lateral and third ventricles.
The dog was started on corticosteroid
therapy, but gradually declined until the
owners elected to euthanize.

Gross Pathology: The brain was mildly
edematous and there was thinning of the
cerebral cortex bilaterally with distension of
the lateral ventricles. Serial sectioning
revealed a  well-circumscribed,  well
demarcated, pale, gelatinous mass on the left
side effacing the mesencephalon with
compression of the third ventricle and
mesencephalic aqueduct.

None  given.

Microscopic Description: Extending from
the thalamus caudally to the cerebellar
peduncles caudally and expanding the
mesencephalon with compression of the
lateral  ventricles and  mesencephalic
aqueduct was a well demarcated,
unencapsulated, expansile, moderately
cellular  mass.  There  were two
morphologically distinct cellular populations
within the mass: bipolar, spindloid cells with



small ovoid nuclei and long thin wispy
cytoplasmic processes, and proliferative,
small, round, individualized cells with round
to indented, condensed nuclei and scant,
granular cytoplasm. Cells were embedded
within an abundant loose myxoid matrix that
was positive on Alcian blue pH 2.5.
Throughout the mass, there were scattered
proliferations of hypertrophied endothelial
cells, frequently forming glomeruloid
capillary loops. There was pallor and mild
vacuolation of the surrounding
neuroparenchyma. Most of the large, bipolar
cells and their associated spindloid
processes were strongly positive for GFAP
on immunohistochemistry. The nuclei of the
smaller round cells stained positively for
Olig2, but did not stain with GFAP.
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Brainstem, dog. There is robust neovascularization in

some areas of the tumor. (HE, 200X)
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Contributor’s Morphologic Diagnoses:
Neoplasia, oligoastrocytoma, thalamus to
brain stem, left side with bilateral
hydrocephalus

Contributor’s Comment: There is a diffuse
mixture of GFAP-positive and Olig2-
positive cells within the mass. The Olig2-
positive cells, interpreted as
oligodendrocytes, are too proliferative to be
considered reactive cells and therefore are
likely neoplastic. There is also proliferation
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of GFAP-positive astrocytic cells, but it is
less clear whether these are reactive or
neoplastic. ~ Astrocytes will commonly
proliferate into and around
oligodendrogliomas in response to the
neuroparenchymal destruction®. This
reactive response should comprise no more
than 30% of the mass, which is far less than
the proportion of astrocytic, GFAP-positive
cells observed in this mass, which led us to
the  diagnosis of  oligoastrocytoma.
Oligoastrocytomas, or mixed gliomas, have
been described previously in dogs, where
both glial lineages have neoplastic features.
These two populations are often separated
and distinguishable within the mass, but
more heterogeneous and mixed masses are
reported.>®>°It has also been proposed
gliomas originating from more primitive cell
lines may be dually positive for astrocytic
and oligodendroglial markers.® In this case,
however, there appear to be two distinct
populations.

Contributing Institution:

University of Georgia, College of Veterinary
Medicine, Department of Pathology,
(www.vet.uga.edu/VPP)

JPC Diagnosis: Brainstem, adjacent to 4™
ventricle: Astrocytoma, noninfiltrative, low
grade.

JPC Comment: A 2018 publication by the
Comparative Brain Tumor Consortium* has
laid the groundwork for a sweeping
reclassification of canine glial tumors.
Currently the World Health Organization
(WHO) Tumor Fascicle Histological
Classification of Tumors of the Nervous



System of Domestic Animals, published in
1999, still serves as the gold standard for
diagnosis of canine glial tumors; however,
its diagnostic content is based largely on
morphology alone (with a small amount of
immunohistochemical data— then in its
infancy — on some of the more common
neoplasms). The human side of the WHO
has published not one, but two editions in
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Brainstem, dog. Neoplastic cells for small Rosenthal
fibers. (HE, 400X)
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Brainstem, dog. Bipolar spindle cells and multipolar cells
stain strongly positive for glial fibrillary acidic protein, a
marker of astrocytes. (GFAP, 400X) (Photo courtesy of:
University of Georgia, College of Veterinary Medicine,
Department of Pathology, (www.vet.uga.edu/VPP)

series on Tumors of the CNS, grouping
these neoplasms into expected outcomes
based on morphologic features, but also
incorporating molecular data as part of the
diagnostic and prognostic algorithms. This
new publication on canine tumors lays the

129

important groundwork for similar advances
when they become more widely available.

The new publication also has an immediate
impact on the current methods of diagnosis
of canine glial tumors, simplifying the
classification of these tumors into three
groups:  astrocytoma, oligodendroglioma,
and “undefined glioma”. A takeaway
message that will immediately simplify
classification is the recommendation that
any tumor in which greater than 80% of the
neoplastic cells exhibit morphology and
immunoreactivity of either astrocytic or
oligodendroglial differentiation, that the
tumor be classified into one of those two
groups. “Undefined” gliomas are
characterized as glial neoplasms which do
not have predominant features of either an
oligodendroglioma or an astrocytoma; the
geographic distribution of the neoplastic
cells in these tumors might be either
segregated or intermingled.”

A number of excellent tips regarding the
interpretation of immunohistochemistry on
canine gliomas is also presented in this
article. The authors recommend the
following panel in the diagnosis of canine
gliomas: GFAP, Olig2, CNPase (a
component of myelin expressed exclusively
by oligodendroglia in the CNS), and Ki67.
It should be noted that despite its name,
Olig2 is not specific for oligodendroglia and
may be expressed by neoplastic astrocytes as
well. A lack of Olig2 staining is of
diagnostic importance as well as a result of
its specificity for oligodendro- and astroglia,
and a lack of staining should lead the
pathologist to strongly consider non-glial
tumors at that point in the diagnostic
process. The article also comments on the
interpretation  of  immunohistochemical
results, with decreased staining of GFAP,
CNPase and Ki67 all being negatively
impacted by time to fixation (which may be
important in the processing of necropsy

8



samples) as well as time in fixation, and

fixation buffering. 4
o o 3
Vi .
. 2 @ *,
P = ? -
< : o
ay c
7 -
P9 - i -"
o« v o® ,\“ ¥ €
# . :
-
P < 'r—__,m

IBrainstem, dog. Scattered neoplastic cells stain strongly
positive with OLIG-2 (a non-specific glial marker).
(Olig-2, 400X) (Photo courtesy of: University of Georgia,
College of Veterinary Medicine, Department of
Pathology, (www.vet.uga.edu/VPP)

Finally, the paper suggests morphologic
criteria (albeit subjective) that may be useful
in classifying gliomas into low- or high-
grade, to include necrosis, pseudo-palisading
of neoplastic cells along areas of necrosis,
mitotic activity, microvascular proliferation,
and cellular features of malignancy (atypia,
anisocytosis, anisokaryosis, and nuclear
pleomorphism). Interestingly, in this study,
oligodendrogliomas had an overall increased
rate of high-grade tumors than astrocytomas,
and in keeping with anecdotal observations
by many veterinary neuropathologists,
oligodendroglial tumors in general far
outnumbered astrocytic tumors.*

A number of features in this particular
neoplasm are key to its classification as an
astrocytoma (notwithstanding the diffuse
immunoreactivity for GFAP, as this
information was not provided to attendees.).
The minimal amount of cytoplasm of the
neoplastic cells, elongate nuclei, bipolar cell
morphology, lack of necrosis, and lack of
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any apparent nuclear rowing (aka
“interfascicular queuing”) were considered
more appropriate for the diagnosis of
astrocytoma in this case. It is important to
note that in pilocytic astrocytomas in
humans (which this neoplasm strongly
resembles in appearance and location),
smaller Olig2 cells can be interspersed with
the bipolar astrocyte population and do not
confer a diagnosis of oligoastrocytoma. The
presence of microcysts and formation of
Rosenthal fibers by some of the neoplastic
cells was also considered of diagnostic
importance (a feature that has been well
established in human astrocytomas)

During the discussion of this case, the
moderator acknowledged the difficulty of
identifying true edema in neurologic
sections and the lack of well-defined
critieria for it, but believes that the area of
rarefaction surrounding the neoplasm and
extending into the adjacent parenchyma in
this case is a good example of spongiosis.

References:

1. Ide T, Uchida K, Kikuta, F, Suzuki K,
Nakayama H. Immunohistochemical
characterization of canine neuroepithelial
tumors. Vet Pathol 2010; 47:741-50.

2. LeCouteur RA, Withrow SJ. Tumors of
the nervous system. In: Withrow SJ, Vail
DM, eds. Small Animal Clinical Oncology.
St Louis, MO: Saunders Elsevier; 2007:659-
670.

3. Higgins RJ, Bollen AW, Dickinson PJ,
Siso-Lonch S.  Tumors of the nervous
system. In: Meuten DJ, ed, Tumors of
Domestic Animals, 5™ ed. Ames IA, Wiley-
Blackwell, 2017: 848-849.

4. Koehler JW, Miller AD, Miller CR,
Porter BR, Aldape K, Beck J, Brat D,
Cornax 1, Corps K, Frank C, Giannini,
Horbinski C, Huse JT, O’Sullivan MG, Rissi



DR, Simpson RM, Woolard K, Shih JH,
Mazcko C, Gilbert MR, LeBlanc AK. A
revised diagnostic classification of canine
glioma: towards validation of the canine
glioma patient as a naturally occurring
preclinical model for human glioma. J
Neuropathol Exp Neurol 2018; doi
10.1093/jnen/nly085

5. Summers BA, Cummings JF, deLaunta
A. Veterinary Neuropathology. St. Louis,
MO: Mosby, 1995:370-373.

6. Vandvelde M, Higgins RJ, Oevermann
0. Neoplasia. In  Veterinary
Neuropathology. West Susses, United
Kingdom, Wiley-Blackwell; 2012: 139-140.

CASE 111: P3213-13 (JPC 4048997-00).

Signalment: 1% year-old, male neutered,
Domestic shorthair, (Felis catus), cat

» 1 21 &
Cerebellum, ¢
Purkinje cells are swollen and vacuolated. (HE, 163X)

(en PR S ot (TR AN ST A L e N W NI RSN & fies Nt SRR N SR €0 S ol ant Y &
at. There is significant segmental loss of Purkinje cells (note three at left and none to the right).
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Cerebellum, cat. At subgross magnification, there is mild
thinning of the cerebellar cortex. (HE, 12X)

History: This cat was reported to be normal
at birth. At 7 months of age, it started
showing progressive signs of cerebellar
disturbance, i.e. abnormal gait and balance.
Another cat from the same litter developed
similar symptoms. Two MRI examinations
of the head/brain were performed. The first
one, on April 2013, only showed a slightly
smaller than normal cerebellar size with a
small suspicion of cerebellar abiotrophy.
The second one, on December 2013,
revealed a reduced cerebellar size with
moderate diffuse widening of the cerebellar
sulci, consistent with a diagnosis of
cerebellar abiotrophy. The neurological
examination also supported a disease
process affecting all portions of the
cerebellum. Due to progression of the
illness, the cat was euthanized and a full

-
udinal



necropsy was performed.

Gross Pathology: The only significant
change was observed in the cerebellum
which had diffusely widened sulci (more
conspicuous when compared with an age-
matched control), consistent with atrophy of
folia.

Laboratory  results: None  given.
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(astrogliosis),  often  with  prominent
processes extending radially in the
molecular layer to the pia mater (isomorphic
gliosis); this was confirmed by GFAP
immunohistochemistry. The molecular and
granular layers are irregularly thin; the
granular layer has a variably decreased
density (loss of granule cells). Rare
torpedoes can sometimes be seen. In some
sections, there is Wallerian degeneration

(mostly digestion chambers) in the
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Cerebellum, cat. There is a proliferation of Bergmann’s glia at the level previously occupied by Purkinje cells. Their
prominent processes run perpendicularly to the overlying pia mater. (HE, 400X) (Photo courtesy of: Université de Montréal,
Faculty of veterinary medicine, St-Hyacinthe, Quebec, Canada. http://www.medvet.umontreal.ca)

Microscopic Description: Diffusely in the
cerebellar cortex, there is a severe loss of
Purkinje cells, leaving multiple “empty
baskets”; most of the persistent Purkinje
cells have a pale and vacuolar cytoplasm
(degeneration). There is an associated
proliferation of Bergmann astrocytes

cerebellar white matter; this change was also
present bilaterally and symmetrically in the
lateral and superficial portions of the
medulla (not submitted). In the cerebellar
nuclei (present in some sections), there is
mild diffuse gliosis with some neuropil
vacuolation, but no obvious neuronal
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changes. These lesions were present in all
portions of the cerebellum.

Spinal cord (not submitted): There is
bilateral and symmetrical  Wallerian

degeneration affecting all portions (cervical,
thoracic and lumbar) of the spinal cord, with
variation in the affected tracts/fasciculi
depending on the level examined. In some
dorsal spinal ganglia, a few neurons were
chromatolytic.

Cerebellum, cat. A GFAP stain demonstrates the dense
parallel network of fibers of the Bergmann’s glia (i.e.,
Bergmann’s astrocytes) (isomorphic gliosis). (anti
GFAP, 100X). (Photo courtesy of: Université de
Montréal, Faculty of veterinary medicine, St-Hyacinthe,
Quebec, Canada. http://www.medvet.umontreal.ca)

Contributor’s Morphologic Diagnoses:
Diffuse, severe loss of Purkinje cells
(cerebellar abiotrophy)

Bilateral and symmetrical degenerative
myeloencephalopathy (spinal cord and
medulla; not submitted)

Contributor’s Comment: Based on the
lesions in the cerebellum, medulla and
spinal cord, this case was diagnosed as
cerebellar abiotrophy and degenerative
myeloencephalopathy,  consistent  with
spinocerebellar ataxia; a genetic component
is strongly suspected as one littermate had

133

similar clinical signs. The cerebellar lesion
is characteristic of cerebellar abiotrophy or
cerebellar cortical abiotrophy. In veterinary
medicine, cerebellar abiotrophy is a rare
condition described in most domestic
animals, non-human primates and a few
rodent species.'™® Contrary to cerebellar
hypoplasia — a condition targeting the
cerebellar outer germinal layer and resulting
in failure to reach normal organ size (e.g. in
utero infection with feline panleukopenia
parvovirus or BVDV) — cerebellar
abiotrophy is characterized by the loss of
neuronal populations after full development
of the organ. Thus, a hallmark of this
condition is normal function at birth,
followed by progressive signs of cerebellar
disease of variable onset.™

Cerebellar abiotrophy is well recognized in
dogs, with reports in several different breeds
(e.0. English bulldog, American
Staffordshire terrier, Border collie),%%>"1°
and often a suspicion of primary genetic
origin. Affected animals usually show
progressive neurological signs including
cerebellar ataxia, head tremors and
symmetrical hypermetria. At necropsy, the
cerebellum is usually of normal size but
shrinkage of cereberellar folia and
broadening of sulci may be present in
chronically affected dogs. Microscopic
examination reveals an ongoing loss of
neurons associated with reactive gliosis.
Purkinje cells are severely depleted, leaving
clear space (“empty baskets”); Bergmann
astrogliosis is a common associated finding.
Depletion of the different neuronal
populations eventually leads to shrinkage of
the molecular and granular layers.*°
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Spinal cord, cat. Mild Wallerian degeneration was
present throughout the spinal cord. (HE, 400X). (Photo
courtesy of: Université de Montréal, Faculty of
veterinary medicine, St-Hyacinthe, Quebec, Canada.
http://www.medvet.umontreal.ca)

In cats, cerebellar abiotrophy is uncommon,
with only a few cases publisheg™®°012,
However, the present feline case is to our
knowledge unique as reported feline cases
did not describe spinal cord lesions.

Contributing Institution:

Universitt de Montréal, Faculty of
veterinary medicine, St-Hyacinthe, Quebec,
Canada. http://www.medvet.umontreal.ca

JPC Diagnosis: Cerebellum: Purkinje cell
degeneration and loss, diffuse, severe, with
marked granular cell loss and Bergmann
gliosis.

JPC Comment: Cerebellar cortical
degeneration, also referred to as cerebellar
abiotrophy, encompasses a group of diseases
characterized by degeneration of formed
neurons within the cerebellar cortex. As
opposed to cerebellar hypoplasia, in which
viral infection in utero damages the external
granular cell layer (the source of formation
of Purkinje cells and neurons that popular
the granule cell layer), the cerebellar cortex
is grossly and histologically normal at birth,
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and progressively degenerates over time.
While many of the mutations associated
with both autosomal dominant and recessive
forms of cerebellar cortical degeneration
(CCD) have been elucidated in humans, this
work is yet in its early stages in veterinary
medicine. Mutations in the SEL1L gene
have been associated with early onset
progressive cerebellar ataxia in Finnish
Hounds, and PARK2 gene mutations are
common to hereditary striatonigral and
cerebello-olivary degeneration in Kerry Blue
Terriers and humans.

In the absence of such genetic information,
most forms of CCD in veterinary medicine
continue to be classified largely based on the
locations in which degenerative changes are
noted. Most cases of cerebellar cortical
degeneration involve Purkinje cells, and the
spontaneous depletion of granule cells
(neurons populating the adjacent granular
cell layer) is often a concurrent, although
less obvious finding. Primary degeneration
of neurons of the granule cell layer (also
referred to as cerebellar granuloprival
degeneration) has been reported in a number
of canine breeds, including the Coton de
Tulear (see WSC 2016-2017, Conference
12, Case 1). A number of syndromes, such
as hereditary striatonigral and cerebello-
olivary degeneration, as mentioned above,
involve neuronal degeneration outside of the
cerebellar cortex as well.

While well-documented in a wide variety of
dog breeds, far fewer cases of cerebellar
abiotrophy have been identified in cats. The
disease has been reported both in kittens and
in adult cats, with adult-onset “late” onset
disease appearing in animals from 1.5 to 9
years. (Biolatti) A syndrome of
olivopontocerebellar atrophy in two possibly
related cats involved loss of neurons in the
cerebellar cortex, olivary complex, and the
pontine nuclei in an unusual orderly and
progressive fashion. Subtle differences
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between the human and the feline disease
exist, to include depletion of the granular
cell layer in the feline variant and an
absence of ubiquitinated intranuclear
inclusions within degenerating Purkinje
cells. A report of three sibling Kkittens
described severe Purkinje cell loss as well as
vacuolation of the neuropil in the cervical
spinal cord (as described by the contributor
in this case.)

Prominent in this section is the proliferation
of Bergmann’s glia (often referred to as
Bergmann’s astrocytes) in the areas of
Purkinje cell loss. The cell bodies of
Bergmann’s glia are found in the Purkinje
cell layer, and their processes extend
through the molecular layer with endfeet
located on the pia mater. In additional to
traditional tasks of gray matter protoplasmic
astrocytes following injury to Purkinje cells,
they have numerous other functions. In the
developing cerebellum, they contribute to
the layering of the cerebellar cortex -
proneurons migrate along their processes
from the external germinal layer to populate
the granule cell layer. At the late stage of
Purkinje cell development, Bergmann’s glia
form an intricate interwoven network to
provide physical and trophic support to the
developing  Purkinje  dendrite tree.
Bergmann’s glia even assist in information
processing in the mature molecular layer —
clearing neurotransmitters from synaptic
cleft (particularly excitotoxic glutamates),
buffering potassium, and even coupling
neuronal activity with energy supply and
blood flow.

The moderator noted the marked depletion
of granular cells as well as that of Purkinje
cells, but identified the Purkinje cell loss as
the primary lesion, both in terms of
importance to the clinical picture as well as
the first of the two lesions to occur
temporally.
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Signalment: 1 day old, male, Maine Anjou
mixed breed, Bos taurus taurus, cattle
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A plant submitted was identified as Astragalus species by
the faculty in New Mexico State University Range
Sciences. (Photo courtesy of: New Mexico Department
of  Agriculture Veterinary Diagnostic ~ Services;
www.nmda.nmsu.edu)

History: The owner stated that a large
percentage of the spring calf crop was born
three to four weeks prematurely.
Approximately one half of the calves that
lived were lethargic at birth and die. A few
of the cows had lost weight and thin despite
of eating well.

Gross Pathology: The only significant gross
lesion was the thyroid gland was equivocally
enlarged.

Laboratory results: A plant submitted was
identified as Astragulus species by faculty in
New Mexico State University Range
Sciences.

Microscopic Description: The Purkinje
cells of the cerebellum are swollen by clear
cytoplasmic vacuoles that are most prevalent
at axon hillocks (Figure 2). There are rare
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necrotic Purkinje cells. There are rare
affected neurons in the granule cell layer.

Contributor’s Morphologic Diagnoses:
Diffuse, severe loss of Purkinje cells
(cerebellar abiotrophy)

Contributor’s Comment: Locoism in
livestock is caused by the chronic ingestion
of legumes of the genera Astragulus and
Oxytropis.”** There are over 2000 species of
Astragulus and Oxytropis worldwide with
370 known species of these legumes
occurring in North America.” Most livestock
poisonings caused by these two genera of
plants in the United States occur in the
western United States."* Common names for
plants of Astragulus and Oxytropis genera
are locoweeds, milk vetches or vetches. Not
all species of Astragulus and Oxytropis
cause locoism. However, these plant species
can cause other toxicities as they can contain
toxic nitro compounds and can be selenium
accumulators.”*! Identification of a specific

species of locoweed is difficult and is best
performed by experienced botanists after the
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Cerebellum, calf. Purkinje cells are swollen by numerous
discrete cytoplasmic vacuoles, most predominantly seen at
the axon hillock. (HE, 400X) (Photo courtesy of: New
Mexico Department of Agriculture Veterinary Diagnostic
Services; www.nmda.nmsu.edu)
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plant has flowered and/or produced seed
pods.™

The locoweed population is cyclical with the
highest number of locoweeds occurring in
wet years such as the fall of 2014 and the
spring of 2015 in New Mexico.'* Contrary
to prior belief, locoweeds are palatable and
some animals will preferentially graze
locoweeds in the spring over dormant warm
season grasses due to the nutritional value of
locoweeds, which in some species is
comparable to alfalfa.”** Animals grazing
locoweeds can become habituated to
locoweeds, but do not become addicted.”**
Toxicity occurs when the level of the
locoweed toxin reaches the toxic threshold.

The toxic principle of locoweeds is the
indolizidine  alkaloid  swainsonine.”*
Swainsonine can be found in all parts of the
plant with higher concentrations in the
above ground portion of the plants
particularly the flowers and seeds.>’
Production of swainsonine by the plant is
dependent on infection of the plant by
commensal endophyte fungi of the genera
Undifilum.*®  Swainsonine inhibits o-D-
mannosidase and Golgi mannosidase Il
causing cells to accumulate
oligosaccharides.”** The result is a systemic
lysosomal storage disease with cytoplasmic
accumulations of oligosaccharides
manifesting  microscopically as clear
cytoplasmic vacuoles in multiple organs
including but not limited to the neurons of
the brain mainly in the axon hillock, liver,
kidney and thyroid gland.”®*! In fetuses, the
accumulation of oligosaccharides can also
occur in trophoblasts of the placenta.® If the
cellular damage is not severe, then
preventing  livestock  from  ingesting
locoweeds can result in recovery of the
animal with cellular changes remaining the
longest in the liver and neurons.” The
cytoplasmic vacuoles can persist for one
year in the Purkinje cells of the cerebellum.’

16


http://www.nmda.nmsu.edu/

That being said, it is recommended to not
ever return horses with locoism to work
such as riding due to the potential dangers
associated with  residual  neurological
effects.’

Liver, calf. Hepatocytes are diffusely expanded by similar
clear cytoplasmic vacuoles, obscuring normal sinusoidal
architecture. (HE, 400X) (Photo courtesy of: New
Mexico Department of Agriculture Veterinary Diagnostic
Services; www.nmda.nmsu.edu)

Kidney, calf. Proximal convoluted tubular epithelium is
markedly swollen due to numerous clear cytoplasmic
vacuoles. (HE, 400X) (Photo courtesy of: New Mexico
Department of Agriculture Veterinary Diagnostic
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Services; www.nmda.nmsu.edu)

The most widely known manifestation of
locoweed  toxicity in  livestock s
neurological disease (locoism). However,
locoism in livestock can manifest as chronic
weight loss/ill thrift, reproductive losses and
worsening the cardiac disease associated
with high-mountain disease in cattle.”** The
reproductive losses can be devastating to a
producer with losses of close to fifty percent
of offspring occurring in some cases.
Chronic ingestion of locoweeds has been
known to prolong the estrus cycle, result in
the failure to conceive and cause early
embryonic death.?”® Some pregnant cows
with locoism develop hydrops.” Abortion
may occur at all stages of gestation with
cytoplasmic vacuoles present in fetal tissues
such as in this case.>”® In addition, neonates
may be born small and weak. Congenital
abnormalities such as limb and head
deformities can occur in  affected
fetuses.?”®®  Testicular  atrophy and
decreased spermatogenesis can occur in
adult males with locoism.’

The moderator pointed out that the
cytoplasmic  vacuolation is especially
prominent in the area of the axon hillock of
Purkinje cells in this particular case, a
feature often described in this particular
entity. Some participant noted the relative
paucity of nuclei within the granular layer;
the cause of this finding was ascribed by
some to the young age of the animal (one
day, and with a prominent external granular
cell layer, and likely continued maturation
of this region), and some preferred to ascribe
it to poor tissue preservation.

Contributing Institution:
New Mexico Department of Agriculture
Veterinary Diagnostic Services
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JPC Diagnosis: Cerebellum, Purkinje and
granular cells:  Cytoplasmic vacuolation,
diffuse, marked.

JPC Comment: The contributor has
provided an excellent review of the acquired
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Thyroid, calf. Follicular epithelium is swollen from
numerous clear cytoplasmic vacuoles. (HE, 400X)
(Photo courtesy of: New Mexico Department of
Agriculture Veterinary Diagnostic Services;
www.nmda.nmsu.edu)

lysosomal storage disease known as locoism
in cattle.

Lysosomal storage diseases are a group of
inherited an acquired disorders. Over 50
genetically-determined lysosomal storage
diseases have been identified in veterinary
medicine.!  The majority of these diseases
result from mutations of genes coding
specific  lysosomal hydrolases  which
contribute to the activation of lysosomal
enzymes.  Moreover, infantile and adult
types of inherited diseases may result from
different mutations of the same gene.
Infantile disease results in early death due to
a total absence of enzymatic activity, while
adult disease may have late presentation and
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mild-to-moderate manifestations as partial
enzyme activity is present. Rare cases of
congenital disease may results in the
absence of hydroxylase activator proteins,
recognition markers (which results in
lysosomal enzymes being aberrantly
secreted into the extracellular milieu), or
protector proteins which results in rapid
degradation of hydrolytic enzymes.* A list
of the more common inherited lysosomal
storage disease is present Table 1. A more
complete review is available in the excellent
review by Alroy and Lyons.

Acquired lysosomal storage disease share a
common mechanism in the inhibition of
alpha-manosidase Il by ingestion of a
number of plants from the genera
Astragalus, Swainsona, Oxytropis, and
Ipomoae as well as a number of amphophilic
cationic drugs, including amiodarone and
chloroquine. *

As a general rule, the accumulation of
undigested substrate in cells occurs when
residual activity of deficient enzymes is less
than 10 to 15% of normal levels. There is
wide variation in the cell types and organs
affected by different types of lysosomal
storage diseases; neuronal vacuolation, (as
seen in this case), is seen in approximately
two thirds of all lysosomal storage diseases."

Histochemical stains have traditionally been
involved in the differentiation of many types
of lysosomal storage diseases. Periodic
acid-Schiff stains (with and without diastase
digestion), Alcian blue, and colloidal iron
(with and without hyaluronidase treatment)
are useful for identifying oligosaccharide
and glycolipids. Sudan Black, oil red O, and
Luxol fast blue stains are helpful in the
characterization of abnormally stored lipids.
Normal ceroid lipofuscinosis is diagnosed
by autofluorescence and rarely requires
ultrastructure.  Definitive identification of
enzyme deficiencies is most commonly
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performed on white blood cells or cultured
fibroblasts by measuring activity of specific
enzymes.

The moderator noted that the axon hillock
was _part of the neuron that was most

Placenta, ox. Trophoblasts contain numerous
intracytoplasmic vacuoles. (HE, 400X) (Photo courtesy
of: New Mexico Department of Agriculture Veterinary

Diagnostic Services; www.nmda.nmsu.edu)
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[4Table 1: Select inherited lysosomal storage diseases®
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GM1 gangliosidosis B-galactosidase GM, gang h.OSlde in yscsomemof
= neurons, glial cells, macrophages

- autosomal recessive

- dogs, cats, Friesian cattle;
- suffolk sheep

- deficiencies in p1-
galactosidase AND a-
neuraminidase.

GM: gangliosidosis (Tay- | -hexosaminidase (of- oside
Sushis and Saniboff or BPdimer) GM: ganglioside in lysosomes of

neurons, glial cells, macrophages

- autosomal recessive
1. domgstic and Korat cats,

German shorthaired pointers.
golden retrievers: B-subunit
deficiency

aladtosirebisiidase | oligodendrocytes/Schwann cells, globoid
SRACCCICRAOMCAE | cell macrophages (NOT in neurons)

diseases) -actrvator protein 2. Japanese spaniel dogs,
Yorkshire pigs: activator
protein deficiency
| ingomyelinosis ; : sphingomyelin in lysosomes of neurons | - autosomal recessive in caf
| L sphingomyelinase pliingsmycl i £ t k t
(Niemann-Pick disease) pRIngomy | and macrophages and dog
Globoid cell | 82lactocsigbrosides in - autosomal recessive

- dogs, cats and polled

| leukodystrophy,
‘ (glastosersbrosidosi demyelination, axonal loss B phcep
‘ | glucocerebroside in lysosomes of
ucocerebrosidosi ) 2 hepatic/lymph node sinusoidal 2 z
(Gangher disease) glucoesrebrosidase macrophages, some neurons (NOT in «Sydney ailky Temiers
‘ Purkinje cells or the spinal cord)
mannose/N-acetylglucosamine
a-Mannosidosis, a-mannosidase oligosaccharide in lysosomes of neurons, |- Angus cattle
| macrophages, secretory epithelial cells
" " " . olxg?saccllm'ldeslln lysosou‘lets of oBaferareaionnd
Mannosidosis mannosidase neurons. macrophages, secretory Nmubian goats

epithelial cells

- fucose containing glycoconjugates in

a-L-fucosidosis a-L-fucosidase lysosomes of neurons
- similar appearance to o/B-Mannosidosis

- autosomal recessive
- English springer spaniels

MPS I w-Leid i | mucopolysaccharide storage in

mesoderm derived cells

N-acetylglucosamine- | heparan sulfate in mesoderm-derived
MPS III : 3
6-sulfatase cells: neurons contain gangliosides

mucopolysaccharide storage in
MPS VI arylsulfatase-B mesoderm derived cells; neuronal
| storage does not occur

- domestic shorthair cats

and Plott hounds

- Nubian goats

- Siamese and domestic
shorthair cats

‘ MPS VIL B-glucuronidase ‘ widespread neurovisceral storage

- dogs and cats

widespread glycogen storage within

- autosomal recessive in

S li]};::;]gsc;nosis (type Tin a-1,4-glucosidase !ysosognes and intracytoplasmically: shorthorn and Brahman beef
including neurons cattle
obviously vacuolated and this was very incomplete maturation in a 1 day old calf
apparent in this particular specimen. The (with a very visible external granular cell
participants also discussed the possibility of layer in this case) as well as the possibility
decreased numbers of nuclei within the of autolysis in the particular specimen.

granular cell layer in this individual and its
potential causes, to include the possibility of
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Self-Assessment - WSC 2018-2019 Conference 6

1. Some neoplasms of the rat brain traditionally diagnosed as astrocytomas via morphologic features

have more recently been identified as having an immunohistochemical profile suggestive of what

cellular origin?

a. Microglia

b. Neurons

c. Oligodendroglia
d. Astrocytes

2. Which of the following is the most common pairing of cell morphologies in canine mixed gliomas ?

a.

b
C.
d

Neurons and astrocytes
Astrocytes and ependyma
Astrocytes and oligodendroglia
Neurons and oligodendroglia

3. Which of the following cell types is most commonly affected in cerebellar abiotrophy?

a.

b.
C.
d

Purkinje cells

Granular cell layer neurons
Bergmann’s glia

White matter oligodendroglia

4. Which of the following is not a function of Bergmann’s astrocytes?

a.

b
c.
d

Serving as scaffolding for migration of the proneurons during development
Provide support to Purkinje dendritic tree

Provide structural repair following Purkinje cell loss

Provide nourishment to neurons of the granular cell layer

5.  Which of the following enzymes is inhibited by ingestion of Astragalus and Swainsona?

a.

b
c.
d

a-L-fucosidase
B-mannosidase
Sphingomyelinase
B-galactosidase

Please email your completed assessment to Ms. Jessica Gold at Jessica.d.gold2.ctr@mail.mil for grading. Passing score is
80%.This program(RACE program number) is approved by the AAVSB RACE to offer a total of 0.5 CE Credits, with a
maximum of 12.5 CE Credits being available to any individual Veterinary Medical Professionals for the 2017-2018
Wednesday Slide Conference. This RACE approval is for the subject matter categories of: SCIENTIFIC using the
delivery method of NON-INTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize

AAVSB RACE; however, participants are responsible for ascertaining each board’s CE requirements.

RACE does not “accredit”, “endorse” or “certify” any program or person, nor does RACE approval validate the content

of the program.



Joint Pathology Center
Veterinary Pathology Services

WEDNESDAY SLIDE CONFERENCE 2018-2019

Conference?

Conference Moderator:
Leandro Teixeira, DVM, PhD, DACVP

144

17 October 2018

Assistant Professor, Department of Pathobiological Sciences

Director, COPLOW

University of Wisconsin School of Veterinary Medicine

Madison, W1 53706

CASE I: UW Case 1 (JPC 4084541-00).

Signalment: 15-year-old female spayed
Himalayan feline, Felis catus

History: The patient presented to the
University of Wisconsin—Madison
Veterinary Medical Teaching Hospital and
was diagnosed with a blind left eye (OS),
granulomatous infiltrate in the anterior
chamber, posterior chamber and vitreous
(OS) and bilateral corneal ulcers. The left eye
was enucleated, formalin-fixed and
submitted for histopathology.

Gross Pathology: The formalin-fixed left
eye was section at the dorsoventral plane.
There was a white homogeneous tissue
carpeting the surfaces of the iris and ciliary
body and extending into the posterior

chamber and anterior vitreous, cradling the
lens.

Laboratory results: Thoracic radiographic
studies and abdominal ultrasound were
within normal limits.

Microscopic Description: There is a poorly
delineated, moderately cellular and hyper-
eosinophilic neoplastic mass carpeting the
posterior iris and ciliary body surfaces,
infiltrating and expanding the inferior iris
leaflet stroma and extending into the anterior
chamber, posterior chamber and anterior
vitreous, surrounding the lens capsule. The
mass is composed of haphazardly arranged
plump neoplastic cells surrounded by dense,
highly basophilic chondromatous matrix.
Neoplastic cells are individualized or
aggregated in lacunae within the matrix and
have a moderate amount of granular
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Globe, cat. A white homogenous tissue carpets the
surfaces of the iris and ciliary body and extends into the
posterior chamber and anterior vitreous, encircling the
lens. (Photo courtesy of: Comparative Ocular Pathology
Laboratory of Wisconsin — COPLOW, School of
Veterinary Medicine, Department of Pathobiological
Sciences, University of Wisconsin — Madison.
http://www.vetmed.wisc.edu/departments/pathobiological-
sciences/

eosinophilic to basophilic cytoplasm. Nuclei
are oval, have 1-2 magenta nucleoli and
finely stippled chromatin. The mitotic rate
averages less than one per 10 HPF. There are
focally extensive areas of necrosis
comprising approximately 20% of the mass.
There is a fibrovascular membrane carpeting
the anterior surface of the iris (preiridal
fibrovascular membrane). There is moderate
liquefaction of the cortical lens fibers with
accumulation of round and lightly
eosinophilic degenerated fibers (Morgagnian
globules) and migration of the lens epithelial
cells over the inner aspect of the posterior
lens capsule. The retina is artifactually
detached. The inner retina is devoid of
ganglion cells and that are diminished
numbers of nuclei in the inner nuclear layer.
The optic nerve is markedly gliotic and
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atrophied (optic nerve not present in all
sections).

Contributor’s Morphologic Diagnoses:

Left eye:

a. Chondrosarcoma, primary.

b. Lens, circumferential and
moderate cortical lens fiber
degeneration and posterior
lens epithelial  migration
(mature cortical cataract).

c. Retina, marked and diffuse
inner retinal atrophy
(secondary chronic
glaucoma).

d. Optic nerve, marked and
diffuse optic nerve gliosis and
atrophy (secondary chronic

glaucoma).
Contributor’s Comment: Chondro-
sarcomas are uncommon  malignant

neoplasms with predominating cartilaginous
matrix that account for the second most
common primary skeletal tumor after
osteosarcoma in both veterinary and human
medicine.’ The average age of cats affected
by chondrosarcomas is 9.6 years, and there is

Globe, cat. At subgross magnification, a multilobular
dark blue neoplasm carpets the iris, ciliary body and
peripheral retinal surfaces, multifocally infiltrating the
iris and ciliary body and surrounds the lens. (HE, 5X)


http://www.vetmed.wisc.edu/departments/pathobiological-sciences/
http://www.vetmed.wisc.edu/departments/pathobiological-sciences/

a slight male predilection for the
development of these tumors.® Extraskeletal
chondrosarcomas, and visceral ones in
particular, are rare tumors in dogs, cats and
people.>’ In a case series of 67 cats with
chondrosarcomas, 47 were tumors of skeletal
origin and 20 presented in subcutaneous sites,
several of which were thought to be vaccine-
site sarcomas.® Intraocular chondrosarcoma
is reported in two dogs as a primary!! or
metastatic® neoplasm. Metastatic intraocular
chondrosarcoma was also reported in one
human patient.® In 1959, a single account was
published  describing an intraocular
chondrosarcoma in a cat presenting with
multiple intraocular tumors.? Recently, we
reported 4 cases of presumed primary
intraocular ~ chondrosarcoma in  cats
(including the present case).? The mean age
of the animals was 12.5 (range 9-16) and the
tumors presented unilaterally as coalescing,
poorly demarcated, white, friable masses
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filling the vitreous and intraocular chambers.
One tumor presented as a solitary, well-
demarcated, tan mass involving the iris and
ciliary body. All four neoplasms were
composed of haphazardly arranged plump
neoplastic spindle cells surrounded by
irregular islands and thick trabeculae of
abundant, variably basophilic and Alcian-
blue-positive chondromatous matrix. No
other tumors or skeletal lesions were
identified in these four cats that could suggest
a metastatic tumor to the eye. Two of the four
cats diagnosed with primary ocular
chondrosarcoma are still alive and healthy
2.5 years and 5 years following enucleation.
One cat died 6 months after enucleation due
to chronic kidney disease and diabetes and
although no necropsy was performed,
imaging done in the follow-up visits still did

Globe, cat. The neoplasm (at left) carpets the posterior iris surface and the ciliary body. The anterior surface of the iris leaflet

is covered by a fibrovascular membrane (arrows) (HE, 84X)



Globe, cat. Higher magnification of the neoplasm
demonstrates variably sized cartilage lacunae containing
polygonal cells. (HE, 260X)

not revealed other masses. The last cat was
lost to follow-up.

Due to the distribution of the neoplastic tissue
on the eye (posterior chamber and anterior
vitreous, surrounding the lens) and because
of the chondromatous nature of the mass a
post-traumatic sarcoma (chondro-sarcoma) is
a possible differential diagnosis. Feline post-
traumatic sarcomas (FPTS) are malignant,
intraocular neoplasms that are usually
associated with trauma that can be evidenced
from the clinical history and/or histologic
findings (e.g. lens capsule rupture, retinal
detachment, and corneal perforation)®>4. We
ruled out the diagnosis of FPTS in the present
case based on the absence of a history of
trauma and/or histologic features of trauma,
especially lens capsule rupture, which
appears to be a major step on the
development of the post-traumatic sarcoma,
allowing the lens epithelial cells to gain
access to the extra-capsular space, proliferate
over the ocular tissues and eventually
become neoplastic.>*

Cats, similar to all mammals, do not have
cartilage or bone within their globes and,
therefore, the tissue of origin of the primary
ocular chondrosarcoma is unclear. It is likely
that primary intraocular chondrosarcomas
arise from ocular multipotent mesenchymal
stem cells or cancer stem cells.® In human
eyes, multipotent mesenchymal stem cells
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have been derived from the trabecular
meshwork.® The trabecular meshwork could
be a likely origin of the tumors seen in these
cases, all of which showed extensive
involvement in the vicinity of the iris, ciliary
body and ciliary cleft.

Contributing Institution:

Comparative Ocular Pathology Laboratory of
Wisconsin - COPLOW

School of Veterinary Medicine

Department of Pathobiological Sciences
University of Wisconsin — Madison
http://www.vetmed.wisc.edu/
http://www.vetmed.wisc.edu/departments/pa
thobiological-sciences/
http://uwveterinarycare.wisc.edu/
http://uwveterinarycare.wisc.edu/support-
services/laboratory/anatomic-pathology/

JPC Diagnosis: Eye, iris and ciliary body:
Chondrosarcoma.

JPC Comment: The moderator, who was
also the contributor of this case, has provided
an excellent review of this uncommon lesion,
as well as the primary differential diagnosis
and secondary changes in the section.

In bone and beyond, a diagnosis of chondro-
sarcoma may be complicated by a number of
factors, not the least of which is small
sampling. Both the production of osteoid
(which changes a diagnosis of chondro-
sarcoma to a diagnosis of osteosarcoma) as
well as malignant features of neoplastic
chondrocytes may be lacking in small
samples and present in more liberal ones.'°
Due to their poorly vascularized nature, many
sarcomas contain extensive areas of necrosis
and/or mineralization, and these areas should
be avoided when evaluating the malignant
features of a potential chondrosarcoma.’
When evaluating for potential malignancy,
the most obviously atypical area of the tumor
deserves primary focus. Malignant features
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include: more than an occasional bi-
nucleated cell (as seen in this case), numerous
cells with prominent nuclei, and mitotic
figures (which may be extremely rare in more
well differentiated malignancies).®
Chondrosarcomas often contain cellular
populations of great morphological variety,
including small cells with hyperchromatic
nuclei  resembling the  mesenchymal
precursors of cartilage,'® which were seen in
this section as well. Intercellular matrix may
range in color from pink to blue, as well as
the amount present, and mucinous or myxoid
matrix may predominate.

In conference, the moderator discussed three
potential diagnoses for this case of an
obvious chondromatous neoplasm within the
globe: a) a primary ocular chondrosarcoma,
b) a chondrosarcoma metastatic to the globe,
and c¢) a post-traumatic sarcoma. The
moderator noted the absence of any variation
in the morphology of the neoplasm
particularly that of in the absence of a spindle
cell or osseous component, which would be
unusual for a post-traumatic sarcoma, which
often has a mix of morphologies. In addition,
post traumatic sarcomas are often associated
with a tear in the lenticular capsule, which is
absent in this specimen.

He also noted that the pattern of “carpeting”
of posterior aspect of the ciliary body, as well
as the lack of infiltration into this tissue
suggests a metastatic process. Other
characteristics of ocular metastasis is the
formation of a well-demarcated mass within
the globe. Presence of neoplastic emboli
within the vessels of the choroid or uvea may
or may be seen with metastatic tumors. The
presence of a primary process elsewhere in
the body is ultimately a major consideration,
and this was a case submitted by the
moderator, who was were unable to identify
a primary process elsewhere in the body.
COPLOW currently has a total of 7 similar
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Globe cat: An Alcian blue/PAS stain highlights the
composition of the chondromatous matrix. (Alcian
blue/PAS 2.5, 100X) . (Photo courtesy of: Comparative
Ocular Pathology Laboratory of Wisconsin — COPLOW,
School of Veterinary Medicine, Department of
Pathobiological Sciences, University of Wisconsin —
Madison.
http://www.vetmed.wisc.edu/departments/pathobiological-
sciences/

lesions in cats in their database — 5/7 were
alive after 2.5 years, the remaining two died
of unrelated causes.

Another discussion centered upon whether
the retina was artifactually or truly detached.
For most of its circumference, photoreceptors
remained attached to the RPE, suggesting
artifactual detachment. However, there are
focal areas in of RPE hypertrophy
(tombstoning) as well scattered along the
retina, suggesting the possibility of focal
areas of detachment prior to processing.
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CASE I1: _16RD2093 (JPC 4102435-00).

Signalment: 8-year-old male neutered
Yorkshire terrier dog, Canis familiaris

History: The patient presented to a
veterinary  ophthalmologist and  was
diagnosed with a blind right eye (OD) with
retinal detachment and potentially an opaque
structure posterior to the lens with areas of
hemorrhage. The right eye was enucleated,
formalin-fixed, and  submitted  for
histopathology.

Gross Pathology: The formalin-fixed left
eye was section at the dorsoventral plane.
There was a soft, tan and homogeneous mass
adjacent to the optic nerve protruding into the
vitreous.

Laboratory results: Ocular ultrasound
revealed a soft tissue opacity extending from
the optic nerve into the vitreal space.

Microscopic Description: There is an
unencapsulated, well-delineated and densely
cellular  neoplastic mass infiltrating,



Eye, dog: A neoplasm arises from and effaces the central
retina and optic nerve head protruding into the vitreous.
(Photo courtesy of: Comparative Ocular Pathology
Laboratory of Wisconsin — COPLOW, School of
Veterinary Medicine, Department of Pathobiological
Sciences, University of Wisconsin — Madison.
http://www.vetmed.wisc.edu/departments/pathobiological-

sciences/

expanding and partially effacing the optic
nerve head and central retina, protruding into
the vitreous. The mass is composed of a
mixture of polygonal, spindle and round cells
arranged in short interlacing streams and
bundles supported by a moderately dense
fibrovascular stroma. The neoplastic cells
have indistinct cell borders, a variable
amount of pale eosinophilic fibrillar
cytoplasm, oval to elongate nuclei with finely
stippled chromatin and 1-3 variably distinct
nucleoli. A subset of neoplastic cells presents
vacuolated cytoplasm with round and
eccentrically located nuclei. Anisocytosis
and anisokaryosis are marked; with moderate
numbers of karyomegalic cells and a few bi
and multinucleated cells. There are 6 mitotic
figures in 10 HPFs. There are multifocal to
focally extensive areas of necrosis,
characterized by tissue hypereosinophilia and
accumulation of karyorrhectic debris that are
surrounded by palisading neoplastic cells
(not in all sections . There are multifocal
cavitated areas filled with light amphophilic
material thought the mass. At the periphery
of the neoplasm and in the inner aspects of
the retina adjacent to the mass there is
prominent capillary proliferation  with
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occasional formation of glomerular-like tufts.
There is a mild accumulation of red blood
cells in the anterior vitreous. The retina is
diffusely detached and there is moderate
hypertrophy of the RPE cells and mild
subretinal hemorrhage. The detached retina
presents diffuse loss of ganglion cells,
atrophy of the inner nuclear layer, and mild
and multifocal hemorrhage. The post-laminar
portion of the optic nerve (not present in all
slides) is markedly atrophied and presents
increased numbers of non-neoplastic glial

Eye, dog Subgross magnification of the retinal mass
infiltrating, expanding and partially effacing the central
retina and optic nerve head and its placement within the
vitreous.

cells (gliosis).
Contributor’s Morphologic Diagnoses:

Left eye:

e. Optic nerve and retinal
glioma/astrocytoma,  high-
grade.

f. Retina, diffuse retinal
detachment with inner retinal
atrophy.

g. Post-laminar optic nerve,
moderate and diffuse atrophy
and gliosis.

Additional results: Neoplastic cells

7
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present strong
immunohistochemichal cytoplasmic
positivity for glial fibrillary acidic
protein (GFAP).

Contributor’s Comment: Gliomas are
among the most common primary tumors of
the CNS in dogs, their prevalence being only
exceeded by meningiomas.* Based on the
World  Health  Organization (WHO)
classification for domestic animal tumors,®
which, in turn, is based on classification of
human neoplasms, these tumors are classified
according to their cell of origin into
astrocytomas, oligodendrogliomas, mixed
tumors (oligoastrocytomas), and
ependymomas. According to their cytologic
characteristics, astrocytomas are further
classified into low-grade or well-
differentiated, medium-grade or anaplastic,
and high-grade or glioblastoma. Low-grade
astrocytomas are classified as fibrillary,
protoplasmic, or gemistocytic.*®

Optic nerve and retinal glioma are rare
neoplasms that have been sporadically
reported in dogs and cats.23° These tumors
can originate and infiltrate the retina, optic
nerve head and the post-laminar optic nerve.
Most optic nerve and retinal gliomas present
morphologic features similar to astrocytomas
as seen in other areas of the central nervous
system, but rarely these tumors can resemble
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Eye, dog Neoplastic cells are polygonal to spindled on a
mucinous matrix. There are large areas of dropout
scattered throughout the mass (arrows) (HE, 286X)
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Eye, dog. Neoplastic cells palisade around areas of
dropout and necrosis. (HE, 100X) (Photo courtesy of:
Comparative Ocular Pathology Laboratory of Wisconsin
— COPLOW, School of Veterinary Medicine, Department
of Pathobiological Sciences, University of Wisconsin —
Madison.
http://www.vetmed.wisc.edu/departments/pathobiological-
sciences/

oligodendrogliomas or present a mixture of
astrocytoma and oligodendroglioma
features.>®

Optic nerve/retinal gliomas with
predominantly astrocytic phenotype present
immunohistochemical positivity for glial
fibrillary acidic protein (GFAP) and the rare
cases of oligodendrogliomas reported were
GFAP-negative.®® The present case is an
example of a mixed glioma, with the tumor
presenting predominantly astrocytic cells
with areas of oligodendroglial differentiation.
The decision to classify the present tumor as
an astrocytoma was based on the
predominance of the astrocytic component
and the strong immunoreactivity to GFAP.

Regarding tumor grading, it has been
reported that, based on the WHO
classification,® the majority of optic
nerve/retinal gliomas in dogs fit into the high-
grade astrocytoma category.® Similarly, the
hypercellularity, cellular pleomorphism,
relatively high mitotic count (6/10 HPF) and
the presence of intratumoral vascular
proliferation and necrosis identified on the
present tumor led to the classification of a
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high-grade  astrocytoma.  Interestingly,
despite the high-grade classification of the
majority of canine optic nerve/retinal gliomas
these tumors rarely metastasize or recur when
surgical margins are clean.>®® The most
important prognostic feature is the presence
of tumor invasion beyond the optic nerve
surgical margins, which correlated with
tumor recurrence (in the remaining optic
pathways) and, in rare cases, tumor extension
to the brain.*

Contributing Institution:

Comparative Ocular Pathology Laboratory of
Wisconsin - COPLOW

School of Veterinary Medicine

Department of Pathobiological Sciences
University of Wisconsin — Madison
http://www.vetmed.wisc.edu/
http://www.vetmed.wisc.edu/departments/pa
thobiological-sciences/
http://uwveterinarycare.wisc.edu/
http://uwveterinarycare.wisc.edu/support-
services/laboratory/anatomic-pathology/

JPC Diagnosis: Eye, retina and optic
nerve: Astrocytoma, low-grade.

JPC Comment: The moderator, who was
also the contributor of this case, has provided
an excellent review of this uncommon lesion
as well, and this case brings our two-week
run of three gliomas(!) to an end.

The JPC ran GFAP and Olig-2 on sections
from this case and well over 80% of the
neoplastic cells were strongly positive for
both markers in this particular case.

The naming of Olig2, like many other
immunohistochemical markers, implies a
specificity for oligodendroglia that is
unfortunately lacking in the real world of the
diagnostic pathologist. Immuno-
histochemical markers are largely named for
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WA

Eye, dog Neoplastic cells palisade around vessels with
numerous cytoplasmic projections adjacent to vessel
walls. (HE, 134X)

their targeted gene product.  (Another
example of this “false advertising” for
immunohistochemical markers is thyroid
transcription factor 1, which not only labels
both thyroid follicular and C-cells, but also is
an excellent marker for pulmonary
carcinomas.)

Within the subcutaneous ventricular zone of
the developing brain, undifferentiated
progenitor cells may ultimately developing to
neurons, astrocytes, or oligodendroglia.
Expression of Olig2 specifies progenitor cells
to pattern glial versus neuronal lineage. By
reprocessing the neuronal phenotype in these
progenitor cells, only two expression permits
production of astrocyte and oligodendrocyte
precursors.’ Undifferentiated retinal
progenitor cells may also express Olig-2,
although oligodendroglia are not found in the
retina. In the retina it functions to maintain
retinal progenitor cells in an undifferentiated
state.®
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Olig-2 expression is downregulated in mature
astrocytes.” This may explain the increased
expression of Olig 2 in the progression of
malignant astrocytomas!, with highest levels
in glioblastomas and anaplastic gliomas. A
review of labeling indices (LI) in
neuroepithelial tumors in humans revealed
Olig-2 LI at 43.7% in diffuse astrocytomas, ,
59.3 in oligoastrocytomas (mixed gliomas),
and 76.1% in oligodendrogliomas.*

From a diagnostic standpoint, Olig2 is
obviously widely expressed in both
astrocytomas and oligodendrocytomas. It is
not expressed in ependymomas, so a negative
finding may help to differentiate pilocytic
astrocytomas and glioblastomas which
morphologically resemble ependymomas
from tumors of true ependymal origin.®

While most species do not have
oligodendroglia in the retina, dogs and
rabbits have a myelinated optic nerve head
which and may contain oligodendroglia.
However, the strongly positive GFAP in this
case rules out the possibility of an
oligodendroglioma in the case.

In the conference, the moderator drew the
attendees’ attention to the proliferation of

Eye, dog Palisading neoplastic cells and their projections
demonstrate strong cytoplasmic immunopositivity for glial
fibrillary acidic protein. (anti-GFAP, 134X)
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Eye, dog Neoplastic cells demonstrate strong nuclear
immunopositivity for OLIG-2. (anti-OL1G-2, 200X)

blood vessels within the inner layers of the
retina (particularly the ganglion cell layer and
inner nerve fiber layer) similar to that seen
within the tumor as well, suggesting the
possibility of local diffusion of growth
factors produced by tumor cells. Another
incidental change noted by the moderator is
the presence of melanin within the
connective tissues of the drainage angle,
suggestion previous damage to the pigmented
epithelium of the ciliary body. While not a
problem in this globe at this particular time,
infiltration of macrophages may occur at
some point in the future to phagocytize the
pigment and initiate inflammatory changes
that may ultimately result in fibrosis and
closure  of the drainage  angle.

The moderator commented on the thickness
of the sclera, which some participants had
interpreted as thinned. Three points are
helpful in evaluation of scleral thickness —
first the moderator says that evaluation of
thickness should be made at the limbus.
Second, the normal spatial relationship of
other structures, such as the iridal leaves will
be abnormal in buphthalmic eyes, and finally,
comparison to suspected buphthalmic globes
to globes from other dogs (even other breeds)
may be useful, as the difference in globe size

10



between dogs, even of different breeds, is not
very significant.

The JPC diagnosis of astrocytoma, low grade
is based on the presence of over 80% of cells
which are morphologically identifiable of
astrocytes on the HE, a mitotic rate of 2 per
2.37mm? field, and strong GFAP and Olig2+
positivity (not available to participants before
the conference). The moderator said that
COPLOW would likely call this a mixed
glioma of the retina/optic nerve but the JPC
diagnosis was essentially the same.
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CASE Il1: 15/444 (JPC 4068158-00).

Signalment: 20-year-old horse, Appaloosa,
unknown sex (Equus caballus)

History: The horse was blind on the left eye,
and had glaucoma that was suspected to be
secondary to chronic (possibly recurrent)
uveitis and posterior lens luxation. The eye
was enucleated due to increased ocular
pressure that could not be medically
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Eye, horse. A partial section of eye containing cornea,
sclera, iris, ciliary body and iridocorneal angle structures
is submitted for examination. (HE, 8X)

controlled, and submitted for histo-
pathological examination.

Gross Pathology: The lens of the eye was
posteriorly luxated and attached in only a few
lens fibers. Other gross changes were not
detected.

Laboratory results: N/A.

Microscopic Description: Eye, horse: In the
conjunctiva, there was a mild lympho-
plasmacytic infiltration. Multiple ruptures
was observed in the Descemet’s membrane in
conjunctiva. The filtration angle appeared to
be pressed posteriorly, and consisted of
compact tissue without obvious trabecular
tissue. The iris appeared normal. Along the
non-pigmented epithelium of the ciliary
body, there was a diffuse thick membrane
consisting of eosinophilic homogeneous to
slightly ~ fibrillar ~ material.  Intensely
eosinophilic rod-shaped inclusions were
found in some of the non-pigmented
epithelial cells. There was a very mild
multifocal infiltration of lymphocytes and
plasma cells in the ciliary body. The retina
was atrophic, with few ganglion cells, a thin
inner nuclear layer that multifocally merged
with the outer nuclear layer. In the lens, there
was mild multifocal degenerative changes.

In Congo-red stained sections, there was
intense positive apple green birefringence
under polarized light (amyloid) in the
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eosinophilic membrane associated with the
non-pigmented epithelium. Small amounts of
positive material was also detected in the
filtration angle and the iris. In some sections,
there are vascular invasion in the cornea and
corneal edema.

Due to the large size of the eye, pieces
containing limbal cornea, iris, ciliary body
and anterior sclera, choroid and retina was
excised for submission for Wednesday Slide
Conference. In a few sections the tip of the
iris is missing in the slide, however as
described above this area of the ocular tissue
was without morphological lesions. The
number of intracytoplasmic inclusion and
inflammatory infiltrates were few, and thus
not present in every slide. The main lesion,
the amyloid, was extensive and is present in
every slide.

Contributor’s Morphologic Diagnoses:
Eye, ciliary body: amyloidosis, severe,
diffuse with mild multifocal lympho-
plasmacytic uveitis and ciliary non-
pigmented  epithelial intracytoplasmic
inclusions

Eye: secondary glaucoma and posterior lens
luxation

Contributor’s Comment: Equine recurrent
uveitis is a leading cause of blindness in
horses. The cause is unknown, and
disease,

autoimmune infection  with

Eye, horse: The ciliary processes are markedly expanded.
(HE, 14X)
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leptospires or a stereotypic response to
chronic intraocular inflammation following a
variety of insults have been proposed to cause
the disease.2®®112 Inflammation in the
ciliary body of this horse was very mild and
consisted of multifocal infiltration of few
lymphocytes and plasma cells. Another
histopathologic feature of equine recurrent
uveitis in the horse is rod-shaped
intracytoplasmic inclusions in the non-
pigmented ciliary epithelium,*# and although
sparse, such inclusions were present in this
case.

The most striking lesion was the thick
eosinophilic membrane associated with the
non-pigmented ciliary epithelium that was
confirmed to be amyloid in Congo red stained
slides viewed under polarized light. This
finding is by some authors considered to be
specific for equine recurrent uveitis and
diagnostic for the condition.*** The ocular
amyloid in two horses suffering from equine
recurrent uveitis was characterized immuno-
histochemically and by mass spectrometry to
be localized ocular AA amyloid.® Several
morphologic features in the ciliary body in
the eye from this horse was consistent with
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equine recurrent uveitis: amyloid deposition
- lymphoplasmacytic uveitis and
intraepithelial eosinophilic rod shaped
inclusions - although the two latter were very
mild.

Contributing Institution:

Institute of Basic Sciences and Aquatic
Medicine,

Norwegian University of Life Science,
School of Veterinary Medicine
www.nmbu.no

JPC Diagnosis: 1. Eye, surface of ciliary
body: Amyloidosis, diffuse, severe.

2. Eye, iris:  Anterior synechiae with
occlusion of the iridocorneal angle.

JPC Comment: Ocular amyloidosis is an
uncommon finding in the horse; to date, all
reported cases of intraocular amyloid have
been associated with equine recurrent uveitis.
Conjunctival amyloid has also been
identified in the horse eye, most often in
conjunction with nasal amyloidosis.*°
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Several syndromes have been identified with
amyloidosis in the horse. Systemic
amyloidosis occur secondary to chronic
inflammatory conditions, horses used for the
production of immunoglobulins, and
neoplasia. Reactive systemic amyloidosis
(seen in chronic inflammatory conditions and
immunoglobulin-producing horses) results
from the production of excessive serum
amyloid A (SAA), and deposition of the non-
degradable protein within tissues. SAA is
preferentially deposited in the liver but may
also be seen in the spleen, kidneys, Gl tract,
adrenal glands, and lymph nodes. Systemic
amyloidosis resulting from the deposition of
amyloid light chains (AL) is rare in the horse
and has been seen in association with
multiple myeloma.®

There are several forms of localized
amyloidosis in the horse as well. Nasal
amyloidosis results from the nodular
deposition of AL amyloid within the nasal
cavity and elsewhere in the respiratory
system.  These deposits may result in
epistaxis, stertor, exercise intolerance, and
nasal obstruction.  Conjunctival amyloid

Eye, ciliary processes, horse: The amyloid displays
marked apple green birefringence under polarized light.
(Congo Red, 100X). (Photo courtesy of: Institute of Basic
Sciences and Aquatic Medicine, Norwegian University of
Life Science, School of Veterinary Medicine,
www.nmbu.no)
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Eye, drainage angle, horse: The drainage angle presents
a narrowed ciliary cleft and a collapsed trabecular
meshwork (HE, 73X).

deposits have been seen in two cases.
Progression to systemic AL amyloidosis has
not been reported in the horse.*®

A final type of localized AL-amyloidosis
seen in the horse is cutaneous amyloidosis
(and has also been documented in man, dogs,
and cats. In the horse, these nodules are most
often seen within the panniculus of the head,
neck, shoulders and chest, and may be
associated with granulomatous dermatitis
and panniculitis.®. They may wax and wane,
and of the cases that have been associated
with  extraskeletal plasmacytoma and
lymphoma, a pathogenesis for most cases has
not yet been identified. They are
occasionally seen with other forms of
localized amyloid, but not with systemic
forms of amyloid in the horse.®

According to the pathologists of the
Comparative Ocular Pathology Laboratory of
Wisconsin  (COPLOW), equine recurrent
uveitis (ERU) is the most common cause of
cataract, glaucoma, phthisis bulbi, and
blindness in the horse. It is characterized by
recurrent bouts of inflammatory disease
resulting in progressive ocular degeneration.
Its pathogenesis has not been definitively
established, although previous infection with
various Leptospira serovars, breakdown of
the ocular-blood barrier, and autoimmunity
all play a significant part. The involvement
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Eye, non-pigmented ciliary body epithelium: Linear
inclusions of hypereosinophilic crystalline proteins are
present within non-pigmented ciliary body epithelium.
(HE, 400X) (Photo courtesy of: Institute of Basic
Sciences and Aquatic Medicine, Norwegian University of
Life Science, School of Veterinary Medicine,

www.nmbu.no)

of Leptospira sp. is a well-known yet often
inconsistent finding, and the latter two factors
are likely the most important driver in this
disease. Appaloosas have a yet undefined
breed predisposition.®

Affected eyes have a wide range of
morphologic appearances, but the following
have been noted with regularity in this
condition: lymphoplasmacytic uveitis with
lymphoid follicle formation; lymphocytes
and/or plasma cells within the nonpigmented
ciliary epithelium; eosinophilic linear
inclusions  within  the cytoplasm of
nonpigmented ciliary body epithelial cells,
amyloid; and the deposition of a cell-poor
hyaline protein on the inner surface of the
nonpigmented ciliary body epithelium.* A
wide range of non-specific secondary
changes may be seen in affected eyes,
including cataracts, anterior and posterior
synechiae, iridal fibrovascular membranes,
retinal degeneration and attachment, and
optic neuritis.*

On a cellular level, the distribution of
lymphocytes is characteristic of a TH1-like
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inflammatory response with a predominance
of CD4 plus T cells and increased
transcription of IL-2 and interferon gamma.
Retinal autoantigens, including intra-photo
receptor binding protein, cellular rectum
aldehyde binding protein, recover in, and
retinal S antigen have been demonstrated in
experimental models and spontaneous cases
of the ERU.A

The presence of corpora nigra (a normal
structure in the eye of the horse which assists
in filtering light coming into the globe) is
useful in orienting horse eyes, as they are
primarily found in the dorsal iris leaflet.

The formation of the JPC morphologic was a
subject of spirited discussion. Due to the lack
of significant inflammation, the term
“uveitis” was not considered appropriate in
this case. The combination of amyloid and
crystalline inclusions within non-pigmented
ciliary body epithelium in the first
morphologic diagnosis above was made more
out of convention than a shared pathogenesis.
While references refer to the inclusions as
“amyloid-like*3, amyloid is an extracellular
protein, and ultrastructurally, many of these
inclusions are present in the mitochondria in
ciliary body epithelium. The true nature of
these inclusions is yet to be determined. The
second morphologic diagnosis of anterior
Synechiae with drainage angle occlusion is
likely the result of recurrent episodes of now-
resolved inflammation and subsequent
fibrosis within the drainage angle. While this
change is certainly consistent with the
contributor’s  diagnosis of  secondary
glaucoma, we are unable to confirm this
finding with the limited number of
intraocular tissue available on the slide.
While the contributor identified retinal
atrophy (possibly from being able to evaluate
the whole globe), the conference slides only
contain peripheral retina, the evaluation of
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which, in the moderator’s (and JPC staff)
experience, for atrophy is problematic at best.
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CASE IV: AVC C5181-11 (JPC 4019356-
00).

Signalment: 5 year old, castrated male
Boxer, (Canis familiaris)

History: A mass was located behind the eye
in the region of the optic nerve resulting in
exophthalmia. It was noticed 4 months prior
to presentation. There was no evidence of
metastasis.

Gross Pathology: A globe with attached
orbital soft tissue and eyelids was submitted.
A firm to hard lobulated white mass which
measured approximately 2 cm x 3 cm x 3 cm
surrounded the optic nerve and infiltrated the
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Eye, dog. A whitish conical neoplasm encircles the optic
nerve and infiltrates the orbital connective tissue but does
not infiltrate the posterior sclera. (Photo courtesy of:
Atlantic Veterinary College, University of Prince Edward
Island http://avc.upei.ca)

orbital soft tissues on the posterior aspect of
the globe.

Laboratory results: NA

Microscopic  Description:  The non-
encapsulated, well-delineated, moderately
cellular mass surrounds the optic nerve,
invades the orbital adipose and skeletal
tissue, and extends slightly into the sclera.
The mass is composed of nests and sheets of
moderately densely packed neoplastic cells
separated into lobules by fibrous connective
tissue septa with scattered nodules of myxoid
tissue and multifocal osseous and chondroid
metaplasia. The majority of the neoplastic
cells are large and polygonal with distinct cell
margins, a moderate to abundant amount of
glassy eosinophilic cytoplasm, and a large
eccentric  ovoid  vesicular  nucleus,
occasionally with peripheralized chromatin,
and one or two small distinct nucleoli.
Scattered neoplastic  cells  contain
intranuclear  cytoplasmic  invaginations.
There is moderate to marked anisocytosis and
anisokaryosis and scattered cells contain
lobulated or multiple nuclei. Five mitotic
figures are counted in 10 randomly selected
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HPF (40x) and rare mitotic atypia is noted.
Small foci of necrosis, suppurative
infiltration, and hemorrhage are present
multifocally and small aggregates of
lymphocytes are scattered amongst the
neoplastic cells.

Contributor’s Morphologic Diagnoses:
Orbital (retrobulbar) meningioma

Contributor’s Comment: Along with the
gross appearance and location (surrounding
the optic nerve), the histomorphologic
features, which include dense aggregates of
large epithelioid cells and foci of
cartilaginous and osseous metaplasia, are
characteristic of orbital (retrobulbar)
meningioma.®

Meningiomas are considered common
tumors of dogs and Boxers may be one of
several breeds with a predilection for
developing these  masses.®° Most
meningiomas arise intracranially; tumors in
the retrobulbar location are considered
rare}3%14 accounting for only 3% of
meningiomas in the dog.”  Retrobulbar
meningiomas may be primary (also called
orbital meningioma), arising from the
arachnoidal cap cells of optic nerve sheath, or

Eye, dog. Subgross image of the neoplasm, better
demonstrating infiltration of the orbital connective tissue
and compression, but not invasion, of the posterior globe.
(HE, 5X)
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secondary, representing extension of an
intracranial neoplasm along the optic
nerve.%” In addition to dogs!?4891112 gngd
humans®, meningiomas arising from the optic
nerve have been reported in a cat,> F334
rats,'® and a Simmental cow.*3

Grossly orbital meningiomas are tan solid
conical masses that surround the optic nerve
and are firmly adhered to the posterior aspect
of the globe with tapering towards the optic
canal.> These tumors compress the optic
nerve and circumferentially invade the
adipose and muscular tissue of the orbit.®

Several histomorphologic  subtypes of
meningioma have been recognized in
domestic species including: meningothelial,
fibroblastic, transitional, psammomatous,

papillary, microcystic, myxoid,
angiomatous/angioblastic, and
atypical/anaplastic.”% Histologically,

orbital meningiomas of dogs (and humans) fit
best within the meningothelial and/or
transitional  types.t*®812  Granular cell
differentiation, which has previously been
described in meningothelial meningiomas,’
has recently been recognized within a
retrobulbar meningioma in a Golden
Retriever dog.!* More typically however, the
neoplastic cells form lobules and dense
aggregates and are epithelioid in appearance
being polygonal with moderate to abundant

Eye, dog. There are scattered foci of cartilaginous and
osseous metaplasia throughout the neoplasm. The
adipose tissue is pre-existent orbital fat. (HE, 52X)
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Eye, dog. Neoplastic cells range from polygonal
(epithelioid) to spindled. (HE, 260X)

eosinophilic cytoplasm and round to oval,
often vesicular, nuclei.t?891215 The
presence of myxoid, -cartilaginous and
0SSeous metaplasia are common
features>>*891L15 and may be useful aids in
both the histologic and radiographic or
ultrasound diagnosis of these tumours.38

Immunohistochemistry is useful in ruling out
carcinoma, an important differential
diagnosis in these cases.®**  Unlike
carcinomas, the cells of orbital meningioma
typically stain positively for vimentin and S-
100 (although variably) and are usually
negative for cytokeratin.®!! In one reported
case,'? tumor cells stained positively for
vimentin (cytoplasmic), E-cadherin
(membranous), and were negative for S100,
pancytokeratin, and cytokeratins AE1 and
AE3. Ultrastructurally, these masses have the
typical features of meningioma'* with
interdigitating processes containing
intermediate  filaments and occasional
desmosomes present between the cell
membranes.®

Dogs with orbital meningioma are usually
aged (mean age of 9 years)® and present with
orbital swelling or exophthalmos with?#812
or without*® blindness. These tumors are
generally thought to be slow-growing and
benign, however tumor recurrence following
extenoration,>*!! intraocular invasion,*? and
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malignant  variants  with  extracranial
metastasis (mainly to the lungs)®>*! have
been reported. In one review papers
evaluating orbital meningioma in 22 dogs,
follow-up information was available in 17
cases: enucleation with excisional biopsy was
therapeutically effective in 11 cases (median
follow-up time 1.7 vyears) and local
recurrence was reported in 6 cases. While
none of the 22 dogs had evidence of
metastases, 2 of the 6 dogs with tumor
recurrence developed central blindness in the
opposite eye, suggesting spread along the
optic nerve to the level of the optic chiasm.®

Contributing Institution:

Atlantic Veterinary College, University of
Prince Edward Island

http://avc.upei.ca

JPC Diagnosis: Eye: Orbital meningioma.

JPC Comment: The contributor has done an
outstanding job in describing this unique
classification of meningioma. There are few
differentials for this fairly characteristic
neoplasm of the orbit; the morphologic
appearance of epithelioid to spindle cells
infiltrating the periorbital tissues with
multiple areas of osseous and chondroid
differentiation is unique, even in the absence
of immunohistochemical findings. In
. N e e |

Eye, dog. The neoplasm surrounds the optic nerve
(arrows). (Photo courtesy of: Atlantic Veterinary
College, University of Prince Edward Island
http://avc.upei.ca)
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addition to being strongly immunopositive
for vimentin, canine meningiomas may be
multifocally positive for other neural
markers, such as S-100 and NSE (WSC
2015-2016, Conference 20, Case 4). An S-
100 immunostain was performed on this case
at the JPC; neoplastic cells were strongly
immunopositive.

Differential  diagnosis  would include
malignant peripheral nerve sheath tumor
(especially epithelioid variants), multilobular
tumor of bone, and possibly orbital lobular
adenoma. Of these three, only the
multilobular tumor of bone would be
expected to have any significant osseous or
cartilaginous differentiation, and obviously
far exceeding that which is seen in this slide.
Histiocytic sarcoma commonly metastasizes
to the eye and may also have a dimorphic
appearance with both epithelioid and spindle
cells, but lacks osseous and chondrous
metaplasia and possesses a different
immunohistochemical profile
(immunopositive for vimentin and IBA-1 and
other leukocyte markers, while negative for
S-100 and NSE.)

The conical gross appearance of orbital
meningiomas is a characteristic finding,
tapering in proximity to the brain. Infiltration
through the optic foramen may be life-
threatening; metastasis of this tumor is
extremely rare. 3
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Self-Assessment - WSC 2017-2018 Conference 7

1. Which of the following is not a malignant microscopic feature of chondrosarcoma?

a. Numerous cells with prominent nuclei

b. Occasional binucleated cells

c. Numerous mitotic figures

d. Mucinous intercellular matrix

2. Which of the following would not be expected to exhibit Olig-2 labeling ?

a.

b
C.
d

Ependymoma
Astrocytoma
Oligodendroglioma
Mixed glial tumor

3. Which of the following horse breeds is overrepresented in cases of equine recurrent uveitis?

a.

b
C.
d

Paso Fino
Appaloosa
Thoroughbred
Arabian

4. Intracytoplasmic rod-shaped inclusions are seen in which cell type in cases of equine recurrent

uvieitis?

a.

b
c.
d

Retinal ganglion cells

Corneal endothelium
Non-pigmented ciliary epithelium
Retinal pigmented epithelium

5. What is the typical gross shape of an orbital meningioma?

a.

b.
C.
d

Ovoid
Conical
Spherical
Hourglass

Please email your completed assessment to Ms. Jessica Gold at Jessica.d.gold2.ctr@mail.mil for grading. Passing score is
80%.This program(RACE program number) is approved by the AAVSB RACE to offer a total of 0.5 CE Credits, with a
maximum of 12.5 CE Credits being available to any individual Veterinary Medical Professionals for the 2017-2018
Wednesday Slide Conference. This RACE approval is for the subject matter categories of: SCIENTIFIC using the
delivery method of NON-INTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize

AAVSB RACE; however, participants are responsible for ascertaining each board’s CE requirements.

RACE does not “accredit”, “endorse” or “certify” any program or person, nor does RACE approval validate the content

of the program.
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CASE |I: Case 16981 R23 (JPC 41078788-
00).

Signalment: Adult, female, N/A, Sciurus
vulgaris, red Eurasian squirrel

History: A frozen, adult red squirrel was
presented for postmortem examination as
part of a surveillance scheme aiming to
understand the causes behind the decline in
red squirrel populations in the UK.

Gross Pathology: This squirrel had bilateral
areas of alopecia and cutaneous swelling at
the snout, lips, eyelids, pinna and the ventral
and distal aspect of all limbs (figure 1).
Internally, the thoracic cavity was filled by a
moderate amount of pale pink, opaque fluid
(chylothorax).

Laboratory results: Hsp65 PCR followed
by sequencing®, and ulterior whole genome
sequence  work! were positive  for
Mycobacterium lepromatosis.

Microscopic Description: Description of the
pinna only: At the tip of the pinna, extending
from the aural cartilage to the superficial
dermis, there is severe, focally extensive
expansion by intercellular spacing (oedema)

Pinna, squirrel. The squired had bilateral areas of
alopecia and swelling on the snout, lips, eyelids, and
pinnae. (Photo courtesy of: Easter Bush Pathology,
College of Medicine and Veterinary Medicine, University
of Edinburgh, UK
(http://www.ed.ac.uk/vet/services/easter-bush-pathology).
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and severe infiltration by inflammatory cells.
The latter are mostly foamy macrophages,
with fewer lymphocytes and plasma cells and
rare multinucleated giant cells. Scattered
throughout this area, there are spindle shaped
cells (fibroblasts — fibrosis, suspected) and
accumulation of loose eosinophilic fibrillary
material (collagen). Within this there are
clear spaces containing 50-150pum wide,
loose aggregates of pale basophilic cotton-
like material. In the superficial dermis, all the
hair follicles are small to non-existent
(follicular  atrophy,  suspected). The
overlaying epidermis is approximately 5 cells
thick (mild, focally extensive, epidermal
hyperplasia), and has a thick stratum
corneum composed of several, parallel layers
of keratin (lamellar hyperkeratosis).

In areas of skin adjacent to the above
described lesion (at the base of the pinna), the
superficial dermis is diffusely infiltrated by
small numbers of lymphocytes and fewer
eosinophils. In the panniculus and
subcutaneous muscle associated, there is
mostly  perivascular infiltration by
lymphocytes, with very rare mast cells.

Pinna, squirrel. A section of haired skin and a cross-
section of the pinna is submitted for examination. The
dermis of both is markedly expanded by a dermal
infiltrate that causes marked thickening of the pinna.
(HE, 5X)
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Contributor’s Morphologic Diagnoses:
Severe, focally extensive, granulomatous
dermatitis with fibrosis, superficial oedema,
epidermal hyperkeratosis and basophilic
bacteria — haired skin, pinna

Contributor’s Comment: This is the first
red squirrel that was diagnosed with squirrel
leprosy a novel disease of red squirrels that
has only been detected in the UK so far.’.

In this case, the diagnosis of mycobacterial
disease was first confirmed by Ziehl-Neelsen
staining, which revealed intrahistiocytic and
intraneural acid-fast bacteria. The role of the
gram-positive filamentous bacteria noted
within the pinnal lesions was interpreted at
first either as a co-infection, or as a secondary
infection. Since this first diagnosis, we have
recorded the presence of filamentous bacteria
in some -but not all- further cases of squirrel
leprosy, frequently associated with ulceration
of the lepromatous lesions. This suggests that
the primary etiological agent are the acid-fast
bacteria. Work on the characterization of this
sporadic association, as well as the
taxonomical identity of these filamentous
bacteria is pending.

Following this diagnosis, further sporadic red
squirrel cases with similar gross lesions were
submitted for examination from diverse areas
of Scotland, and we were able to collect six
cases from 2006 to 2013. Three of these cases
were lost to follow up due to freezer break
down, and the gross and histological
examination was followed by PCR analyses
for the three remaining squirrels (including
this case). Briefly, fresh and fixed samples
from these were analyzed by PCR for the
detection of 1S900 and F57 (specific for
Mycobacterium avium subspecies
paratuberculosis [MAP]), 1S901 (specific for
MAP), and the gene encoding heat shock
protein 65 (hsp65=vgg — present in all
Mycobacterium spp). Only hsp65 vyielded
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fewer lymphocytes and plasma cells. Some macrophages are up to 60um in diameter with stacks of greyish filamentous
bacilli and cellular debris in their cytoplasm (lepra cells) (arrows). (HE, 320X)

positive results, and of the amplicons
revealed 99% sequence homology with
Mycobacterium lepromatosis (FJ924). This
was an unexpected finding, as M. lepro-
matosis had only been reported in human
leprosy patients in Mexico from 2008,® and
since then in other human cases from
additional locations (e.g. Costa Rica and
Singapore).2 There are no human cases of M.
lepromatosis  reported in the United
Kingdom, or any report of M. lepromatosis in
other non-human mammal worldwide.

The first report of human leprosy by M.
lepromatosis in 2008 has expanded the range
of etiological agents of human leprosy to two
bacterial ~ species  (previously  only
Mycobacterium leprae was known to cause
human leprosy). Human infection with M.
lepromatosis is associated with diffuse
leprosy, a severe form of leprosy with
spreading  lesions  containing  foamy
macrophages laden with large numbers of
intracytoplasmic acid fast bacteria. The

histological presentation we saw in these
squirrels is consistent with lepromatous
leprosy. The spectrum of human leprosy
lesions as described for Mycobacterium
leprae is summarized in figure 6. At the
extremes of this spectrum M. leprae causes
two distinct histological patterns®:

e Tuberculoid leprosy, with  dry,
insensitive, scaly cutaneous lesions,
which histologically feature asymmetric
involvement of large peripheral nerves,
which are enclosed within granulomas
containing low numbers of intracellular
acid fast bacilli (paucibacillary). This is
associated with a Thl response, with
production of IL-2 and IFN-y.

e Lepromatous leprosy, with symmetric
skin thickening and nodules in distal
areas (earlobes, feet). This presentation
involves widespread nervous invasion of
nerves by Mycobacteria, which are found
within Schwann cells, endoneural and
perineural macrophages with minimal

3



inflammation. The lesions are composed
of large, dermal aggregates of lipid-laden
macrophages containing large numbers
of acid-fast bacteria (multibacillary).
Other organs that may be involved are
regional lymph nodes, spleen, liver and
testicles. This presentation is also known
as anergic leprosy, because of immune
unresponsiveness, and features a weak
Th1 response and relative increase in Th2
response.

The spectrum contain intermediate categories
between the two poles, and is described by
the Ridley-Joplin classification scheme.’
This  scheme also includes early
indeterminate leprosy (IL — usually early
lesions that may evolve to one or another
pole). The entire scale includes polar
tuberculoid  leprosy (TT), borderline
tuberculoid leprosy (BT), mid-borderline
leprosy (BB), borderline lepromatous leprosy
(BL), and polar lepromatous leprosy (LL). A
further layer of information is provided by
the determination of the number of acid-fast
bacilli present in the lesions, which is
expressed on a 1 to 6 score based on a
logarithmic scale called the bacteriologic
index (BI). At the extremes are score 1= 1-

in 10 immersion fields
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Pinna, squirrel. Epithelioid macrophages and lepra cells
contain numerous intracytoplasmic acid-fast bacilli.
(Fite-Furaco, 200X)
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(paucibacillary) to score 6= >1000 bacilli in
1 oil immersion field (multibacillary).

An important diagnostic feature of leprosy, is
the presence of neural lesions, as noted in the
red squirrel cases. Intraneural acid fast
bacteria are a diagnostic feature, and these
may be associated with neuritis or
perineuritis.> Neural lesions are present
throughout the spectrum of leprosy lesions,
and lead to skin anaesthesia and muscular
atrophy that render affected areas susceptible
to trauma-associated lesions. It is possible to
hypothesize that the filamentous bacteria
noted in red squirrels may have entered the
skin lesion after trauma, as their presence is
associated with ulceration.

Other patterns may be associated with human
leprosy, which have not been reported in red
squirrels. The Type | reaction, or reversal
reaction, involves an increase in cell-
mediated immunity in lesions at the
borderline part of the spectrum. This leads to
progression towards the tuberculoid pole, but
also to reactivation of the lesions. This
reactivation in results in pain, the appearance
of new lesions, erythema/oedema of old
lesions, and nerve tenderness and swelling.
The type 1l reaction, or erythema nodosum, is
a type Il hypersensitivity that occurs on
patients with lepromatoid leprosy. These
patients develop neutrophilic infiltration of
the lesions, oedema, vasculitis/panniculitis,
and visceral manifestations.

Raised awareness as a result of the work on
Scottish ~ squirrels infected with M.
lepromatosis led to the detection of a cluster
of similar cases in Brownsea Island, a small
island off the south coast of England.
Strikingly, sampling and PCR analysis of
these cases revealed infection of 25 red
squirrels with M. leprael. This expands the
range of possible M. leprae hosts previously,
which  were humans and nine-banded



armadillos.® Another isolated case of M.
lepromatosis was detected in Ireland as part
of this further work. The gross and
microscopic lesions are very similar in red
squirrels infected with M. leprae or M.
lepromatosis (indistinguishable in the sample
set available).

Further mycobacterial whole genome
analysis was possible using enriched
techniques (e.g. host DNA depletion tools)
on tissues from all the squirrel samples.! This
enabled whole genome sequencing of these
bacteria, and phylogenetic comparisons using
Bayesian statistics. Comparison of British
and Irish M. lepromatosis with two Mexican
strains from humans show that they diverged
from a common ancestor around 27,000 years
ago, whereas the M. leprae strain is closest to
one that circulated in Medieval England.
Furthermore, comparison between the
English and Irish M. lepromatosis isolates
revealed divergence approximately 300 years
ago, coinciding with the reintroduction of red
squirrels in Ireland from British stocks.

Contributing Institution:

Easter Bush Pathology, College of Medicine
and Veterinary Medicine, University of
Edinburgh, UK
(http://www.ed.ac.uk/vet/services/easter-
bush-pathology).

JPC Diagnosis:

1. Ear, pinna: Dermatitis and neuritis,
granulomatous, multifocal to
coalescing, severe, with numerous
intracytoplasmic bacilli.

2. Ear, pinna: Dermatitis, superficial,
hyperkeratotic, multifocal to
coalescing, moderate, with rare
arthropods (acariasis).
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Haired skin, squirrel. Macrophages containing acid-fast
bacilli are present within rootlets of peripheral nerves.
(HE, 320X)

JPC Comment: The contributor has
provided an outstanding write up on this
emerging disease a unique species as well as
a fine review on the various types of leprosy,
allowing us to examine the history of one of
the world’s oldest scourges.

In 2005, genetic analysis was performed on
the incredibly stable genome of MA in order
to map its origins.® Incredibly, a cases of
leprosy throughout history are derived from a
single clone throughout history, and very rare
polymorphisms in single nucleotides allow
for insight into the disease’s roots. The
disease originated in Eastern Africa or the
Near East, and spread into Asia and Europe
with progressive human migrations, often
accompanying patterns of colonization and
the slave trade. Leprosy was introduced into
the Americas with the advent of slavery,
either by Europeans or Western Africans.

Sadly, no disease has resulted in more
transiently or social stigmata than leprosy.
The etymology of the word “leprosy” is
derived from Greek or from old English,
meaning (scaly skin). While it is difficult to
make  retrospective  diagnoses  from
symptoms of diseases in ancient writings,
lesions strongly suggestive of leprosy known
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as “tzaraath” (and reputed to be healed by
Jesus in the New Testament) are found in the
Bible and the Talmud, and similar lesions are
described in the Feng Zhen Shi (266-246
B.C., China). In 2009, a 4000-year old
skeleton was uncovered in India
demonstrating patterned lesions of leprosy.

The stigmata associated with leprosy began
in the Middle Ages — afflicted individuals
were often required to wear bells on their
persons to announce their passage in the
streets and literally  thousands  of
leprosariums sheltered the infected (as well
as many others with other diseases whose
only affront was being a family member of an
infected individual or simply indigent.
Mandatory  segregation  of inflicted
individuals was practice in a number of
countries (with Japan in 1996 being the final
country to rescind this stigmatizing law) and
many countries (including the UK) made it a
practice to segregate patients by gender in
leprosaria, in the unfounded belief that
children arising from two infected
individuals would be born with the disease.
Some of the most restrictive practices were
the norm in India which in the 1900s
regionally prohibited infected individuals
from traveling by train, diving, running in
local elections and even made it a legal
justification for divorce. Some of these laws,
written prior to the development of
successful multidrug therapy and the Indian
healthcare’s  systems very successful
campaign against the diseases, still remain on
the books.

In 1873, Dr. G.H Armauer Hansen
discovered the causative agent, making
leprosy the first disease to be recognized as
being caused by a bacterium. The disease
today is often referred to as “Hansen’s
disease”, a term preferred by patients over the
term “leper”. In the 1940’s the sulfone drug
promin became the first effecting therapy.
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| Ridley Jopling histological classification of leprosy

BT BB BL LL
Tuberculoid lepromatoid Lepromatoid

31 ih2/ 7Bl

Ridley, D. S. (1974). "Histological classification and the immunological spectrum of leprosy.”
Bulletin of the World Health Organization 51(5): 451-465.

Diagram of the Ridley-Jopling histological classification
of leprosy. (Image courtesy of: Easter Bush Pathology,
College of Medicine and Veterinary Medicine, University
of Edinburgh, UK
(http://www.ed.ac.uk/vet/services/easter-bush-pathology).

Today, multidrug therapy of rifampicin,
clofazimine, and dapsone (a derivative of
promin) are highly affected in treating
leprosy.

Due to effectiveness of multidrug therapies,
the sole remaining leprosarium in the US in
Carville, Louisiana was closed in 1999 in
favor of outpatient treatment of those
afflicted with Hansen’s disease.
Approximately 200 cases are diagnosed
yearly in the U.S, and treated effectively if
the disease is recognized early. Interestingly,
zoonotic  leprosy, transmitted  from
armadillos to humans has been confirmed in
parts of the southern u.s.®

In this case, the amount of hyperkeratosis and
superficial inflammation seemed excessive
for mycobacteriosis. In the electronic disc
provided with this series, there are rare cross
sections of a chitinous exoskeleton,
suggestive of an arthropod, overlying the
epidermis. On serial sections of the slide
provided for special stains, multiple intact
arthropods were identified within regions of
hyperkeratosis. This is consistent with
acariasis in addition to leprosy in this animal.



A recent publication on = “atypical
histiocytosis” in red squirrels described
animals with similar gross and histologic
lesions to those in this case, but IHC, special
stains, and PCR were negative for
Mycobacterium spp.®

Following the review of the case, the
moderator  discussed the  widespread
distribution of mycobacteria in a number of
other species including fish, reptiles and
amphibians.  Other species of note for
mycobacterial infections include elephants,
which are often infected by M. tuberculosis,
noting that it may is advantageous to wear
personal protective gear when performing
necropsies on elephants. She also noted the
prevalence and severity of mycobacterial in
sygnathid fish, including sea horses, sea
dragons, and pipefish.
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CASE 11: D15-060481 (JPC 4082891-00).

Signalment: Hatch-year female bald eagle
(Haliaeetus leukocephalus)

History: This animal was admitted to The
Raptor Center (TRC) of the University of
Minnesota on December 13, 2015. It was
recumbent and had head tremors. The animal
was severely dyspneic. Small radio-dense
fragments were detected in the ventriculus by
x-ray. The animal had a PCV of 27%
(considered to be anemic). It was
euthanatized the same day after blood
analysis revealed a markedly elevated lead
level (3.3ppm).

Gross Pathology: The bird was in a good
nutritional state. It was anemic. The
pericardial sac contained 45ml of clear
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Heart, bald eagle: A cross section of the myocardium is
submitted. Subgross examination does not reveal any
significant lesions. (HE, 6X)

yellowish watery fluid with a small amount
of flocculent material (heart weight: 53g).
The myocardium of the left and right
ventricle was multifocally beige discolored.
Approximately 30% of the myocardium,
particularly subjacent to the endocardium of
the left wventricle, were affected. The
proventriculus and ventriculus contained
multiple small metallic fragments.

Laboratory results: None performed.

Microscopic  Description: Heart (left
ventricle) — The lesions are most pronounced
in one papillary muscle of the left ventriculus
but to a lesser degree are present at other sites
of the myocardium (eg subepicardial
myocardium). Cardiomyocytes in numerous
fascicles of the aforementioned papillary
muscle are shrunken and slightly hyper-
eosinophilic containing homogenous
(“hyalinized”) material. Occasional pyknotic
nuclei of cardiomyocytes are present. The
number of cardiomyocytes in some fascicles
appears to be reduced and the endomysium
appears more prominent and slightly
vacuolated. The number of fibrocytes in the
endomysium is slightly increased in few
locations with  subtle deposition of
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collagenous matrix. In more affected
fascicles, groups of cardiomyocytes are
replaced by pools of homogenous
eosinophilic acellular (“hyalinized”)
material. The smooth muscle cells in the
media of occasional small to medium caliber
myocardial arteries are mildly vacuolated.
The endothelial cells of these arteries are
slightly hypertrophied. In few arteries,
homogenous eosinophilic (“hyalinized”)
material replaced the media or portions of the
media and adventitia.

Contributor’s Morphologic Diagnoses:

Heart:
a. fibrinoid necrosis of small and
medium caliber myocardial arteries,
multifocal, acute
b. myocardial necrosis, multifocal,
moderate, acute.
c. myocardial fibrosis, multifocal,
mild.

Contributor’s Comment: The cardiac
lesions in this case are most consistent with a
degenerative or toxic cardiomyopathy. The
result of the blood lead analysis is diagnostic
of lead poisoning. The blood lead level of
3.3ppm is high considering that bald eagles
with levels above 1ppm have a poor
prognosis for survival even when treated by
chelation and are frequently euthanized at
admission.*? The good nutritional state of the
bird at the time of death suggests a fairly
acute course of the disease. Accordingly, the
myocardial lesions were dominated by rather
acute changes with only subtle early
myocardial fibrosis.

Lead toxicity is a common cause of death in
scavenging raptors such as eagles and
vultures as well as waterfowl worldwide.
Cardiac lesions including hydropericardium,
myocardial necrosis, fibrinoid necrosis of
myocardial vessels and myocardial fibrosis



by a dense hyaline material with admixed cellular debris (fibrinoid necrosis).

have been described in bald eagles.®"1°

Approximately 36% of lead intoxicated
eagles submitted to the National Wildlife
Health Center (Madison, Wisconsin, USA)
had microscopic cardiac lesions. Myocardial
infarction with angiopathy is also common in
waterfowl with fatal lead intoxication.?.
Besides the cardiac lesions, tubulonephrosis
and brain lesions, including hemorrhages and
parenchymal necrosis, have been reported in
eagles with plumbism.®*° Anemia, bile stasis
and bile staining of gastrointestinal mucosa
are considered to be common gross findings
in lead intoxicated eagles but are unspecific
as to the cause and highly subjective
findings.” Lead is known to have a wide
range of pathophysiologic effects. Lead
interferes in the avian host with sulfhydryl-
dependent enzyme function (eg, delta
aminolevulinic acid dehydrase); mimics
calcium hereby interfering with neurologic
function and mitochondrial respiration; and
adversely affects DNA and RNA synthesis.®
However, the exact pathogenesis of the lead-
associated  fibrinoid vascular  necrosis,
cardiomyocyte degeneration, and myocardial
fibrosis is uncertain.
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While waterfowl pick
, up lead  pellets
(accumulated in lakes
7 after hundreds of
# 4 years of hunting with

lead-based

ammunition and
ongoing illegal use of
o lead-based
.= ammunition), lead
= sinkers, etc. while
dabbling, lead

' exposure in eagles
- and scavenging birds
occurs almost
exclusively by
ingestion of

carcasses and offal of animals (upland birds
and ungulates) killed with lead-based
ammunition.> Despite the ban of lead-based
ammunition for waterfowl hunting in the
USA and Canada in the seventies, the flow of
cases of lead-intoxicated scavenging birds to
wildlife rehabilitation centers and diagnostic
labs has not slowed.® Extending the ban of
lead-based ammunition to hunting of upland
birds, wild turkey and ungulates would
prevent lead poisoning in scavenging birds.!

Contributing Institution:

University of Minnesota  Veterinary
Diagnostic Laboratory
http://www.vdl.umn.edu

JPC Diagnosis: Heart, small- and medium-
sized arteries: Fibrinoid necrosis, multifocal,
severe, with myofiber degeneration, necrosis
and atrophy and marked myocardial fibrosis.

JPC Comment: Lead is a well-known and
potent  environmental and industrial
contaminant. It is widely distributed in the
body and stored in the kidney, liver, and bone
(where it may reside for up to 35 years!). Its
effects in the hematopoietic, urinary,
musculoskeletal, and nervous systems are



well known, even if many gaps yet persist in
our knowledge of its pathophysiology in
these systems.

One of the more recent areas of investigation
in lead toxicosis are its effects upon the
cardiovascular system. Damage to the
vascular system as a result of lead
intoxication is likely multifactorial, and lead
exposure in humans has been identified in an
increased incidence of cardiovascular
disorders such as hypertension, organic heart
disease, and peripheral arterial diseases,
including atherosclerosis.® Research in
animal models and human populations has
also shown a direct and causal relationship
between low-level lead exposure and
hypertension.

At the cellular level, lead is a major driver in
free radical damage affecting both
endothelial cells and smooth muscle cells.
Entering the cells through normal calcium
channels, lead inhibits endoplasmlc
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reticulum (ER) Ca?*-ATPase, resulting a
release of calcium into the cytoplasm, and
triggering ER stress as a result of release of
calcium-dependent signaling and chaperone
proteins contained within the ER.!' In
addition, it can bind directly to the calcium-
binding protein, glucose-regulated protein 78
(GRP78), another ER-based chaperone
protein involved in ER stress. 1! Activation of
these proteins results in elevated levels of
reactive nitrogen species in damaged cells
and measurable increases in the cytotoxic
effects of lead. In vitro studies of
cardiofibroblasts has also shown that
administration of lead induces autophagy (a
protective response) through inhibiting the
mammalian target of rapamycin complex 1
(mTORC1) pathway.**While speculative, the
vascular changes seen in this case suggest a
correlation between hypertension,
endothelial damage and the toxic principles
of lead at the cellular level. The arterial
lesions seen in this case are similar to those

)‘Heart bald eagle: ‘ngher magnlflcatlon of affected vessels with loss of endothellum partlal to total occluswn and effacement

of the media and adventitia. (HE, 354X)
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of polyarteritis nodosa (PN), a change often
seen in hypertensive rat models. A vicious
cycle of endothelial damage and
hypertension may result in similar lesions.
(One difference between this lesion and PN,
however, is the lack of cellular proliferation
in the adventitia associated with many cases
of PN).

In this section, myocardial damage appears
most severe in the areas of vascular necrosis,
suggesting a cause-and-effect scenario,
bolstered by the concurrent presence of
myofiber  degeneration, necrosis, and
fibrosis, denoting a polyphasic timeline
consistent with a toxic vascular injury. It is
certainly possible that a similar direct effect
of lead on cardiocytes, in addition to that seen
in the vessels may have contributed to the
widespread myocardial damage in this
section.

The most diagnostic tissue to submit for lead
toxicosis post mortem is the liver. Although
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pyknotic nuclei. (HE, 400X)

Heart, bald eagle: Scattered throughout the myocardium, and often within papillary muscles,
there are areas of myocardial necrosis with myofiber swelling, loss of cross striations, and rare
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lead accumulates in bone, bone levels of lead
represent a lifetime accumulation of this
metal and therefore are difficult to correlate
to point in time toxicosis if acute toxicity is
suspected. As stated by the contributor,
exposure to lead in these animals is via
ingestion. Although embedded lead shot is
common in wildlife, intramuscular lead does
not readily dissolve, and poses little risk for
toxicosis. It is unusual that presumptive lead
fragments  were identified in  the
proventriculus and ventriculus in this case as
birds of prey with plumbism frequently cast
out metallic fragments prior to death. An
additional histologic finding of lead
toxicosis, though rare, is intranuclear, acid-
fast inclusions in renal tubular epithelial
cells. These lead inclusions have not been
reported in eagles or California condors, but
have been seen in turkey vultures and Andean
condors.

Attendees discussed a number of differential
diagnoses for this case including West Nile

virus, capture
myopathy,
nutritional
imbalance of

Vitamin  E and
selenium, and even
electrocution (which
may  result in
hemopericardium at
necropsy). The
absence of

significant
inflammation argues
against West Nile
Virus infection

(although
interestingly, the
heart, brain, and eye
are  preferentially
affected - the same
triad of organs that
exhibit vasculitis in
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lead—intoxicated birds.) The polyphasic
nature of the lesion and concomitant
vasculitis argues against the possibility of
capture myopathy, and vasculitis is
uncommon in most species with Vitamin
E/Se imbalance (with the possible exception
of swine).

It is not uncommon for particulate matter
containing lead to be absent from poisoned
birds at autopsy. When submitting avian
tissues for lead measurement, most reference
ranges are based on liver accumulation,
which would best represent acute lead
storage (as opposed to bone levels, which
may reflect a lifetime accumulation of lead).
When searching histologically for evidence
of lead toxicosis, kidneys are a good choice
for the identification of intranuclear
inclusions.
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CASE I1l: 116-618 (JPC 4083860-00).

Signalment: One juvenile female alligator
(Alligator mississippiensis)

History: Out of a cohort of 5,000 alligators,
five had decreased appetite but no associated
mortalities had been recorded at the time of
submission. Alligators of this farm had
previously been diagnosed with chlamydia
infection. The client also requested testing for
West Nile Virus.

Gross Pathology: The alligator was in good
body condition, weighing 2.8 kg. A scant
amount of clear free fluid was in the coelomic
cavity. The liver was pale tan to green on cut
surface . The spleen measured 4 x 1.5x 1 cm
(approximately twice the expected size), was

Heart, alligator. Multiple pale tan foci are on the
epicardial surface. (Image courtesy of: Louisiana Animal
Disease Diagnostic Laboratory,
http://www1.vetmed.Isu.edu/laddl/index.html).
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mottled red to dark red, and bulged on cut
surface. On the epicardial surface were
multiple 1 mm, pale tan foci that did not
extend into the myocardium . Minimal red-
tinged fluid was in the lower trachea.

Laboratory results:
Molecular (PCR):

Liver, heart, conjunctiva (pooled) and
conjunctival swab: Positive for
Chlamydiaceae

Liver, kidney, heart, brain, spleen
(pooled): Negative for West Nile Virus
Special stains:

Liver: Gimenez-positive
microorganisms
Immunohistochemistry

Liver: Microorganisms are

Liver, alligator. On cut surface the hepatic parenchyma
is slightly orange to brown with multiple pinpoint pale
tan-to-yellow foci. (Image courtesy of: Louisiana Animal
Disease Diagnostic Laboratory,
http://www1.vetmed.lsu.edu/laddl/index.html).

immunopositive using a monoclonal
anti-chlamydia  lipopolysaccharide
antibody

Microscopic Description: Liver: There are
are multifocal to coalescing areas of
hepatocellular ~ vacuolar  degeneration,
necrosis, and loss and replacement by
aggregates of fibrin, cellular debris, and
heterophils. Clusters of basophilic, Gimenez-
positive microorganisms are present in
multiple remaining hepatocytes. Aggregates
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of lymphocytes and plasma cells infiltrate
portal areas. Biliary epithelial cells, Kupffer
cells and, to a lesser extent, hepatocytes
contain intracytoplasmic golden yellow-to-
dark brown, iron stain-positive and bile stain-
negative pigment granules.

Contributor’s Morphologic Diagnoses:
Liver: Hepatitis, necrotizing, multifocal-to-
coalescing, marked, acute, with intra-
hepatocellular coccobacilli

Contributor’s Comment: Chlamydiae
represent a phylum of obligate, intracellular
bacteria that parasitize an array of hosts
including vertebrates, a few arthropod
species, and several free-living amebae.?
Ubiquitous in the environment, chlamydiae
are further classified into nine different
families, all of which share similar
developmental cycles and reproductive
requirements but differ in their morphology,
host specificity and capacity for disease.®
Chlamydiae exist in either one of three
stages: an extracellular infectious elementary
body (or the dispersal form, analogous to a

LS LAY}

(HE, 100X)
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Liver, alligator. A retiform pattern of pallor resulting from coalescing areas of lytic necrosis is present across the section.
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spore), an intracellular vegetative reticulate
body, or, rarely, as described for the
Parachlamydiaceae family, a crescent body
(also an infective stage).? The family
Chlamydiaceae is comprised of the genera
Chlamydia and Chlamydophila. The most
significant human  pathogens include
Chlamydia trachomatis (responsible for
urogenital infections and the agent of
trachoma) and Chlamydophila pneumoniae
(associated with respiratory infections and
neurodegenerative syndromes). The majority
of the other related species are veterinary
pathogens with few anthropozoonotic
exceptions, notably Chlamydophila psittaci
(psittacosis) and Chlamydophila abortus
(spontaneous fetal loss).® Besides mammals,
Chlamydophila  also  targets  birds,
amphibians, and reptiles, and chlamydiosis
has been described in both free-ranging and
captive cold-blooded animals including a
variety of snakes, frogs, crocodiles,
chameleons, and tortoises.® Associated
lesions in these species are commonly
observed in the spleen, heart, lung and liver,
characterized by granulomatous

B8 )
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inflammation within whichever organ is
infected. There are also rare reported
incidences of wasting disease;
gastrointestinal involvement; and necrotizing
myocarditis, enteritis and splenitis.®

The Louisiana Animal Disease
Diagnostic ~ Laboratory  has  recently
diagnosed an outbreak of chlamydiosis with
high mortalities in a group of farmed
American alligators, the first documented
report of chlamydiosis in the species.® A
novel reptilian Chlamydophila isolate was
identified via PCR with 86% homology to C.
psittaci using OmpA gene sequencing. The
main  pathological  findings included
necrotizing, heterophilic and granulomatous
hepatitis ~ with  intracellular  bacteria,
necrotizing myocarditis, and

lymphoplasmacytic, mixed histiocytic and
heterophilic conjunctivitis. The alligator of
the present submission had similar lesions in
both the liver and heart (namely a
heterophilic and
necrotizing

lymphoplasmacytic

hepatitis, epicarditis and

) B i

characteristic of chlamydiae. (HE, 400X)

Lier, alligator. t the periphery of areas of necrosis, eptocyt
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pericarditis). Additional molecular
characterization of this novel Chlamydophila
species is warranted to understand its host
specificity and infective potential.

In conference, the moderator reviewed some
anatomic peculiarities of the reptile liver.
The reptile liver is not organized into distinct
lobules as in mammals, and hepatic cores are
not always seen radially around central veins.
Hepatic veins and bile ductules mark the edge
of a lobule, and hepatic arteries may or may
not be present. She also commented on the
difficulty of precisely identifying pigments
within the liver of reptiles, which in this case,
the attendees variously identified as bile,
hemosiderin, or melanin. In reality, many of
the aggregates of pigment may stain
positively for none, one, or more of these
particular pigments on a variety of
histochemical stains.
Contributing Institution:

Louisiana Animal Disease Diagnostic

Laboratory
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JPC Diagnosis: Liver:  Hepatitis,
necrotizing, multifocal to coalescing, severe,
with  rare  intrahepatocellular intra-
cytoplasmic bacterial inclusions.

JPC Comment: Prior to any further
discussion on this case, it appears (to the
delight of pathologists everywhere), all
members of the genus Chlamydophila have
been replaced in the genus Chlamydia, and
the controversial creation of the genus
Chlamydophila has been reversed.!

While largely known as an intracellular
“energy parasite” of mammals and birds,
chlamydiae are also well-established as
parasites of reptiles, fish, insects,

crustaceans, and bivalves. Chlamydia (or
Chlamydia-related bacteria) are the causative
agent of “epitheliocystis”, a poorly-named
but common parasitic gill disease of fresh and
saltwater fish species.

One of the most interesting parts of the life
cycle of chlamydiae is their dependence on

Liver, alligator. A Gimenez stain highlights the clusters
of microorganisms within the hepatocytes (Gimenez,
400X)(Image courtesy of: Louisiana Animal Disease
Diagnostic Laboratory,
http://www1.vetmed.lsu.edu/laddl/index.html).

host cells for energy. Traditionally,
chlamydiae have been considered ‘“energy

181

parasites”, entirely dependent on host cells to
supply ATP requirements. Much of this early
research was apparently performed on
elementary body life stages (a rather
metabolically inert form) revealing a lack of
flavoproteins and cytochromes associated
with traditional mitochondrial function, as
well as the presence of two ATP-ADP
translocases which allow for energy uptake
from the host cell. Recent genomic
investigations of other life stages have
revealed genetic encoding for many energy
pathways, including glycolysis, the Krebs
cycle, and the pentose phosphate pathway.
Enyzmes in these pathways have been
identified in reticulate bodies suggesting a
potential for inherent energy creation in more
metabolically active life stages than
previously thought.®

Another interesting feature of many species
of chlamydiae is their symbiotic relationship
in the absence of a suitable host with free-
living amoeba, to include Acanthamoeba and
Hartmanella.  While present within the
cytoplasm of amoeba, the bacteria are not
digested or harmed, and some species may
even continue to excrete elementary bodies
(the environmentally resistant life stage) into
the surrounding extracellular environment.
The presence of intracellular chlamydiae
have differential effects on the growth rate of
various host amebae, and have been
documented to increase the cytopathic effects
of certain ameba species. In human
medicine, combined free-living amebic and
chlamydial infections have been
documented, likely as a result of infection of
susceptible individuals by ameba/chlamydial
symbionts.?

Since the submission of this case, a second
report of fatal systemic Chlamydia infection
in juvenile Siamese crocodiles, with lesions
in the heart, liver and spleen similar to those
reported in this outbreak, has been published.

16


http://www1.vetmed.lsu.edu/laddl/index.html

PCR also suggested a novel Chlamydia sp.
The lesions seen in this case, as well as the
subsequent report by Thongkamkoon et al.,
are similar to the lesions seen in estuarine and
Nile crocodiles, in which hepatitis is the
predominant lesion of systemic
chlamydiosis® and differs from other types of
chlamydia-associated disease previously
identified in crocodiles, which include
infection of the conjunctiva and upper
respiratory tract, and death as a result of
fibrinous suppurative upper airway and
tracheal disease.’
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CASE 1V: 13-46415 (JPC 4048668-00).

Signalment: ~ Adult, male, eastern
massasauga rattlesnake (Sistrurus catenatus
catenatus)

History: Free-ranging eastern massasauga
rattlesnake from Michigan.

Gross Pathology: The mandible is markedly
enlarged and distorted by firm swelling of the
subcutis, up to 0.9 cm in thickness. Along the
rostral aspect of mandible, a 1.5 cm x 0.4 cm
region of the oral mucosa is red-brown and
ulcerated. The spectacles are bilaterally light
blue and opaque. Adhered along the entire
length of the body, there are focally extensive
regions of dull, retained scales (dysecdysis).
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lymphocytes and
plasma cells. There
is also a free crust

composed of
numerous degenerate
and viable
heterophils, necrotic
cellular debris,
myriad small

coccobacilli and a
few fungal hyphae.
The fungal hyphae
stain  black  with

Grocott’s
Methenamine Silver
(GMS).

Contributor’s
Morphologic
Diagnoses:

Mandible, rattlesnake. A 1.5x04cm ulcerated nodule involves the oral mucosa. The spectacle is

moderately opaque. (Photo courtesy of: University of lllinois College of Veterinary Medicine Head
Department of Pathobiology and Veterinary Diagnostic Laboratory. ’

http://vetmed.illinois.edu/path/)

Laboratory results:
Real time PCR positive for Ophidiomyces
ophiodiicola

Microscopic Description: Effacing and
expanding the dermis and subcutis of the
right caudoventral mandible, compressing
the adjacent skeletal muscle and dorsally
elevating the overlying mucosa of the oral
cavity are multiple coalescing granulomas
centered on eosinophilic necrotic debris and
small numbers of fungal hyphae. The hyphae
are 3-5 um in diameter, parallel walled,
septate, and occasionally branching. Areas
of necrosis are surrounded by numerous
epithelioid macrophages and few
multinucleated giant cells containing up to 6
nuclei. The granulomas are further
circumscribed by plump fibroblasts and
dense bands of fibrous connective tissue that
are infiltrated by many heterophils, fewer

mandible:
Dermatitis and

cellulitis,
heterophilic and granulomatous, focally
extensive, severe with fungi

Contributor’s Comment: Over the last
decade, Snake Fungal disease (SFD) has
become an emerging skin disease in certain
populations of wild snakes in the Eastern and
Midwestern United States. The keratinophilic
fungus Ophidiomyces (formerly
Chrysosporium) ophiodiicola has been
consistently associated with SFD. Unlike
other fungal members of the family
Onygenaceae (order Onygenales), O.
ophiodiicola has been recovered only from
snakes. Published reports of fungal isolates
confirmed via DNA sequencing or PCR
assays have been reported in at least 12
different snake species.?°
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While clinical signs and disease severity may
vary by species, fungal infection often leads
to a fatal outcome, especially in eastern
massasauga rattlesnakes.? The most common
clinical signs of O. ophiodiicola are severe
facial swelling and disfiguration.  Other
cutaneous lesions include scabs or crusty
scales, subcutaneous nodules, skin ulcers,
dysecdysis, and hyperkeratosis.?1!
Occasionally, fungal invasion may further
progress to disseminated or systemic
mycosis. Histologic lesions typically consist
of cutaneous ulcers with thick adherent
serocellular crusts and multiple granulomas
within deeper tissues that are centered on
variable numbers of fungal hyphae.?®
Although not seen histologically in this
snake, notable morphological characteristics
for O. ophiodiicola may include formation of
short, undulate, sparsely septate lateral
branches and chains of cylindrical
arthroconidia usually along the epidermal
surface.’

The origin, transmission, and predisposing
factors of infection with O. ophiodiicola
remain poorly understood. Occurrence of
infection across different locations over a
span of years suggests fungal presence within
the environment. Histopathologic evidence
of primary skin involvement is also

Head, rattlesnake. Three sections of decalcified head are
submitted. The middle section contains a large
inflammatory nodule. The section on the right is
primarily composed of a serocellular crust. (HE, 5X)
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Mandible, rattlesnake. The inflammatory nodule is
composed on well-defined coalescing granulomas (“a

granuloma composed of smaller granulomas”.) (HE,
122X)

consistent with environmental acquisition of
infection.? Recent culture and molecular
based surveys of healthy captive and wild
snakes have shown that the fungus is not a
common constituent of the normal snake skin
microflora.l?

Aside from presence of the fungal elements
in  disease-associated lesions, specific
pathological criteria for O. ophiodiicola
associated SFD have not vyet been
established. Differentials for derma-
tomycosis of snakes include dermatophytes
and members of the Chrysosporium
anamorph Nannizziopsis viresii (CANV)
complex, which share similar fungal
morphologies. Therefore, diagnosis of O.
ophiodiicola typically requires a combination
of physical examination, histopathology,
culture and/or molecular analysis such as
PCR or DNA sequencing.®*°

Contributing Institution:

University of Illinois College of Veterinary
Medicine Department of Pathobiology and
Veterinary Diagnostic Laboratory.
http://vetmed.illinois.edu/path/

JPC Diagnosis: Mandible: Osteomyelitis,
rhabdomyositis, cellulitis, and stomatitis,
granulomatous, focally extensive, severe,
with myofiber atrophy, ulcerative stomatitis,
and fungal hyphae.
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JPC Comment:

Within the last generation, cutaneous and
systemic fungal infections have resulted in
dramatic declines of varies animal species on
a global scale - Batrachochytridium
dendrobatidis in amphibians (and a related
species, B salamandrivorans in European
salamanders), Pseudogymnoascus
destructans in bats, and now, related species
of Chrysosporium (Nannizziopsis) in various
species of reptiles.

Three lineages of closely related genera
cause dermal or systemic infections in
reptiles: the genus Nannizziopsis (N. vriesis,
N. guarroi, and six additional species) infect
various lizard species. Paranannizziopsis
has three species which affect squamates and
tuataras, and the species Ophidomyces
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ophiodiicola affects snakes.®
While considered an emerging threat,
opinions differ as to whether O. ophiodiicola
is a recently introduced pathogen, or a
pathogen which has emerged and spread as a
result of recent environmental changes.* The
agent was first identified in 2006 as an
outbreak in timber rattlesnakes, but since
then has been identified in over 30 snake
species, 6 families, and outbreaks in wild
snakes in almost every state in eastern half of
the United States. While this rapid
emergence of the disease suggests a newly
introduced pathogen, subsequent cases may
be identified 500-1000 miles distant from the
closest report, activity not consistent with the
“new pathogen” theory. Moreover,
investigation of historical outbreaks of skin
disease in wild snakes, couple with new

i

Mandible, rattlesnake. Scattered randomly throughout the granulomas are cross sections of negatively stained, 3-5um
diameter fungal hyphae (arrows) (HE, 400X)
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molecular techniques has identified O.
ophiodiicola in previous cases. One recent
study documented a 74% incidence of O.
ophidocola in cases of “hibernation sores” —
a condition well known to herpetologists for
decades.*

On a comparative note, invasive,
occasionally fatal infections caused by
Nannizziopsis sp. have been rarely identified
in humans, often in immunosuppressed
patients. N. obscura, N. infrequens (both
good names for rare pathogens) have been
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diagnose fungal disease without paired
histologic samples. Many fungi colonize the
shed of snakes, and ecdysis may be a
mechanism for snakes to prevent pathogenic
fungal infections. Fungi that are primary
pathogens in snakes are uncommon.’
Invasiveness, granulomatous dermatitis, and
arthroconidia may increase the index of
suspicion for SFD (and warrant culture) and
help the pathologist to diagnose this
condition over other, common, secondary
Secondary, opportunistic,
» fungal infections are very
.. | common in snakes, and
are frequently caused by
e hyalo-hyphomycotic
= fungi; this underscores the
<.~ importance of evaluating
.7 fungal morphology and

A SN using ancillary
SR A TANAR T AR

320-% B8 S A Lol ey diagnostics to screen for
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PR . primary fungal diseases,
8 S IR A ! such as SFD.°

U8 i The moderator discussed

¢ the diverse mycobiota of

the skin of snakes, which

. is often composed of a

) number of secondary
. pathogens; however,
subcutaneous infection

" and granuloma formation
. is very characteristic of
- this particular pathogen.
Acid-fast staining to rule
out mycobacteriosis s
advisable in these cases
from a practical aspect.

Mandible, rattlesnake. A silver stain highlights the presence of non-branching fungal
hvinhan with nan narallal wualle (AC 2NNV

indentified in patients sharing risk factors of
HIV infection and/or recent travel to Africa.
Abscesses in the brain, bone, viscera or soft
tissues  predominate;  treatment  with
antifungals were successful in several cases.
There is currently no evidence of zoonotic
infections associated with Nannizziopsis sp.’
Reptiles have a diverse array of normal
mycobiota of the skin. As such, PCR or
culture should never be performed to
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Self-Assessment - WSC 2017-2018 Conference 8

1. Which of the following is a characteristic finding in leprosy?

a. Intraneural acid-fast bacilli

b. Granulomatous inflammation destroying the nasal septum

c. Langhans’ giant cells

d. Rare intrahistiocytic acid-fast bacilli

2. Which of the following cardiac lesions has NOT been seen in lead-intoxicated bald eagles?

Qa 0 T o

Hydropericardium

Lymphocytic inflammation of the conduction system
Scattered myocardial necrosis

Myocardial fibrosis

3. Which of the following may form a symbiotic relationship with Chlamydia sp?

a.

b
C.
d

Amoebae
Swine
Mushrooms
Fruit bats

4. Which of the following is the environmentally resistant, metabolically inactive form of

Chlamydia sp?

a 0 T o

Intermediate body
Elementary body
Reticulate body
Crescentic body

5. Which of the following is infected by Ophidiomyces ophiodiicola?

a.

b
C.
d

Snakes
Crocodilians
Turtles
Chameleons
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CASE I: 13-12484 (JPC 4050022-00).

Signalment: Two day old male warmblood
horse, Equus caballus

History: This colt presented for bloody
diarrhea, lethargy, and anorexia for ~1 day.
His birth was not witnessed and he was
noticed to be standing and nursing although
the mare’s udder was tight and he was not
nursing well. He passed tan diarrhea at that
time. Later that morning the diarrhea became
bloody and he was increasingly lethargic. At
presentation to Oregon State University Lois
Bates Acheson Veterinary Teaching Hospital
he was lateral, dull, ~ 5-10% dehydrated, and
minimally responsive. Mucous membranes
were pale, tacky, cold, and injected with a
prolonged CRT. There were petechiae in the
oral mucous membranes and in the pinna.
Preliminary diagnosis was sepsis and despite
supportive care there was little improvement.
Due to the guarded prognosis the foal was
euthanized and a necropsy was performed.

Intestine, foal: A section of intestine is submitted for
examination. At subgross magnification, a linear band of
cellular debris is present at the base of the mucosa, and
the submucosa is markedly expanded by edema,
hemorrhage, and multifocal emphysema. (HE, 6X)

Gross Pathology: Jejunal content was
hemorrhagic, with multifocal zones of
mucosal necrosis up to 50 x 15 cm
throughout. There were multiple gastric
ulcers with hemorrhagic gastric content and
bloody liquid material throughout the small
and large intestine. Petechiae and
ecchymoses were present in the endocardium
and kidneys.



Laboratory results: CBC: Leukopenia
(2810; RI: 6000-120000/ul), HCT 48.7% RI:
32-48%), hypoproteinemia (5.4; RI: 6.0-8.5
g/dL), hyperfibrinogenemia (400; RI: 100-
400 mg/dl), lymphopenia (1208; RI: 1500-
5000/ul), moderate neutropenia with a left
shift (674; RI: 3000-6000/ul; bands 141 RI:
0-100ul).

Complete Chemistry: Mild azotemia (BUN
30; RI: 8-23 mg/dl, Crea 2.3; RI: 0.9-1.7
mg/dl), mild hypoglycemia (Glu 51; RI: 79-
109), mild hyperbilirubinemia (3.4 RI: 0.8-
2.6 mg/dl), moderate to  marked
hyperphosphatemia (10.1; RI: 1.9-4.1 mg/dl),
increased SDH (12.9; RI: 2.4-7.2 U/L

1gG > 800 mg/dl

Blood culture: Actinobacillus equuli two
colony types

Fecal c. difficile enterotoxin ELISA: positive
Fecal c. perfringens enterotoxin ELISA:
negative
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Microscopic Description: Small intestine:
There are multifocal extensive areas of
transmural hemorrhage. The submucosa is
markedly edematous and there are multifocal
fibrin  thrombi with overlying mucosal
necrosis. Within areas of necrosis there are
numerous vessels occluded with amorphous,
smudgy, eosinophilic deposition (fibrin
thrombi) in the lamina propria and the tips of
the villi are hypereosinophilic with necrosis
and cellular debris. Also within affected
areas there are multiple colonies of bacilli.
The tissue is inflamed with mixed degenerate
inflammatory cells and the base of the
mucosa is expanded by plump fibroblasts
(proliferative fibroplasia) and numerous
small vessels lined by plump endothelium
(reactive vasculature).

Contributor’s Morphologic Diagnoses:
Small intestine: Severe multifocal transmural
necrohemorrhagic enteritis  with  fibrin
thrombi and bacilli consistent with clostridia

Intestine, foal: There is diffuse coagulative necrosis of the mucosa (top). There is a line of cellular debris immediately
subjacent to the muscularis mucosae. The submucosa is multifocally diffusely expanded by edema, multifocal hemorrhage,
and clear space (emphysema). (HE, 60X)



Contributor’s Comment:  Clostridium
difficile is a gram-positive, anaerobic, spore-
forming bacillus associated with diarrhea and
(entero)colitis in  humans and other
mammals®. Colitis is most common in most
species but the small intestine is affected in
rabbits and foals®. In horses, Clostridium
difficile, has been incriminated in
hemorrhagic enteritis in foals and colitis in all
ages and foals may be affected within the first
few days of life>. The disease causes severe
acute-to-peracute enterocolitis likely due to
dysbacteriosis with clostridial overgrowth
secondary to antibiotic therapy, stress, or
dietary changes®. Although prior antibiotic
treatment and/or  hospitalization  are
significant predisposing factors in horses that
develop  C.difficile-associated  disease
(CDAD), disease may occur without prior
treatment or hospitalization?. Foals < 7 days
old without prior antibiotic therapy or
hospitalization may frequently develop
CDAD?. The primary virulence factors of C.
difficile are toxin A (TcdA) and toxin B
(TcdB) which act synergistically®.  TcdA
causes widespread damage to the mucosa
(enterotoxic) allowing TcdB to affect
epithelial cells (cytotoxic)®. TcdA enters the
epithelial cell through endocytosis by coated
pits and escapes into the cytoplasm by
acidification of the endolysosome. In the
cytoplasm, toxin inactivates Rho and other
GTPase necessary for the regulation of
cytosolic actin filaments leading to a loss of
cell-to-cell contacts, increased paracellular
permeability, and ultimately cell death®.
TcdA and TcdB also initiate the
inflammatory cascade including generation
of reactive oxygen intermediates and
elaboration of [IL-8 and macrophage
inhibitory protein 2 (MIP-2), both of which
cause influx of neutrophils leading to host
tissue damage®. TcdA also causes monocyte
production of IL-1, IL-6, IL-8, and TNFa,
and macrophage expression of COX-2
leading to release of prostaglandin E2 which
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Intestine, foal: Proprial vessels are often thrombosed;
vessels in areas of necrosis have hyalinized walls, but this
does not represent true vasculitis, but simply being in the
wrong place at the wrong time. (HE, 275X)

inhibits  sodium  chloride and water
absorption in the intestine and enterocyte
chloride secretion®. Clostridium perfringens
is also an important cause of enteric disease
but usually causes disease in more proximal
segments of the gastrointestinal tract®. In
foals, enteritis with extensive necrosis can
occur in the small intestine due to both C.
difficile and C. perfringens®. In this case the
ELISA for C. perfringens toxin was negative.
This case demonstrates classic gross and
histologic lesions of CDAD. Additional
lesions, petechiation and ecchymosis, have
been described in horses with CDAD and
have been attributed to endotoxic shock
and/or disseminated intravascular
coagulation!. The most common histologic
findings in foals with confirmed C. difficile
infection are necrotizing or necro-
hemorrhagic enteritis and submucosal
thrombosis,* which were features of this case.
Other infectious differentials for this type of
enteritis in horses includes C. perfringens
type C enterotoxemia, salmonellosis, or
ehrlichial enteritis. Culture and toxin assay
should be interpreted together because
culture sensitivity is below 100% and C.
difficile can be isolated from a small number
of healthy horses®.

Actinobacillus equuli was isolated from the
blood culture. A. equuli is a common cause




disclose the presence of robust bacilli adherent to the
necrotic remnants of the villi. (HE, 400X)

of neonatal septicemia and death, with
disease course ranging from abortion to early
neonatal death to survival for several days
with development of microabsesses in many
organs®. A. equuli can occasionally be found
as an opportunist in pathological tissue®. In
this case there were fibrin thrombi identified
in the kidney and edema of the choroid plexus
that may have been caused by septicemia by
A. equuli. The lesions in the intestine were
most significant and the positive ELISA for
C. difficile confirmed the diagnosis of
CDAD. Mucosal damage due to Clostridium
infection with subsequent A. equuli entry and
sepsis is a likely sequence of events and has
been suggested in a report of a foal with
multiple concurrent diseases including
CDAD and A. equuli®.

Contributing Institution:

Oregon State University College of
Veterinary Medicine

Department of Biomedical Sciences and
Veterinary Diagnostic Laboratory
http://vetmed.oregonstate.edu/diagnostic

JPC Diagnosis:  Small intestine: Enteritis,
necrotizing, diffuse, severe, with submucosal
hemorrhage, edema and emphysema and
numerous adherent robust bacilli.

JPC Comment: The contributor provides an
excellent review of the subcellular events
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associated with C. difficile infection in foals.
In this species, both foals and horses are
equally susceptible to infection, with
antibiotic therapy and hospitalization being
the main predisposing factors for the
development of this disease in adult horses.?
C. difficile has been the cause of disease in a
wide variety of mammalian species. First
identified from feces of clinically healthy
human babies in the 1930s, the organism was
originally named Bacillus difficilis because
of the difficulties encountered in cultivating
it. In humans, most infected people will
remain symptomatic, with the remainder
developing variable Gl signs ranging from
watery diarrhea to pseudomembranous
colitis.? As in horses, hospitalization and
antibiotic administration is a predisposing
factor. Most C. difficile-positive infants,
however, lack clinical signs, possibly due to
lacking receptors for the toxin.

In humans, C. difficile associated disease
(CDAD) was always assumed to affect
individuals of any age, except during the
neonatal period as it was thought that this
specific group may lack specific C. difficile
toxin receptors. Although between 25 and
70% of human neonates are colonized with
C. difficile, these microorganisms have been
largely considered part of the commensal
microbiota. Recently, however, two 9 or 18

-

o 45
Intestine, foal: Gram-positive bacilli are adherent to the
necrotic remnants of the villi. (Brown-Hopps, 400X)



month-old children were diagnosed with
CDAD, providing evidence that C. difficile is
a potential cause of bloody diarrhea in
neonates and young infants. In most animal
species, CDAD is not age-dependent. The
exception to this are pigs, which are almost
exclusively affected during the neonatal
period, up to approximately one week of
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age.

C. (difficile-associated disease (CDAD)
affects a wide range of other mammals —
while always resulting in enterocolitis, its
manifestation varies widely with the affected
species. Table 1 summarizes the severity of
disease in various species by enteron
segment.

Table 1. Summary of lesion distribution by species.

Summary of Lesion Distribution by Species

Duodenum Jejunum

80,130

Humans

(b:]

Hamsters"™ "

lleum Cecum Ascending Descending
Colon Colon
[

Guinea Pigs”
Rabbits'"”
Adult horses™""*

Juvenile horses™”

Neonatal pigs"

1

i

Fig. 1. Summary of the species-dependent distribution of intestinal lesions induced by Clostridium difficile. The
thickness of the bars represents the severity of lesions typically seen in an infected individual of a given species at
a particular site. The figure lists only those species for which the distribution of spontaneous lesions of Clostridium

difficile—associated disease (CDAD) is well documented.

In rodents, CDAD is primarily cecal,
resulting in ulcerative and rarely proliferative
typhlitis and death. In pigs, the disease
results in ulcerative typhitis or colitis with
development of *“volcano ulcers”.  An
additional gross finding of mesocolonic
edema (as well as diarrhea) makes CDAD a
differential diagnosis for edema disease in
swine.? The difference is that C. difficle
infections occurs in young piglets (1-7 days
of age), while edema disease is a disease of
weanling age pigs. In rabbits, the lesion is

primarily seen in the small intestine and
concentrated in the ileum, often following
antibiotic administration. It has also been
reported sporadically in dogs, cats, ostriches,
prairie dogs, and experimentally in non-
human primates.®

Diagnosis of CDAD is usually based on a
combination of clinical history, often with
previous antibiotic  administration or
hospitalization, characteristic microscopic
lesions in appropriate segments of the
enteron, and most importantly, ELISA testing



of feces and/or intestinal for C. difficile-
specific TcdA of TcdB toxins. Culture is
useful because the carrier rate in horses is
low, but care should be taken as: a) a few
healthy horses (usually up to 5% although
there is great variation in the literature) can
be carriers of C. difficile, and b) occasionally
non-toxigenic strains may be present in the
intestine of horses, so any isolate should
ideally be typed by PCR to confirm the
presence of the genes encoding the major
toxins of this microorganism. The latter is not
routinely done in most veterinary diagnostic
laboratories. Gross lesions, and to a lesser
extent microscopic lesions are non-specific
as to etiology, and in the horse, may resemble
those of other diseases such as C. perfringens
type C, salmonellosis, Potomac horse fever,
and NSAID toxicity.>

In reviewing the slide, the moderator
commented on the presence of numerous
bacilli lining the necrotic villi as a relatively
non-specific finding that should NOT be
interpreted as evidence of clostridial
infection, unless an appropriate
immunohistochemical stain discloses that
they are all of the same etiology. Many
bacilli (and not just clostridia) will adhere to
denuded mucosa. In addition, The moderator
also pointed out that the presence of fibrin
thrombi in the submucosa as evidence that
the changes in the mucosa are truly
antemortem and not simple autolysis.

References:

1. Diab SS, Rodriguez-Bertos A, Uzal
FA: Pathology and diagnostic criteria
of Clostridium difficile enteric
infection in horses. Vet Pathol
2013:50(6):1028-1036.

2. Diab SS, Songer G, Uzal FA:
Clostridium difficile infection in
horses: a review. Vet Microbiol
2013:167(1-2):42-49.

195

3. Keel MK, Songer JG: The
comparative pathology of
Clostridium difficile-associated
disease. Vet Pathol 2006:43(3):225-
240.

4, Lohr CV, Polster U, Kuhnert P,
Karger A, Rurangirwa FR, Teifke JP:
Mesenteric lymphangitis and sepsis
due to RTX toxin-producing
Actinobacillus spp in 2 foals with
hypothyroidism-dysmaturity
syndrome. Vet Pathol
2012:49(4):592-601.

5. Maxie MG: Jubb, Kennedy, and
Palmer's Pathology of Domestic
Animals 5th ed. Philadelphia:
Elsevier Limited; 2007.

6. Uzal FA, Navarro MA, Li J,
Freedman JC, Shrestha A, McCline
BA. Comparative pathogenesis of
enteric  clostridial infections in
humans and animals.  Anaerobe
2018; 53:11-20.

CASE I1: H150787-83 (JPC 4085384-00).

Signalment: Dog (Canis lupus familiaris),
intact female, 5-year-old, Chihuahua

History: The dog developed acute diarrhea
and died suddenly. The dog was already dead
at arrival to our teaching hospital and no
further clinical investigations could be
performed. The owner suspected intoxication
and asked for a necropsy.

Gross Pathology: This dog was in good body
condition but showed marked dehydration.
The stomach contained two plastic fragments
and the mucosa was brown to green. A thick
viscous content was in the small intestine



Colon, dog: A cross section of colon is submitted for
evaluation. There is diffuse pallor (indicating necrosis)
of the superficial mucosa and scattered hemorrhage. (H/E
and Saffron, 6X).

associated with a diffuse and moderately
congested mucosa.

The cecum, colon and rectum were
moderately thickened with a severely and
diffusely congested mucosa. The content was
scant, hemorrhagic and thick.

A concentric hypertrophy of the left
ventricle, a moderate distal tracheal collapse,
a discrete mesenteric lymph node hyper-
trophy and a mild meningeal congestion were
also noted. All other organs and tissue were
within normal gross limits.

Laboratory results: None given.

Microscopic Description: Colon: There is
diffuse necrosis of the superficial mucosa,
characterized by superficial mucosal
hypereosinophilia with loss of cellular
borders, pyknotic nuclei and loss of the
mucosal epithelial lining. On the mucosal
surface, admixed with necrotic debris, there
are  numerous 1l-um-long rod-shaped
bacteria. The lamina propria and the
submucosa present moderate to marked
hyperemia and hemorrhage, and moderate
infiltration by lymphocytes, plasma cells and
degenerated neutrophils. There is multifocal
thrombosis of small-sized blood vessels in
the mucosa and submucosa.A Gram stain
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revealed numerous positive rods attached to
the necrotic mucosal surface.

Contributor’s Morphologic Diagnoses:
Colon: Colitis, necrotizing and hemorrhagic,
acute, diffuse, severe, with mucosal and
submucosal  vascular  thrombosis and
numerous gram-positive rod-shaped bacteria
(consistent with Clostridium sp.) on to the
mucosal surface

Name of the disease: Canine Hemorrhagic
Gastroenteritis

Etiology: Clostridium perfringens type A
(putative)

Contributor’s Comment: Canine
Hemorrhagic Gastroenteritis (CHG) is a
sporadic, peracute, hemorrhagic gastro-
enteritis of dogs. The etiology is not always
identified, but Clostridium perfringens type
A can been identified in some cases. A
predilection for small breeds is described.®

Clostridium perfringens type A is responsible
for mild and self-limiting diarrhea to fatal
acute necrotizing and hemorrhagic enteritis

Colon, dog. The mucosa shows superficial necrosis and
hemorrhage. (H/E/Saffron, 200X) (Photo courtesy of:
Unité d’Histologie, d’Embryologie et d’Anatomie
pathologique, Département des Sciences Biologiques et
Pharmaceutiques, Ecole Nationale Vétérinaire d’Alfort,
FRANCE: www.vet-alfort.fr


http://www.vet-alfort.fr/

in dogs and cats. It is also known to cause
food poisoning in humans, necrotic enteritis
in chickens, enterocolitis in horses and
neonatal piglets, and enterotoxemia and
hemorrhagic enteritis in lambs and calves.®

Clostridium perfringens is a gram-positive
obligate anaerobic, spore-forming bacteria. It
is part of the normal microbiota of human and
animals, and a common enteric pathogen. It
is separated into 5 types (A through E) based
on the production of a, B, & and I toxins.
Other important toxins, such as B2 and
enterotoxin (CPE) may be produced by any
of the five types, but the production of CPE
is most commonly associated with type A
strains.!

Clostridium perfringens type A major toxin
is alpha toxin. Enterotoxin and 2 toxin may
be produced by some strains. The bacteria
require an anaerobic environment to
sporulate and produce enterotoxin.!!

CPE is a cytotoxic enterotoxin only
elaborated during sporulation. It causes tissue
damage and fluid secretion by binding to
intestinal epithelial cells, forming pores in the
plasma membrane that initiate cell death
signaling pathway, and inducing structural
damage to intercellular tight junctions
resulting in increased epithelial
permeability.* However, the pathogenesis
remains poorly understood because CPE can
be demonstrated in the feces without
sporulation and in the feces of healthy dogs.°

In 2015, three novel putative toxin genes
encoding proteins related to the pore-forming
Leukocidin/Hemolysin  Superfamily were
identified, and named netE, netF, and netG.
Only netF was associated with cytotoxicity.
There was a highly significant association
between the presence of netF with type A
strains isolated from cases of canine acute
hemorrhagic gastroenteritis.*
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the mucosal surface. (H/E/Saffron, 1000X) (Photo
courtesy of:  Unité d’Histologie, d’Embryologie et
d’Anatomie pathologique, Département des Sciences
Biologiques et Pharmaceutiques, Ecole Nationale
Vétérinaire d’Alfort, FRANCE: www.vet-alfort.fr

Three predisposing factors for CHG are
described: enteric infection by another
pathogen (such as canine parvovirus),
antibiotic administration, and disruption of
the normal microbiota (for example by a
sudden change to a high protein diet). Dogs
present with hemorrhagic diarrhea. In the
acute form, dogs are often found dead lying
in a pool of blood excreta. Gross lesions
consist of necrotizing and hemorrhagic
enterocolitis, and sometimes gastritis.
Lesions in the colon tend to be more severe,
as so well demonstrated in this case.

The histologic lesions consist of mural
hemorrhagic necrosis of the gastrointestinal
mucosa. Necrotic mucosal surface is lined by
many gram-positive bacilli in association
with fibrin and debris. The bacilli do not
invade the lamina propria and can also be
found within necrotic debris.°

Definitive diagnosis of CHG due to CI.
perfringens type A is not an easy task and
cannot be based on macroscopic and
microscopic lesions only. It requires
combined testing for the CPE gene by PCR
and for the CI. perfringens enterotoxin by
fecal enzyme-linked immunosorbent assay,


http://www.vet-alfort.fr/
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Colon, dog. The bacteria are gram-positive. (Gram,
1000X)(Photo  courtesy  of: Unité  d’Histologie,
d’Embryologie et d’Anatomie pathologique, Département
des Sciences Biologiques et Pharmaceutiques, Ecole
Nationale Vétérinaire d’Alfort, FRANCE: www.vet-
alfort.fr

and  exclusion of other potential
enteropathogens.'>*31 In our case, such
investigations could not be performed.
However, the finding of an acute, fatal,
necrotizing and hemorrhagic enterocolitis in
a small-breed dog associated with numerous
gram-positive bacilli is highly suggestive of
CHG due to Cl. perfringens type A.

Contributing Institution:

Unité  d’Histologie, d’Embryologie et
d’Anatomie pathologique, Département des
Sciences Biologiques et Pharmaceutiques,
Ecole Nationale Vétérinaire d’Alfort,
FRANCE : www.vet-alfort.fr

JPC Diagnosis: Colon:  Caolitis,
necrohemorrhagic, diffuse, moderate, with
thrombosis  of  submucosal  vessels.

JPC Comment: The contributor provides
an excellent review of this condition, which
is well known to practitioners, but may be
less well-known to veterinary pathologists.
While the histologic lesion in this case is
consistent with that seen in reported cases of
acute canine hemorrhagic diarrhea syndrome
(AHDS - a new and likely temporary name

198

for this condition), the inability to either
culture the pathogen or perform toxin
identification is somewhat problematic in
terms of a definitive identification of the
etiologic agent. Mostly problematic is that
the etiology remains unknown. C. difficile is
identified in an equal or increased number of
cases of hemorrhagic enteritis in dogs with
similar predisposing factors to AHDS
(previous antibiotic therapy, concurrent
intestinal pathogens, and rapid dietary
change.)® However, C. difficile is found in
similar prevalence in healthy dogs and its role
in enteric canine disease  remains
undetermined.?

Since the submission of this case to the WSC,
a review of lesions in endoscopic biopsies
obtained from dogs with acute hemorrhagic
diarrhea syndrome (a name chosen to reflect
the lack of gastric lesions in affected animals)
has been published.® In endoscopic biopsies
taken from 10 dogs with clinical AHDS, 9/10
demonstrate acute lesions of necrosis and
neutrophilic infiltrate within the duodenum,
7/8 in the ileum, and 9/9 in the colon. Robust
bacilli were identified in 5/6 duodenal
samples, 5/8 ileal samples, and 7/9 colon
samples.

C. perfringens type A was recently reported
as a cause of necrotizing myositis in a
German Shepherd Dog.'? A large mass of
crepitant necrotic muscle developed on the
right hindlimb over a period of 72 hours
which necessitated radical surgical excision,
drainage, and prolonged antibiotics; the
animal survived. Multiplex PCR identified
the agent in initial aspirates as Clostridium
perfringens type A with a cpA toxin.? C.
perfringens type A is, beyond any doubt,
responsible for human gas gangrene; alpha
toxin is the main virulence factor of this type
involved in gas gangrene. >4

NetF is a novel toxin produced by some
strains of C. perfringens type A. While
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preliminary evidence indicate that there
seems to be a higher prevalence of NetF+
strains in dogs with AHDS than in healthy
dogs?#, final proof of the role of this toxin in
this or other enteric conditions is lacking.

Upon review of the slide, the moderator
discussed parameters which might be used in
determining the presence of inflammation
within the lamina propria versus a normal
inflammatory population.  While various
criteria exist, but the separation of crypts and
or lifting of crypts off of the muscularis
mucosa by more than 3 layers of
inflammatory cells suggests the presence of a
true inflammatory infiltrate within the lamina
propria.

Attendees discussed the possibility of
parvoviral in this case based on morphologic
finding, but the group consensus is that this
differential diagnosis is not morphologically
supported by the lack of profound crypt
necrosis, necrosis of superficial mucosa and
sparing of lymphoid tissue.

An  immunohistochemical  stain  was
performed for Clostridium perfringens type
A at the San Bernardino lab of the California
Animal Health and Food Safety system, and
only a small percentage of the mucosal-
adherent bacilli stained positively. The role
of C. perfringens type A in enterocolitis
and/or enterotoxemia of mammalian species
is controversial and poorly supported by
scientific evidence.’® The fact that C.
perfringens type A has been identified in
some cases (most cases actually) does not
support a causal role in the disease, as this
microorganism may be isolated from a large
percentage of normal animals as well. One
possible exception to the relationship
between C. perfringens type A is perhaps
yellow lamb disease.”® The contributor’s
assertion that combined testing for the CPE
gene by PCR and for the CI. perfringens
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Colon, dog: In areas of necrosis, numerous robust bacilli
are adherent to the devitalized mucosa. Numerous (but
certainly not all) of these bacilli stain immunopositively
for a stain for C. perfringens (which does not differentiate
for toxinotype). (pan-C. perfringens, 400X)(Photo
courtesy of: California Animal Health and Food Safety
Laboratory, San Bernardino Branch.)

enterotoxin by  fecal enzyme-linked
immunosorbent assay would be helpful in
this diagnosis is problematic as well in light
of recent developments in the field as the
production of C. perfringens enterotoxin is
now restricted only to C. perfringens type F
in humans, a common cause of food
poisoning which has not be identified in
animals.1°

The consensus diagnosis of the attendees in
this particular case is that, without any other
submitted diagnostics, the etiology of this
particular case remains in question.
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CASE 111: H17-1982 (JPC 4105936-00).

Signalment: 16 day-old Holstein-Friesian
male (Bos taurus).

History: The calf became acutely dull and
lethargic, with subnormal body temperature,
despite being placed under a heating lamp.
The animal did not feed and died overnight.

Gross Pathology: The calf was in reasonable
body condition. Bilaterally, sunken eyeballs
within sockets. Abundant serofibrinous fluid
in abdominal cavity with fibrin adherent to a
large (4 cm diameter) non-penetrating serosal
tear along the greater curvature of the
abomasum. Within the abomasum, the
mucosa was diffusely congested, with two
large (approximately 5 cm diameter) areas of
ulceration. Diffusely, there was marked
thickening, edema and emphysema of the
abomasal folds.

Abomasum, calf. The submucosa is markedly expanded
by edema, hemorrhage, and emphysema with multiple
areas of mucosal ulceration. (Photo courtesy of: UCD
School of Veterinary Medicine, University College
Dublin, Belfield, Dublin 4, Ireland,
http://www.ucd.ie/vetmed/)
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Laboratory results:

Abomasal tissue Clostridium sordellii FAT —
negative

Abomasal tissue Clostridium septicum FAT
— negative

Microscopic  Description:  Abomasum:
There are marked multifocal areas of
degeneration, necrosis and loss of the
glandular mucosa and gastric pits. Necrotic
areas contain amorphous eosinophilic
cellular debris, basophilic karyorrhectic
debris and are infiltrated by large numbers of

Abomasum, calf. Subgross examination details the extent
of the emphysema within the submucosa and areas of
mucosal necrosis. (HE, 5X)

viable and degenerate neutrophils and some
macrophages. Occasionally both within and
overlying necrotic areas there are tetrad
packets of basophilic cuboidal 2-3 um
bacteria (Sarcina spp.). Diffusely, the
abomasal leaves are thickened with severe
submucosal expansion by large (up to 6mm)
multifocal-coalescing clear spaces
(emphysema), abundant finely fibrillar
eosinophilic mesh (fibrinous exudate) and
dilated lymphatics. There is marked
submucosal infiltration of  numerous
neutrophils. The neutrophilic infiltrate and
fibrinous oedema obscures the muscularis
mucosa and extends through the submucosa,
muscularis externa and serosa. The external
serosa is covered by a thick mat of fibrin and
neutrophils.
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Contributor’s Morphologic Diagnoses:
Abomasum:  Severe, acute, diffuse,
necrosuppurative  and  emphysematous
abomasitis with Sarcina spp.

Etiology: Sarcina spp. (putative)

Contributor’s Comment: The association
of Sarcina spp. with fatal emphysematous
abomasitis, abomasal bloat and abomasal
ulceration in both young calves and lambs
has been reported.>® The current case
demonstrates a number of typical features;
submucosal emphysematous bullae,
fibrinous exudate, neutrophilic infiltrates,
foci of mucosal necrosis and the
characteristic colonies of Sarcina spp.
bacteria>®. Sarcina spp. are gram-positive
anaerobic coccl, are carbohydrate fermenters
and can grow in an acid environment (as low
as pH 1.0). They have a characteristic
microscopic  morphology: basophilic,
cuboidal bacteria with flattened walls
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occurring in tetrad packets. They are not
invasive and are typically found along the
mucosal surface.! The main products of
Sarcina carbohydrate fermentation are
ethanol, acetaldehyde, carbon dioxide and
hydrogen. In human gastritis associated with
Sarcina ventriculi, it is postulated that the
mucosal damage is the result of alcohol
production, as the lesions are reminiscent of
acute alcohol poisoning®. In animals it is
postulated that production of large volumes
of carbon dioxide induce abomasal bloat and
emphysema? with the distension in turn
inducing ulceration, edema and
haemorrhage®. Sarcina spp. are present in the
soil and environment. When ingested by pre-
ruminant calves the milk diet provides a rich
fermentative substrate, and the low pH

Abomasum, calf. Area of full-thickness mucosal necrosis overlying an emphysematous submucosa infiltrated by large
numbers of neutrophils enmeshed in edema and polymerized fibrin. (HE, 69X)
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environment favoured by the bacteria,
enabling them to outgrow the commensal
abomasal flora and cause gas accumulation.
Although Sarcina spp. are difficult to culture
under routine conditions, their histological
features are quite
characteristic/pathognomonic.

Contributing Institution:

UCD School of Veterinary Medicine,
University College Dublin, Belfield, Dublin
4, Ireland

http://www.ucd.ie/vetmed/

JPC Diagnosis: Abomasum: Abomasitis,
necrotizing and neutrophilic, transmural,
diffuse, severe, with marked submucosal
emphysema and edema, and numerous
bacterial tetrads and colonies of bacilli.

JPC Comment:  Sarcina ventriculi is an
interesting presumptive pathogen of young
ruminants, and occasionally in humans.
Since its original association with abomasal
bloat in goat kids and lambs in the 1990s, it
has been incriminated as a cause of various
syndromes of abomasal bloat, tympany, and
necrotizing abomasitis. It is a relatively
fastidious anaerobe and notoriously difficult
to culture, rendering inoculation studies
difficult at best, and the additional
observation that it may be found in the
stomachs of healthy as well as diseased
animals has led to great consternation for
pathologist trying to add it to the established
pathogens  Clostridium  septicum  and
Clostridum perfringens type A in the
development of braxy or braxy-like
syndromes in young ruminants. The
concurrent  identification  of  various
clostridial species, notably C. sordelli, in
affected animals has further clouded the
diagnostic picture®; hence, the role of this
microorganism in abomasitis of calves has,
however, not been definitely demonstrated

203

s Wiy

“ : [
N
v e T
; ’3-:? ":'r_ - s
..-",’ .". :-,g PR
f < - i t P
\ - e Y
S5 = e
9 r )
-~ o Rt - |
S L ¥ N gt %]
W ,‘51 o _(‘ . 2 St
Ve ‘. o ool A
Sl L W
i = 2
; W X P
-
J P

LS 3 »
¥ N G A

Abomasum, calf: In areas of necrosis, bacterial tetrads
consistent with S. ventriculi are present among cellular
debris and colonies of bacilli. (HE, 200X).

and it is possible that Sarcina is part of a
multifactorial etiology.3*

To complicate the etiology of the lesion in
this individual even more, several rods
identified in the lumen of this abomasum
were immunopositive for C. perfringens IHC
at the San Bernardino laboratory of the
California Animal Health and Food Safety
System.

In humans, S. ventriculi was first identified as
a gastric pathogen by Dr. John Goodsir in
1842, while only 19 cases of gastritis due to
S. ventriculi infection have been confirmed
since, with more than half of these cases
occurring in patients with a history of
previous gastric surgery resulting in outflow
impairment. The term “sarcinous vomiting”
referring to a characteristic *obstinate,
frothy” vomit has been described in these
patients as well as others with chronic
gastritis.

Sarcina is a genus of three species of gram-
positive coccobacteria in the family
Clostridiaceae which are known commensals
of human skin and Gl tract, and synthesize
microbial cellulose. It derives its name from
“sarcina” from the Latin meaning a pack or
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Abomasum, calf: In areas of necrosis, numerous robust
bacilli are adherent to the devitalized mucosa. Numerous
(but certainly not all) of these bacilli stain
immunopositively for a stain for C. perfingens (which
does not differentiate for toxinotype). (pan-C. perfringens,
400X)(Photo courtesy of: California Animal Health and
Food Safety Laboratory, San Bernardino Branch.)

bundle (similar to that worn by Roman
legionaries). The bacteria grow in two
planes, resulting in characteristic tetrads,
with cell wall compression against adjacent
bacilli giving them a cuboidal appearance. (A
similar tetrad appearance may also be seen
with the much smaller Micrococcus.)
Interestingly, they are purportedly refractile
(not demonstrated in this slide), mimicking
plant material. *

Sarcina sp. are naturally present in the soil
and is likely ingested with feedstuffs.
Sarcina sp.
possess an  exclusive  carbohydrate
fermentative metabolism, producing ethanol,
acetaldehyde, carbon dioxide and hydrogen.
Theories of pathogenesis include the
production of large amounts of carbon
dioxide resulting in bloat and emphysema,
with production of ethanol and acetaldehyde
resulting in mucosal necrosis. Abomasal
tympany may additionally result in secondary
damage to the overstretched mucosa.?
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CASE 1V: 13101599 (JPC 4048573-00).

Signalment: 13-month-old, intact male,
Angus, Bos taurus, bovine

History: Two, 13-month-old, Angus bulls
from the same farm presented for acute,
voluminous, red, watery diarrhea. The
diarrhea was noticed by the owner while
animals were being gathered into the barn for
a routine testing procedure. Both bulls were
in excellent body condition (body condition
score of 5/9) and one of the two was said to
be the owners fastest grower. Both bulls were
routinely vaccinated and dewormed. One of
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Colon, ox. There was extensive blood and a large clot
within the lumen. (Photo courtesy of: Department of
Veterinary Pathobiology, Center for Veterinary Health
Sciences, Oklahoma State University,
www.cvm.okstate.edu)

the bulls died while in transit to Oklahoma
State University and a necropsy was
performed at the Oklahoma Animal Disease
Diagnostic Laboratory. Multiple diagnostic
tests were performed on the other bull and the
only significant finding on rectal examination
was frank blood within the colon and a CBC
measuring a PCV of 19%. This bull fully
recovered with symptomatic care.

Gross Pathology: On gross examination, the
bull was in excellent body condition.
Approximately 7cm proximal to the spiral
colon, there was an abrupt change in the
intestinal content from normal to watery dark
red fluid containing blood clots. This
continued throughout the remainder of the
spiral and descending colon. Segmentally
(30 cm), the distal colonic mucosa had a mild
cobblestone appearance with innumerable
pinpoint to coalescing petechiae and
ecchymosis and approximately four 0.5 x 0.2
cm, elliptical, shallow mucosal ulcers.
Otherwise, the colonic mucosa outside of this
segment was within normal limits.
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Laboratory results:

Fluorescent antibody (FA) staining for
coronaviral antigens was conspicuously
positive in the colonic mucosal sections.
Immunostains (IHC) were also strongly
positive (13101599 BCoV IHC). Positive and
negative controls for both FA and IHC stains
behaved as expected.

Bacterial culture of distal colon, spiral colon,
and feces yielded large numbers of growth of
E. coli and Streptococcus bovis. A
Clostridium perfringens Type A was also
isolated, but was determined opportunistic
with little contributory role to death.

Fecal floatation was negative for parasites,
including coccidia.

Microscopic Description: Histologically,
colonic sections exhibited multifocal loss of
colonic glands with scattered remnant glands
present in an uneven distribution. The
remnant glandular epithelium was either
hyperplastic or was exhibiting features of
degeneration and necrosis with occasional
sloughing of necrotic epithelial cells into the
glandular lumen. The hyperplastic epithelium
exhibited re-epithelialization of expansive

=

Colon, ox. A section of colon is presented for
examination — there are no obvious lesions at subgross
examination. (HE, 5X)
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sections of the surface mucosa. In most
regions, goblet cells were absent. The lamina
propria had a moderate infiltrate of
lymphocytes and plasma cells. Multifocally,
hemorrhage was present within the lamina
propria.

Contributor’s Morphologic Diagnoses:
Large intestine, distal colon: Ulcerative
colitis, lymphoplasmacytic and hemorrhagic
with multifocal colonic epithelial necrosis
and colonic gland collapse, severe

Contributor’s Comment: Coronavirus has
been implemented in causing three diseases
in cattle: neonatal diarrhea in calves (between
1 day and 30 months old, with diarrhea most
common at 1 to 2 weeks of age), respiratory
disease in a wide age range of calves
(between 2 and 19 weeks of age), and winter
dysentery, which affects adult dairy and beef
cattle.!

J
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Genus Coronavirus is found in the family
Coronaviridae within the genus Torovirus.
They have a single-stranded, positive sense,
RNA genome, are pleomorphic and vary in
size from 70 to 200 nm in diameter.? They
contain four major structural proteins: the
nucleocapsid protein N, the integral
membrane glycoprotein M, the spike
glycoprotein S, and the hemagglutinin-
esterase glycoprotein HE. N protein is
associated with the genome to form the
nucleocapsid. M glycoproteins are found
within the virus envelope. S and HE
glycoprotein receptors are used in attachment
of the virus to the target cell membrane.!

The exact cause of winter dysentery has not
yet been determined; however mounting
scientific evidence strongly suggests the
etiologic agent to be coronavirus. Winter
dysentery has been described in cattle
worldwide, and in the United States, is more
common in the northern states.>® Typically,
this disease occurs in cattle during the cooler
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Colon, ox. There is marked necrosis and loss of glands with numerous crypt abscesses (arrows).
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winter months and is associated with multiple
environmental risk factors, including low
drop in atmospheric temperature, close
confinement, poor ventilation, and using
manure handling equipment to handle feed.?
Viral transmission is by respiratory or oral
routes.

Winter dysentery is a sporadic, acute,
contagious, hemorrhagic enterocolitis that
predominately affects adult dairy cows, and
infrequently adult beef cattle. Clinical signs
include dark brown, hemorrhagic, watery,
and commonly profuse diarrhea, often with
concurrent  anorexia, depression, and
dehydration. The disease typically has a high
morbidity (50-100%) and low mortality (1-
2%). Significant economic losses are
associated with this disease, especially
regarding milk drops in lactating dairy cows.®
The length of acute disease is brief, often
with spontaneous recovery within a few days.
Persistent diarrhea can lead to dehydration,
with secondary polydipsia and reduced
ruminal motility. Rarely, hemorrhage from
the large colon leads to acute, severe anemia
and death?, as seen in this case.

Differential diagnoses for adult cattle with
acute, profuse, watery, diarrhea include
BVDV, coccidiosis, and salmonellosis.
Diagnosis of winter dysentery requires
physical examination and exclusion of the
above causes of acute and contagious
diarrhea in cattle. Diagnostic tests include
PCR, virus isolation, or IHC on ear notch to
rule out BVDV, fecal floatation to rule out
coccidiosis, and fecal bacterial culture to rule
out salmonellosis. At necropsy, spiral colon
is the ideal sample for virus detection because
the virus persists for the longest time here
after oral infection.® Immunohistochemistry
was used in this case to detect BCoV antigen
in positively staining crypts within the
colonic mucosal epithelium.
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Coronavirus has a tropism for respiratory and
intestinal epithelium.* Coronavirus
implicated in winter dysentery causes lesions
comparable to neonatal calves with
coronaviral diarrhea. In winter dysentery,
epithelial cells of colonic crypts are
destroyed by virus, leading to degeneration
and necrosis of crypt epithelium. Sloughing
of damaged and necrotic epithelium can be
seen grossly as massive quantities of frank,
often clotted, blood within the spiral and
distal colon. Viral particles leave the cell by
exocytosis at the apical or lateral cell surface,
or by lysis of the cell.>® As in this case,
marked  mucosal atrophy and re-
epithelialization can also be seen. In addition,
fine streaks of hemorrhage were noted along
the edges of the mucosal folds in the distal
colon. 23

The diarrhea that occurs in winter dysentery
is a malabsorptive diarrhea and death in this
case was most likely due to severe, acute
anemia from profound colonic hemorrhages.

Contributing Institution:
Department of Veterinary Pathobiology
Center for Veterinary Health Sciences
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Colon, ox. Immunohistochemistry for bovine coronavirus
showing variably intense positive staining for epithelial
intracytoplasmic viral antigen (arrows). BCV, HRP
method, counterstained with hematoxylin. Bar = 100um.
(Photo courtesy of: Department of Veterinary
Pathobiology, Center for Veterinary Health Sciences,
Oklahoma State University, www.cvm.okstate.edu)
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JPC Diagnosis: Colon: Colitis,
necroulcerative and hemorrhagic, diffuse,
severe with marked loss of glands and
multifocal crypt abscessation.

JPC Comment: The contributors provide
an excellent review of this case, and
subsequent to its submission for the
Wednesday Slide Conference, published this
is a case report including three additional
cases, from which further details are now
publicly available. In2012-2013, four calves
from two herds died of acute necro-
hemorrhagic colitis. Colonic tissue from all
calves were positive by fluorescent antibody
and IHC for BoCV. The virus was isolated,
and the genomic information from a variable
region of the Spike gene revealed BoCV
clade 2 in all cases, which had been
previously seen as a respiratory infection in
postweaned beef calves. (To date, 4 separate
clades of BoCV have been isolated.)

Coronaviruses are well known as pathogens
of both the digestive system (dog, swine,
mice, rats) as well as the respiratory system
(humans, cattle, rats). In the early 2000s,
SARS-CoVs was discovered in civet cats,
raccoon dogs, and bats) that were associated
with both respiratory and enteric infections,
and were subsequently identified in humans,
camelids, and a wide variety of species.
BoCV in itself is a pneumoenteric virus
infecting both the wupper and lower
respiratory tract in respiratory infections.

BoCV is ubiquitous worldwide based on
antibody seroprevalence data In a study of
2311 calves with diarrhea in Tulare, CA,
30.5% were positive for BCV; the age range
of affected animals was 1-30 days with an
average of 10.4 days.! BoCV is also
commonly incriminated as one of the inciting
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agents in the bovine respiratory disease
complex in feedlot cattle with some studies
identifying the virus through the use of RT-
PCR testing in up to 96% of feedlot cattle. A
number of wild species may serve as wildlife
reservoirs for BoCV, including white-tailed
deer, Sambar deer, elk, waterbuck, and
giraffes; isolates from each of these species
share amino acid sequences with over 99%
homology to BoCV. Dogs have also been
implicated as a potential reservoir for a
coronavirus which may potentially infect
ruminants.

In 2-6 month old calves, respiratory
infections are associated with coughing,
rhinitis, and pneumonia, which may or may
not be accompanied by enteric signs; fecal
shedding of the virus is commonly
documented. It has been proposed by
researchers following the time course of
pneumoenteric infections that following
clinical upper respiratory infection, large
amounts of the virus, coated in mucus, may
be swallowed, facilitating infection of the
intestinal epithelium. A number of intra-
nasal modified live vaccines designed
primarily to protect against coronavirus-
associated “calf scours” have been released
on the market in the last five years.

The moderator gave the following
differentials — BoCV, BRotaV, Coccidiosis
(gross appearance, but too old an animal),
and  salmonellosis. The  moderator
commented on the age of the affected (13
months) in this case, which is consistent with
“winter dysentery” (which is another
misnomer as it may occur in hot months or in
tropical climates which do not see a cold
season as well.)’
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Self-Assessment - WSC 2018-2019Conference 9

1. Which of the following is a predisposing factor for the development of C. difficile infection in

adult horses?
a. NSAID therapy
b. Gastric ulceration

c. Antibiotic therapy

d. Conditioning for racing

2. Which of the following is the most specific indication of C. difficile toxicity in the horse?

a.

b.
C.
d

History of antibiotic administration
Bacterial culture of C. difficile from intestinal contents
ELISA test for C difficile A and B toxins in intestinal contents

Microscopic finding of numerous robust bacilli adherent to villi

3.  Which of the following biopsy sites would NOT display lesions associated with Acute

Hemorrhagic Diarrhea Syndrome in dogs?

a0 T o

Stomach
Duodenum
lleum
Colon

4. Which of the following is NOT true about Sarcina ventriculi?

a.

Inoculation studies have fulfilled Koch’s postulates about its effects in the abomasum of
young ruminants.

It is a gram-positive coccobacillus.

Its characteristic tetrad pattern is not unique.

It produces ethanol as a byproduct of energy metabolism.

5. Which of the following is true concerning winter dysentery in cattle?

a.

b.
C.
d

Large amounts of hemorrhage is found within the duodenum and jejunum.
In outbreaks, the disease has a low morbidity and high mortality.

The diarrhea is a malabsorptive in nature.

Coronaviruses are single-stranded, positive sense DNA viruses.

Please email your completed assessment to Ms. Jessica Gold at Jessica.d.gold2.ctr@mail.mil for grading. Passing score is
80%.This program(RACE program number) is approved by the AAVSB RACE to offer a total of 0.5 CE Credits, with a
maximum of 12.5 CE Credits being available to any individual Veterinary Medical Professionals for the 2017-2018
Wednesday Slide Conference. This RACE approval is for the subject matter categories of: SCIENTIFIC using the
delivery method of NON-INTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize
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CASE I: Case 1 (JPC 4006380)

Signalment: 3-year old, boxer, dog (Canis
familiaris)

History: The patient initially presented to the
internal medicine service at the University of
Glasgow with a 1 year history of protracted
colitis. An endoscopic biopsy of the colon
was taken at that time. Five weeks following
biopsy, the patient re-presented for acute
onset of blindness. The owners reported a
slight vision loss beginning roughly 1 month
prior that progressed rapidly to complete
blindness within the previous 24 hours.

On physical examination, there was subtle
ocular hyperemia. The menace responses
were absent and the PLRs very weak and
sluggish. There was mild corneal edema and
significant deep stromal vascularization in
both eyes. There was marked aqueous flare

L,, m“"'i f‘i- ] E P A-.L - o
Subretinal aspirate, dog: A good quality, moderately
cellular aspirate on a proteinaceous background is
submitted. At this magnification, degenerate neutrophils
are evident and a single rhomboidal cholesterol crystal is
present at bottom left. . (Photo courtesy of: School of
Veterinary Medicine, University of Glasgow, Garscube
Estate, Bearsden, Glasgow, G611QH, United Kingdom,
http://www.gla.ac.uk/schools/vet/) (May-Grunwalds,
100X)

and swollen irides. The right eye had a
reddish tapetal reflex with a blood tinged and
murky posterior segment with no detail


http://www.gla.ac.uk/schools/vet/

discernible. The left eye had a good tapetal
reflex but there was profound posterior
segment disturbance with thickened folds of
hyperemic and hypervascular detached retina
present throughout and the impression of a
cellular retinal infiltrate. A subretinal aspirate
was collected and submitted to Veterinary
Diagnostic Services at the University of
Glasgow for cytologic analysis and routine
cultures. Cytology smears were routinely
stained with May-Griinwalds and Giemsa.

Gross Pathology: None given.

Laboratory results: Prototheca sp. was
cultured on routine aerobic cultures. The
organism was not further speciated.

Cytologic Description:

Examined is a highly cellular smear of good
quality. There is a dense, faintly basophilic
proteinaceous background containing many
free rod-shaped melanin granules. There are
large numbers of degenerate neutrophils
admixed with low numbers macrophages and
occasional erythrocytes. Abundant
intracellular and  extracellular  algal
organisms are present, both intact and as

W T

Subretinal aspirate, dog: Individual alga (sporangia) and
clusters of deeply basophilic proliferating endospores are
present among the inflammatory cells. A single
sporangiospore at center exhibits tripartite division
characteristic of Prototheca (arrow). (Photo courtesy of:
School of Veterinary Medicine, University of Glasgow,
Garscube Estate, Bearsden, Glasgow, G611QH, United
Kingdom, http://www.gla.ac.uk/schools/vet/) (May-
Grunwalds, 200X)
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Subretinal aspirate, dog: Neutrophils contain vacuolated
cytoplasm and degeneration is characterized by
hypersegmented, hyperchromatic and mildly shrunken
nuclei. At left, a macrophage contains an engulfed alga.
Empty cyst forms are scattered throughout the image.
Rod-shaped melanin granules are present within the
proteinaceous background. (Photo courtesy of: School of
Veterinary Medicine, University of Glasgow, Garscube
Estate, Bearsden, Glasgow, G611QH, United Kingdom,
http://www.gla.ac.uk/schools/vet/) (May-Grunwalds,
400X)

ruptured empty cell casings. Algal organisms
are variably sized, 5-10 um diameter, round
to oval, have a thin, clear cell wall and have
deeply basophilic cytoplasm (consistent with
Prototheca spp.). Early endospore replication
is characterized by clusters of 3-5 endospores
with deeply magenta nuclei and internal
septation. Sporangia are 20 um in diameter,
have pale basophilic cytoplasm and contain
up to 20, magenta, 5 um diameter
sporangiospores. Occasional organisms are
seen intracellularly within the cytoplasm of
degenerate cells. Organisms are Periodic
Acid-Schiff (PAS) positive.

Contributor’s Morphologic Diagnoses:
Purulent inflammation with extracellular
algal organisms (consistent with Prototheca

spp.)

Contributor’s Comment: Prototheca spp.
are unicellular, colorless, saprophytic algae
that can be found within the environment,
particularly with standing water and sewage


http://www.gla.ac.uk/schools/vet/
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effluent.® Protothecosis is a rare disease of
people and animals that can be localized,
such as in the intestine or skin, or
disseminated, resulting in  widespread
granulomatous and/or necrotizing lesions
throughout the body.* In people, infection is
primarily within the skin or joints. ©
Protothecosis is a relatively uncommon cause
of mastitis in cattle.! In dogs, the intestine and

the eye are the most common organs affected.
25,6

Colitis is the most common presenting
complaint in dogs with protothecosis and the
clinical course is often protracted. ® Dogs can
also present with acute blindness.® The dog in
this case initially presented with colitis,
followed by acute blindness and had a
clinical presentation typical of protothecosis.
In dogs, protothecal organisms first invade
and colonize the colon, with further spread
through both lymphatics and blood vessels to
other organ systems. In this case, biopsies
from the colon in this dog revealed a marked
pyogranulomatous and ulcerative colitis.
Rare protothecal organisms were detected

Subretinal aspirate, dog: Clusters of deeply basophilic
endospores and interspersed with larger individualized
sporangia containing 2-3um eosinophilic
sporangiospores. (Photo courtesy of: School of
Veterinary Medicine, University of Glasgow, Garscube
Estate, Bearsden, Glasgow, G611QH, United Kingdom,
http://www.gla.ac.uk/schools/vet/) (May-Grunwalds,
600X)
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Subretinal aspirate, dog: Algae stain positively with a
periodic acid-Schiff preparation. (Photo courtesy of:
School of Veterinary Medicine, University of Glasgow,
Garscube Estate, Bearsden, Glasgow, G611QH, United
Kingdom, http://www.gla.ac.uk/schools/vet/) (PAS, 100X)

within the sections, confirming infection in
both the intestine and the eye. The dog
initially responded to treatment with partial
resolution of the colitis, which included
amphotericin B and itraconazole; however,
vision never returned. The dog was
eventually euthanized due to financial
constraints. Disseminated infection could not
be documented because post-mortem
examination was declined.

Protothecal organisms can be highlighted
with special stains, such as PAS and
Gomori’s Methenamine-Silver, in both
cytological and histopathology sections. !
Algal organisms of the Chlorella species can
be morphologically similar to Prototheca
spp. Chlorella spp. can be differentiated by
the often green tinge to the organisms and the
presence of PAS positive cytoplasmic
granules that are negative following amylase
digestion.! The two main species of
Prototheca known to cause infection in dogs
are P. zopfii and P. wickerhamii. Though
these species of Prototheca differ slightly
morphologically (size and number of
sporangiospores), PCR is required for
definitive differentiation.


http://www.gla.ac.uk/schools/vet/
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Differentials for suppurative or
pyogranulomatous inflammation in ocular
fluid include both bacterial and fungal
infections. ° Rarely, protozoa, such as
Toxoplasma gondii, can result in
endophthalmitis.® Any case of bacteremia has
the potential to develop bacterial endo-
phthalmitis and the list of potential agents is
extremely long.® Fungal endophthalmitis is
also typically secondary to a mycotic
septicemia.  Fungal organisms  most
commonly associated with eye infections
include Cryptococcus neoformans,
Blastomyces  dermatitidis, Histoplasma
capsulatum (particularly in cats), and, less
likely, Coccidioides immitis.® Both bacterial
and fungal infections of the eye are often
differentiated based on morphology of the
organism, including size and presence of
budding, and/or culture. Cultures can be
obtained from endoscopy samples, ocular
fluid, and/or wurine of living patients,
depending on the organ systems involved
clinically.

Contributing Institution:
School of Veterinary Medicine
University of Glasgow

Garscube Estate

Bearsden, Glasgow

G611QH, United Kingdom
http://www.gla.ac.uk/schools/vet/

JPC Diagnosis: Fine needle subretinal
aspirate:  Pyogranulomatous inflammation
with  numerous endosporulating alga.

JPC Comment:

Four species of Prototheca exist: P. zopfii,
P. wickerhamii (the two pathogenic forms),
P. stagnora, and a proposed form, P.
salmonis. They are found in abundance in
nature in animal waste, sewage, soil, food,
and flowing or standing water and have a
worldwide  distribution. Additional
ribosomal sequencing further divided P.

215

- ‘ L - ot 2 4 - ‘.
B P T s > el o P B A
%;- ST f&." %53
Tihie B dwa 0w Ul T P n el
Colon, dog: Numerous algal life stages (arrows) are
admixed with neutrophils, macrophages, lymphocytes,
and plasma cells (HE, 400X). (Photo courtesy of: School
of Veterinary Medicine, University of Glasgow, Garscube
Estate, Bearsden, Glasgow, G611QH, United Kingdom,
http://www.gla.ac.uk/schools/vet/) (PAS, 100X)

zopfii into biotypes, with P. zopfii biotype
one being present in bovine liquid manure,
biotype 2 present in many cases of bovine
mastitis, and biotype 3 isolated from swine
manure (and recently renamed P.
blaschkeae.)* A novel Prototheca (P. cutis
sp. nov) has been tentatively identified based
on ribosomal RNA sequencing of a single
human isolate.*

Despite its ubiquity, animal infections are
rare, with dogs, cats and cattle predominantly
reported in the literature. Cats are most
commonly infected cutaneously with large
firm nodules on the limbs and feet, and P.
wickerhamii is most commonly isolated.” In
cattle, P. zopfii is an uncommon cause of
pyogranulomatous lesions of the bovine
mastitis and associated lymph nodes.* In
goats, P. wickerhamii  causes ulcerative
nodules of the mucocutaneous junction of the
nasal vestibule, nostrils, and subcutis of the
face and head.*

Human infections are uncommon and usually
manifest as erythematous vesicobullous
rashes which may occasionally be crusting
and purulent. Risk factors include immune


http://www.gla.ac.uk/schools/vet/
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suppression from HIV, prolonged steroid use,
diabetes mellitus, and underlying
malignancy.? The frequency of cases
increases with age. Most human cases are the
result of infection with Prototheca
wickerhamii.  Disseminated infections,
although uncommon and usually seen only in
patients with severe immunodeficiency, and
demonstrate a mortality rate of 60% (in a
limited number of reported cases.?

A related non-photosynthetic of algae,
Helicosporidium, has recently been identified
as a specialized parasite from a variety of
dipteran, coleopteran, and lepidopteran
insects, primarily infecting larvae.®
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CASE 11: 9428-12 (JPC 4048660).

Signalment: Two-years-old, neutered, male,
domestic shorthair cat, (Felis domesticus)

History: Patient presented to emergency
clinic in lateral recumbency with oral ulcers,
mild dyspnea, hypothermia, and mild
nystagmus. Reportedly, the patient had been
anorexic. The patient died within one hour of
presentation.

Gross Pathology: Spleen was enlarged with
a roughened serosal surface. Multiple white
pinpoint foci were observed on the serosal
surface. The cut surface bulged and had a
granular appearance. Liver was swollen with
rounded margins and multiple white pinpoint
foci were present on the serosal and cut
surfaces.



Spleen, cat. At subgross, pallor (necrosis) of the white
pulp, extending into the adjacent red pulp is prominent.

Laboratory results: Neutropenia, hyper-
bilirubinemia, elevated ALT. Francisella
tularensis was isolated from the spleen and
from a lymph node sample.

Microscopic Description:

In sections of spleen, there is disseminated
and coalescing necrosis of germinal centers
which extends into adjacent red pulp. Foci of
necrosis are accompanied by an
inflammatory  response  comprised  of
neutrophils and macrophages. Scattered
thrombosed blood vessels can be seen mainly
associated with the capsule and near the
hilus. Variably sized and shaped aggregates
of homogenous eosinophilic material is
present in  many germinal centers.
Mesothelial cells on the serosa are reactive
characterized by cuboidal appearance.

Contributor’s Morphologic Diagnoses:
1. Severe, subacute, multifocal, coalescing,
necrotic, splenitis.

2. Splenic amyloidosis — germinal centers
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Contributor’s Comment:  Francisella
tularensis is a gram-negative, encapsulated,
facultative intracellular pathogen.’ F.
tularensis is subdivided into two subtypes.
Type A is F. tularensis subsp. tularensis and
has and infectious dose in humans of <10
CFU’s, whereas type B is F. tularensis subsp.
holarctica which as an infectious dose of
<10% CFU and a milder form of tularemia in
humans.’ The organism is abundant in
nature and infects many mammalian and
arthropod species.!! F. tularensis type A has
been isolated from cats on numerous
occasions and can be transmitted from cats
and other animals (deer, personal experience)
to humans. >1013

Diagnosis, in some cases may be difficult, but
culture appears to be more sensitive than
immunohistochemistry.* Gross lesions
consist of multiple pinpoint white foci on the
spleen, liver, and lymph nodes. As a
facultative intracellular parasite, it may
persist for years as a latent infection.!! The
genes for several virulence factors have been
identified and shown to share some features
with the intracellular parasite, Listeria
monocytogenes.t Tularemia in  other
mammalian species such as horses and sheep
are often associated with heavy infestation by
ticks such as Dermacenter andersoni and
Amblyoma americanum.!>  One serologic
survey indicated 12 — 24 percent of cats had
antibodies to F. tularensis due to natural
exposure.®  Those serologically positive
animals were negative for F. tularensis DNA,
indicating infection may be may have been
cleared naturally.  Tularemia should be
considered in a differential diagnosis of
unexplained febrile illness in cats.

Amyloidosis in the spleen is considered an
incidental finding in this case. Amyloidosis
of splenic germinal centers is reportedly a
rare finding in cats and particularly domestic
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Spleen cat. At higher magnification, white pulp is largely effaced by lytic necrosis extending into the surrounding red pulp.
There is abundant fibrin in the adjacent necrotic red pulp, replacing (HE, 93X)

shorthair cats.!* Generalized amyloidosis is
more common in Abyssinian cats and has
been reported in Siamese cats and wild black-
footed cats as well.°

Contributing Institution:

Veterinary Diagnostic Center, University of
Nebraska-Lincoln, Lincoln, NE.
vbms.unl.edu/nvdls

JPC Diagnosis:  Spleen, lymphoid tissue:
Necrosis, diffuse, with multifocal red pulp
necrosis, hemorrhage, fibrin, and edema.

JPC Comment: Francisella tularensis is a
global pathogen that has been classically
divided into three distinct subspecies: F.
tularensis subsp. tularensis, F. tularensis
subsp. holarctica, and F. tularensis subsp.
mediasiatica. A fourth, F. tularensis subsp.
novicida, which is non-pathogenic for
humans, was recently separated into a
separate species, F. novocida, and is

extensively used in Francisella research.’
Additional research has divided F. tularensis
into genetically distinct clades, Type A and
Type B, with the highly pathogenic type A
(F. tularensis subsp. tularensis) found in the
USA and the less virulent type B (F.
tularensis  subsp.  holarctica)  found
throughout the Northern Hemisphere.” The
first report of F. tularensis subsp. holarctica
in Australia was recently published.> Both
Type A and Type B infections of F.
tularensis subsp. tularensis have been
identified in cats.'?

The first case of Francisella tularensis-
mediated disease was recognized as a plague-
like illness in rodents during an outbreak in
Tulare County, California in 1911, and the
first human cases were described three years
later in two patients in Ohio, who had
recently had contact with wild rabbits.* In
1919, Dr. Edward Francis established that the
disease was caused by Bacterium tularensis
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Spleen, cat. Areas of necrosis contain large numbers of
small 1-2um gram-negative coccobacilli. (Brown-Hopps,
600X).

(named for the county in which the disease
was originally identified) and appended the
name “tularemia” to the disease.* The
number of cases of tularemia in the US
peaked in 1939-1940 with 2,291 documented
cases, but has decreased to a current average
of 125 cases over the last two decades.
Tularemia cases in both humans and animals
have been identified in 49 US states; with
Hawaii being the only exception.®

While the transmission of tularemia has
classically been associated with contact with
rodents and rabbits, giving rise to the
colloquialisms “rabbit fever”, “market men’s
disease”, and “meat-cutter’s disease™’, a
number of important methods of transmission
also exist: transmission by insect vectors
including ticks, biting flies, and mosquitoes,
and water-borne outbreaks.” Aerosol-born
outbreaks have accounted for some of the
largest number of cases, from a 1967
outbreak and a forming area of Sweden
involving more than 600 individuals’, as well
as a more recent outbreak in Martha’s
Vineyard, which involved 15 individuals and
1 fatality, with a common factor of lawn
mowing or brush cutting a week prior to
illness*.
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There are three basic clinical syndromes
associated with tularemia:  pneumonic
(exemplified by aerosol born disease as
previously  described), typhoidal, and
ulceroglandular. Typhoidal tularemia is the
result of entry of the bacteria into breaks in
the skin or mucous membranes, with vascular
dissemination, sepsis, and necrosis in any
involved organs (as exemplified in this case).
Approximately three quarters of tularemia
cases in the US are localized, manifested by
a tender regional lymph node a local papule
which involves to a chancriform lesion; such
cases are referred to as ulceroglandular
tularemia.’? A single case of localized
cutaneous infection resembling ulcero-
glandular disease has been reported in a cat
with localized swellings of the right
submandibular  salivary  gland  and
mandibular lymph node but lack signs of
systemic illness.°

Classic association with rodents and rabbits
is woefully inadequate to describe the
potential for transmission from infected
mammalian species. Bites, especially from
asymptomatic individuals other than cats
may transmit the disease, and human cases
have been documented from the bites of
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Spleen cat. Areas of necrosis (arrows) are surrounded by
abundant polymerized fibrin and hemorrhage. (PTAH,
100X)




dogs, coyotes, raccoon, skunks, opossums,
squirrel monkeys, tamarins, and swine.?

F. tularensis has an interesting method of
surviving macrophage ingestion. Following
internalization into phagocytic cells, the
bacilli reside in membrane-bound endosomal
compartment known as the F. tularensis-
containing vacuole (FCV) which acquires
both early-and late-lysosomal markers but
not acid hydrolase cathepsin-D, preventing
its fusion with lysosomes, and escaping the
bactericidal respiratory burst.’

Within the laboratory, F. tularensis requires
the use of a minimum standard biosafety
level Il has recommended by the American
Society for microbiology. Biosafety level IlI
facility some protocols are recommended for
handling. All suspect cultures are isolated,
experimental animal studies, and animal
autopsies.®
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CASE I111: 11136 (JPC 4066393).

Signalment: 21-year-old male Indonesian
origin cynomolgus macaque (Macaca
fascicularis).

History: Following sedation for an
experimental procedure two weeks prior to
death, this female macaque lost 6% of its
body weight. It had a 4 year history of eating
an atherogenic diet and was in obese body
condition. The day prior to death, the animal
presented with lethargy, dehydration and
hypothermia (94.4°F). Following an
unsuccessful attempt at supportive care, the
animal died and was submitted for necropsy.

N3e Y25/ |

Kidney, cynomolgus macaque. The renal cortices are
diffusely pale tan. (Photo courtesy of: Wake Forest
School of Medicine, Department of
Pathology/Comparative Medicine, Medical Center
Boulevard, Winston Salem, NC 27157-1040
http://www.wakehealth.edu/School/Comparative-
Medicine/Training-Programs/ACVP.htm
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Gross Pathology: The animal was obese
with abundant visceral and subcutaneous
adipose tissue. The kidneys were diffusely
tan. The liver was diffusely pale yellow with
a slight reticular pattern, had slightly rounded
edges, and cut sections floated in formalin.
The luminal surface of the aortic intima was
irregularly thickened by pale yellow to tan
plaques (atherosclerosis). The stomach and
small intestine contained only clear mucinous
fluid, flecked with ingesta.

Laboratory results: Blood chemistry values
acquired the day prior to death revealed
marked azotemia (BUN  107mg/dL;
creatinine 8.4mg/dL) with
hyperphosphatemia (13.60mg/dL), mildly
elevated ALP (239U/L), and moderate
hypoproteinemia  (total protein  5g/dL;
albumen 2.1g/dL).

Microscopic Description:

The renal cortical proximal tubular epithelial
cells were markedly dilated by variably-sized
clear cytoplasmic vacuoles (lipid), up to 40
microns in diameter. Tubular lumina were
often reduced by these plump cells and
occasionally  contained neutrophils or
sloughed epithelial cells. The epithelial cells
in some tubules were attenuated and widely
spaced indicative of epithelial loss. Scattered
tubules contained round lamellar basophilic
material (mineral). A few glomeruli had
thickened basement membranes and, rarely,
glomeruli were atrophic.

Contributor’s Morphologic Diagnoses:
Kidney: Vacuolar degeneration, diffuse,
marked with epithelial loss and intraluminal
mineral, renal tubular epithelium (renal
lipidosis)

Kidney: Glomerulonephritis, diffuse,
chronic, minimal
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Liver, cynomolgus macaque. The liver is diffusely pale
yellow with rounded edges. (Photo courtesy of: Wake
Forest School of Medicine, Department of
Pathology/Comparative Medicine, Medical Center
Boulevard, Winston Salem, NC 27157-1040
http://www.wakehealth.edu/School/Comparative-
Medicine/Training-Programs/ACVP.htm)

Contributor’s  Comment:  Additional
relevant microscopic  findings included
vacuolar hepatocellular degeneration
(hepatic lipidosis) and necrosis of adipose
tissue. Death was attributed to acute renal
failure due to the massive accumulation of
lipid and the associated metabolic
derangements, all consistent with fatal
fasting syndrome of obese macaques. The
necropsy findings, along with the marked
azotemia, hyperphosphatemia, advanced age,
recent stressors and obesity with rapid weight
loss are all consistent with this syndrome.®

Fatal fasting syndrome has been reported in
African green monkeys (Cercopithecus
aethiops), cynomolgus macaques (Macaca
fascicularis) and rhesus macaques (Macaca
mulatta), and shares similarities with
conditions in other species, including
hyperlipidemia in Shetland ponies, hepatic
lipidosis in cats and guinea pigs, and
pregnancy toxemia in ruminants.? Obese,
female, aged macaques are particularly
susceptible to this syndrome, which is often
precipitated by a period of anorexia, weight
loss, or stress.>>"® The pathogenesis has not
yet been fully elucidated, but a period of
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inadequate caloric intake in obese animals is
a common theme among the disease profiles
of the all the aforementioned species.
Regardless of the initiating factor, an over-
compensation of the liver results in fatty acid
mobilization beyond the body’s ability to
metabolize, resulting in a metabolic
imbalance with an inability to process the
excessive triglycerides and lipoproteins.*’

The most common associated clinical
pathology finding is renal azotemia.®
Hypertriglyceridemia is a common
associated finding among the similar
metabolic derangements across species.
Triglycerides are not considered inherently
toxic, but the products produced with
triglyceride  breakdown or failure of
esterification (non-esterified fatty acids,
ceramides, diacylglycerols) have detrimental
effects on cells.’® Lipotoxicity has been
described in a several animal models
throughout non-adipose tissues including
cardiac and skeletal myocytes, hepatocytes,
pancreatic B-cells and renal tubules.’
Lipotoxic mechanisms leading to cellular
dysfunction and injury may involve reactive
oxygen species, intra-cellular pathway
disruption, organellar damage, and lipid-
induced  apoptosis.* Renal tubular
degeneration and detachment can lead to
luminal tubule obstruction, increasing the
interstitial pressure and ultimately reducing
the glomerular filtration rate with subsequent
acute renal failure.*

The reason for the female predisposition to
this syndrome is unclear, but hyperlipidemia
in Shetland ponies is similarly gender
predisposed.® In cats with hepatic lipidosis,
males and females are equally represented.’

Contributing Institution:
Wake Forest School of Medicine
Department of
Pathology/Comparative Medicine
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Medical Center Boulevard

Winston Salem, NC 27157-1040
http://www.wakehealth.edu/School/
Comparative-Medicine/Training-
Programs/ACVP.htm

JPC Diagnosis: Kidney, proximal
convoluted tubular epithelium: Lipidosis,
diffuse, severe with mild tubular proteinosis.

JPC Comment: The contributor has done an
excellent job describing this classic
metabolic condition in the macaque.

One of the obvious morphologic
abnormalities in this section is the
disproportionate amount of lipid within the
cells of the proximal convoluted tubules. As
the proximal convoluted tubules are the site
of albumin resorption in the kidney, and free
fatty acids (FSA) are normally complexed to
albumin?, this may explain the predominance
of lipid within cells of the proximal
convoluted tubules.  Whether significant
lipid synthesis from non-lipid substrates
occurs in renal tubular epithelium and
pathways of lipid export from the kidney are
subjects of current conjecture and research.?

The link between lipidosis and kidney
disease was first suggested more than 150
years ago by Rudolph Virchow, and the
association between kidney disease and renal
lipid accumulation has been demonstrated in
the number of rodent models including mice
on high fat diets, mice and rats with leptin
deficiency, Type 1 diabetes and various
transgenic models.! Lipotoxicity is usually
accompanied by accumulation of neutral
lipids in renal tubular epithelium and other
cells as triglycerides.  Triglycerides in
themselves are non-toxic, with toxicity
deriving mainly from long-chain non-
esterified fatty acids (NEFA) and other
breakdown products such as ceramides and
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Kidney, cynomolgus macaque. A section of renal cortex
and medulla is submitted for examination. There is mild
diffuse pallor of the renal cortex. (HE, 6X)

diglycerols, and the association with NEFA-
induced mitochondrial de-energization or
persistent ATP depletion has been well-
documented in renal reperfusion injury as
well  other forms of lipid-induced
nephrotoxicity.?

Fatal fasting syndrome in macaques present
in numbers of similarities to syndromes
associated with stress, anorexia and lipidosis
of multiple organs in both the cat and the
horse. Hepatic lipidosis is a well-known
metabolic condition in cats resulting from
severe prolonged caloric and protein
restriction. Carbohydrate restriction is the
primary driver of mobilization of peripheral
fat stores and flooding of the liver with
NEFA. In the normal state, NEFA enter the
mitochondria and are converted to energy. In
excess, NEFA are either stored within the
hepatocyte, or esterified with lipoproteins
and re-secreted as VLDLs. In cats with
hepatic  lipidosis,  concurrent  protein
starvation  precludes  production  of
lipoproteins and retention of massive
amounts of triglycerides as lipid vacuoles
within the hepatocyte.

In horses, hyperlipidemia is associated with
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Kidney, cynomolgus macaque. The renal cortical
proximal tubular epithelium is diffusely vacuolated with
occasional epithelial cell attenuation and nuclear
pyknosis. Intraluminal mineral is present in some
tubules. (Photo courtesy of: Wake Forest School of
Medicine, Department of Pathology/Comparative
Medicine, Medical Center Boulevard, Winston Salem, NC
27157-1040
http://www.wakehealth.edu/School/Comparative-
Medicine/Training-Programs/ACVP.htm)

additional risk factors including breed
(ponies, donkeys, and miniature breeds),
gender (with mares accounting for between
75 and 100% of cases) and stress (more
commonly associated with late pregnancy
and early lactation). In ponies and donkeys,
hyperlipidemias usually a primary disease
process with stress and obesity appearing to
be particularly important predisposing
factors. Gross and histologic findings mirror
similar syndromes in macaques and cats with
gross lipidosis of multiple organs - hepatic
lipidosis in affected animals may be severe
enough to result in signs of colic from
overstretching of the hepatic capsule.®

On a peripherally related subject, a recent
article identified interstitial lipid
accumulation as a long-term histologic
findings in cats with chronic renal disease.®
Data from the study suggests that the
interstitial lipid accumulation may be the
result of tubular epithelial degeneration and
lysis as well as tubular basement membrane
fragmentation in a species in which tubular
lipidosis is often seen in the normal state. In
the animals of the study, interstitial lipid was
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not equally distributed between the right and
left kidneys, but all was found in the cortical
regions. In light of recent research on
mechanisms of renal lipoma toxicity, this is
an interesting finding which may contribute
to the overall progression of this common
disease in cats.®

Within the seminar, there was discussion
about the use of the term “vacuolar
degeneration, lipid-type” versus “lipidosis”
in the morphologic diagnosis for this
particular lesion. There was general
agreement that the former is better reserved
for situations in which morphologic evidence
of cellular degeneration is noted beyond
simple lipid vacuolation or swelling. In this
case, without either clinicopathologic
evidence of tubular damage, or morphologic
evidence of tubular damage, it was thought
that lipidosis (or vacuolar change) would be
most a more appropriate choice..
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CASE 1V: 15-H700012 (JPC 4084546).

Signalment: 21 week old, intact male,
domestic rabbit (Oryctolagus cuniculus)

History: 1 day history of sneezing with acute
onset on respiratory distress.

Gross Pathology: The animal was in poor
nutritional condition characterized by a near-
complete lack of subcutaneous, perirenal and
mesenteric adipose tissue. The right nasal
cavity was nearly completely filled with a
tan, viscous material.

Laboratory results: None given
Microscopic Description:

BRAIN (Some slides contain cerebrum while
others contain hippocampus and cerebellum,

Cerebrum, rabbit. Inflammatory foci are visible within
both grey and white matter at subgross magnification.
(HE, 5X)
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but the lesions are identical): Infiltrating both
grey and white matter, there are multiple
aggregates of epithelioid macrophages with
lesser numbers of lymphocytes and plasma
cells and rare heterophils. The inflammatory
infiltrates frequently surround accumulations
of eosinophilic cellular and karyorrhectic
nuclear debris (necrosis). Occasional necrotic
foci contain irregular, fragmented, basophilic
material (mineral). Within inflammatory
foci, there are rare, 20-30 um pseudocysts
that contain numerous 1x3 pm refractile
spores with a small, basophilic nucleus. The
neuropil surrounding the necrotic and
inflammatory  foci  contains  moderate
numbers of reactive glial cells (gliosis).
Vascular endothelial cells are frequently
plump (reactive), and Virchow-Robin spaces
often are expanded with macrophages,
lymphocytes and plasma cells. The
leptomeninges are expanded with moderate
numbers of lymphocytes and plasma cells.

Contributor’s Morphologic Diagnoses:
Brain  (cerebrum, hippocampus, and
cerebellum): Meningoencephalitis,
granulomatous and necrotizing, multifocal
with microsporidial spores (Encephalitozoon
cuniculi).

Contributor’s Comment: Wright and
Craighead initially identified
Encephalitozoon cuniculi in 1922 as the
agent responsible for “infectious motor
paralysis” in rabbits exhibiting lethargy,
tremors and paresis.!*  E. cuniculi are
members of the phylum Microspora, which
contain a diverse collection of obligate
intracellular organisms which can exist as
environmentally resistant spores outside of
the host.> There has been considerable
debate and reclassification with regards to the
evolutionary origin of Microspora. These
intracellular eukaryotes lack mitochondria
and peroxisomes, and were originally
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Cerebrum, rabbit. Inflammatory foci are composed of a
combination of activated glia and epithelioid
macrophages which are centered on cellular debris (and
likely Encephalitozoon spores.) (HE, 400X)

thought to belong to a deeply branching
protist lineage diverging prior to the
emergence of the mitochondria as an
endosymbiont (11). Modern phylogenetic
analysis reveals that Microsporidia are
actually more closely related to the fungal
domain.® Phenotypically, the defining
criterion for inclusion is the phylum is an
organelle found coiled within the spore
termed a “polar filament” or a “polar tube”.

Besides E. cuniculi, two other species with
the genus Encephalitozoon are also known to
infect mammals: Encephalitozoon hellum
and Encephalitozoon intestinalis.® E.
cuniculi is capable of infecting a wide range
of mammalian hosts, including rabbits,
rodents, horses, carnivores and humans.” In
humans, E. cuniculi and other microsporidia
have been identified as opportunistic
pathogens in immunocompromised patients,
though not causing the same epidemiological
human morbidity and mortality as other
parasites such as Plasmodia, Trypanosoma,
Leishmania and Toxoplasma gondii. At one
time, E. cuniculi was thought to be the agent
responsible for rabies and polio.*2

The main host for E. cuniculi is the rabbit,
and infections are mostly subclinical, and the
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Cerebrum, rabbit. Cells with cytoplasmic
parasitophorous vacuoles containing spores are present
in close apposition to “granulomas”. (HE, 400X)

course is typically chronic, taking weeks to
months to develop a parasite burden
sufficient to cause clinical signs.” The
seroprevalence in pet populations is high
(between 37% and 68%) due to proximity.*
Historically, in laboratory rabbit colonies, E.
cuniculi was a significant problem that
resulted in interference with experiments and
affected the overall health of the colonies.®®
Generally, infected rabbits will exhibit the
non-specific signs of weight loss and failure
to thrive, but can also manifest neurological
signs such as ataxia, opisthosomas,
torticollis, hyperesthesia, or paralysis.®
Phacoclastic uveitis is also possible, and is
characterized by a mixed inflammatory
response (granulocytes, macrophages and
multinucleate giant cells) causing lens
capsule rupture, with organisms found only
within the lens.?

In naturally infected rabbits, transmission
occurs through organisms shed in the urine
that are orally consumed, although
transplacental infections are documented.®*?
In experimental conditions, rabbits are also
capable of being infected via a respiratory
route in addition to oral. Following exposure,
spores infect mononuclear cells and thereby
enter they systemic circulation via leukocyte
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trafficking.® The first organs affected are the
lung, liver and kidney, but Ilater
(approximately 3 months post-exposure), the
lesions in the lung and liver subside and there
are significant changes to the brain as well as
the kidneys.” Gross lesions are not typically
seen, although rarely there can be focal,
irregular and depressed regions in the renal
cortex.?

Reliable histological lesions in the brain
consist of focal to multifocal, non-
suppurative meningoencephalitis with gliosis
and  perivascular  accumulations  of
lymphocytes and plasma cells. In some
instances, there can be foci of necrosis
surrounded by epithelioid macrophages with
lesser numbers of lymphocytes and plasma
cells.® Lesions in the kidneys include focal
to segmental interstitial nephritis with tubular
epithelial  degeneration, necrosis and
sloughing. There is little to no glomerular
involvement.®®  Spores can be identified
using Gram stain an ovoid, 1.5 x 2.5-5 um
diameter structures, which also stain purple
with carbol fuchsin.®

Contributing Institution:

University of Illinois College of Veterinary
Medicine, Department of Pathobiology, 2522
Veterinary Medicine Basic Science Building,
2001 S. Lincoln Ave., Urbana, IL

61802
http://vetmed.illinois.edu/research/departme
nts/pathobiology/

JPC Diagnosis:  Cerebrum: Encephalitis,
granulomatous and necrotizing, multifocal,
moderate with lymphoplasmacytic
meningitis and numerous microsporidian
spores.

JPC Comment: Microsporidia are unique
organisms which apparently have evolved
from fungi, being most closely related to the
zygomycetes.” Other similarities between
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microsporidia and fungi include the presence
of chitin and trehalose, similarities between
the cell cycles, and the organization of certain
genes. Other unique factors include their lack
of mitochondria (although enzymes with
mitochondrial ~ functions  have  been
conserved), and ribosomal RNA which more
closely resembles that of prokaryotes than
eukaryotes. Particularly impressive is their
extremely small genome, comprising 2.9
Mbp, which has been accomplished due to
the compression of genetic information
within chromosomes, resulting from a virtual
absence of introns, a low number of repetitive
sequences and many single-copy genes, an
overall shortening of genes as well as of non-
coding sequences, as well as the absence of
genetic information regarding  certain
metabolic pathways that are unnecessary for
the organism’s parasitic lifestyle.”®

The unicellular spores of these parasites are
unique within the animal kingdom with
incorporation of the nucleus, the posterior
vacuole, and ribosomes into “sporoplasm”,
which is injected into new host cells by virtue
of a polar tube, a specialized invasion
apparatus which works much like a

o

Cerebrum, rabbit. Spores of Encephalitozoon within
intact pseudocysts stain gram-variable (predominantly
gram-positive) on tissue gram stains. (Brown-Hopps,
400X)
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hypodermic needle. In addition, the polar
tube may stain positively with a number of
histochemical stains, including modified
trichrome, Luna, PAS, and Giemsa
facilitating identification of microsporidia in
tissue section.

E. cuniculi may parasitize a wide range of
mammials, but is most commonly associated
with infections in rabbits, rodents, dogs, and
primates. Based on the number of short
repeats in the ribosomal internal transcribe
spacer region, three different strains of E.
cuniculi of have been identified: the “rabbit”
(type 1), the “mouse (type 2), and the “dog”
stain (type 3). These strains are useful in
identifying the source of human outbreaks
(with only infections with dog and rabbit
strains  being  previously identified).
Outbreaks in rabbits appear to occur solely
from rabbit strains.®

The contributor has an excellent job in
detailing infection in the rabbit. While
lesions in the rabbit are classically considered
to be limited to the CNS and kidney, acute
infections may results in cysts and spores
within the lung, liver and heart, sites which
are clear of organisms when the clinical signs
of neurologic disease or renal failure become
evident. Lenticular invasion is a particularly
interesting phenomenon which appears to be
restricted to dwarf rabbits; unlike normal
horizontal infections, this syndrome results
from vertical transmission to the developing
lens via a peculiar homing mechanism for E.
cuniculi to the developing optic cup where it
takes residence within the lens. Delayed
replication results in destruction of lens fibers
and leaching of lens protein into the globe,
ultimately causing severe granulomatous
inflammation and phthisis.

Infections with Encephalitozoon sp. and a

related microsporidian genus,
Enterocytozoon, have been reported in
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humans. While most cases of infection of E.
cuniculi are associated with severe
immunodeficiency, a number of cases have
occurred in immunocompetent individuals in
close contact with rabbits and dogs. As
spores of E. cuniculi are resistant within the
environment, waterborne infections could not
be totally excluded in such cases.2 Other
related species of Encephalitozoon, to
include E. hellem and E. intestinalis, are also
well reported in the literature. E. hellum, is
a microsporidian parasite primarily of
psittacine birds which has been almost
exclusively diagnosed in HIV-infected
individuals. E. intestinalis is the second most
prevalent microsporidian species infecting
humans and is a common cause of diarrhea
and other gastrointestinal complaints in HIV-
infected individuals.®

A related microsporidia parasite, the most
common species known to cause human
disease, is Enterocytozoon bienusi. This
pathogen was first described in HIV-infected
patients in 1985 and may be found in up to
50% of HIV infected patients.® It has also
been identified in immunocompetent patients
associated with traveler’s diarrhea in Europe.
E. bienusi has also been identified in
immunocompetent diarrhea patients in
concert with E. hellem and E. intestinalis.®
Over the last decade, evidence has
accumulated that this parasite may persist as
an asymptomatic infection in
immunocompetent humans. Eleven years
after its discovery as a human pathogen,
Enterocytozoon was detected in animals for
the first time and seems to be a common
parasite in asymptomatic pigs.® It has also
been reported as a common finding in SIV-
infected macaques, but may also be seen in
immunocompetent macaques as well. It has
not been documented in macaques in the
wild.®
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Cerebrum, rabbit. Gram stains delineate extracellular
spores within inflammatory foci which resemble cellular
debris. (Brown-Hopps, 400X)

The determination of the morphologic
diagnosis in this case was met with spirited
discussion, and other descriptive features of
the morphology of this disease were also
greeted with some skepticism (including the
oft-used term “pseudocyst”). Granulomatous
encephalitis is a classic description of the
inflammation  associated with cerebral
encephalitozoonosis (and is used in some
very recent textbooks on laboratory animal
disease, yet the true composition of the
inflammatory foci surrounding extracellular
spores is difficult to elucidate on
morphologic grounds alone, and a more in-
depth analysis of cell types contained in these
foci is not available. The lack of
multinucleated cells, lymphocytes, and
plasma cells in inflammatory foci do not
support granulomatous inflammation, and
pathologists who refer to these foci as “glial
nodules” may in fact be closer to the truth.
Our morphologic diagnosis above is a
combination of tradition and morphology —
granulomatous on faith to excellent
morphologists who preceded us, and
necrotizing on evidence.
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Self-Assessment - WSC 2018-2019 Conference 10

1. Which of the following is true concerning protothecosis in the dog?

a. P. wickerhamii and P. zopfii may be distinguished morphologically from each other by

their marked size difference.

b. Colitis is the most common presentation of canine protothecosis.

c. Prototheca has PAS-positive cytoplasmic granules that are negative following amylase

digestion.

d. Prototheca infections may have a green tinge grossly.

2. Which of the following syndromes is associated with necrotic foci in multiple organs?

a.

b
C.
d

Typhoidal tularemia
Ulceroglandular tularemia
Septic tularemia
Pneumonic tularemia

3.  Which is the minimum recommended for working with F. tularensis sp. in the laboratory?

a.

b.
C.
d

BSL1
BSL 2
BSL3
BSL4

4. Which of the following is NOT a consistent finding in fatal fasting system in macaques?

a.

b
C.
d

Diabetes mellitus
Stress
Hypertriglyceridemia
Obesity

5. Which of the following is not found in microsporidia?

a.

b
C.
d

Ribosomes
Golgi apparatus
Nuclei
Mitochondria

Please email your completed assessment to Ms. Jessica Gold at Jessica.d.gold2.ctr@mail.mil for grading. Passing score is
80%.This program(RACE program number) is approved by the AAVSB RACE to offer a total of 0.5 CE Credits, with a
maximum of 12.5 CE Credits being available to any individual Veterinary Medical Professionals for the 2017-2018
Wednesday Slide Conference. This RACE approval is for the subject matter categories of: SCIENTIFIC using the
delivery method of NON-INTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize

AAVSB RACE; however, participants are responsible for ascertaining each board’s CE requirements.

RACE does not “accredit”, “endorse” or “certify” any program or person, nor does RACE approval validate the content

of the program.
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CASE I: P15/141 JPC 4066260)

Signalment: 2.5-year-old, Aubrac bull, Bos
taurus

History: The bull presented to Veterinary
Teaching Hospital with history of chronic
skin lesions of unknown reason.

Gross Pathology: Multifocal areas of
alopecia

Laboratory results: PCR positive for B.
besnoiti, ELISA positive for B. besnoiti

Microscopic Description:

Haired skin. The epidermis displays low to
moderate, diffuse, orthokeratotic
hyperkeratosis, moderate, diffuse, epidermal
hyperplasia characterized by acanthosis and
irregular rete ridge formation, rare,
multifocal, individual, intraepidermal

Haired skin, ox. The dermis is diffusely expanded by
numerous apicomplexan tissue cysts ranging from 200-
400um. (HE, 5X)

macrophages, eosinophils and neutrophils
(exocytosis), and rare, multifocal, discrete,
shrunken, hypereosinophilic keratinocytes
with  pyknotic nuclei (apoptosis). The
superficial dermis and a variable part of the
adjacent deep dermis are markedly and
diffusely expanded by a moderate,



coalescing, perivascular, and nodular to
diffuse infiltration of macrophages, plasma
cells, lymphocytes, eosinophilic
granulocytes and to a locally variable extent
also neutrophilic granulocytes, as well as a
low to moderate, coalescing amount of
bundles of fibroblasts and fibrocytes within a
collagenous stroma (fibrosis). There is a
marked coalescing to diffuse loss of follicular
and adnexal structures (alopecia). Within the
superficial and upper deep dermis are
numerous round protozoal cysts
characterized by a diameter of ~ 250 pm, a ~
12 um thick, distinctly bordered, pale
eosinophilic, hyaline outer capsule, a
subcapsular ~ 10 pum thick ring of
eosinophilic cytoplasm containing multiple
fusiform nuclei, and a central round vacuole
containing myriads of densely packed, ~ 4
pm in diameter, distinctly bordered, crescent-
shaped bradyzoites with pale eosinophilic
cytoplasm and a central, hyperchromatic
nucleus. The dermal collagenous stroma,
adjacent to the cysts show a mild, laminar
zone of shrinkage and hypereosinophilia
(compression atrophy).

Contributor’s Morphologic Diagnoses:
Haired skin. Dermatitis nodular to diffuse,
granulomatous and eosinophilic, chronic,
coalescing, moderate with  numerous
intradermal, intracellular, apicomplexan
cysts (etiology consistent with Besnoitia
besnoiti), adjacent laminar compression
atrophy, dermal fibrosis, alopecia, epidermal
hyperplasia and orthokeratotic
hyperkeratosis.

Contributor’s Comment: Etiology: The
apicomplexan protozoan parasite Besnoitia
besnoiti (B. besnoiti; Family: Sarcocystidae)
is the etiologic agent of bovine besnoitiosis
(Synonyms: bovine cutaneous globidiosis,
bovine cutaneous sarcosporidiosis, elephant
skin disease of cattle) and has been described
first by Cadéac in 1884.* The closely related
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Besnoitia species B. caprae, B. bennetti and
B. tarandi induce a comparable disease
mainly in goats, equids and wild ruminants,
respectively (Table 1).1

Besnoitiosis is an endemic disease in the
southern part of Europe, the subtropical areas
of Asia, and sub-Saharan Africa, but has also
been reported as an emerging disease in the
central and northern part of Europe.>®"# In
endemic areas seroprevalence rates are ~
50% whereas the incidence of clinical cases
of 1-10% per year, as well as the mortality
rate of less than 1% are obviously low.
Prevalence and incidence may be higher in
areas where the disease is emerging.t!

B. besnoiti is commonly believed to have a
heteroxenous life cycle, however until today
only homoxenous transmission from
intermediate to intermediate host has been
shown experimentally. The most important
intermediate host are cattle, but wildebeest,
kudu and impala are also affected.!* The
epidemiological  importance of  wild
ruminants in northern Europe is currently
unknown. Although roe deer and red deer can
be seropositive in areas of endemic bovine
besnoitiosis, the strong cross reactivity of B.
besnoiti, B. tarandi and B. bennetti prevents
differentiation of these species employing
serological methods.® Although many
authors have suggested that the final host of
B. besnoiti could be the domestic cat or wild
carnivores, attempts to proof this hypothesis
have been unsuccessful so far.® Therefore
the final host of B. besnoiti remains currently
unknown, as is true for most other species of
the genus Besnoitia (Table 1).

Whether transmission from the currently
unknown definitive host to the intermediate
host occurs in via oocytes shed in the feces
remains unknown. In contrast, horizontal
mechanical transfer between intermediate
hosts by blood-sucking insects including



tsetse flies (Glossina brevipalpis), tabanids
(Tabanocella denticornis, Atylotus
nigromaculatus, Haematopota albihirta),
mosquitoes (Culex simpsoni, Culex spp.) and
stable flies (Stomoxys calcitrans) has been
experimentally proven and is suggested to be
an important mode of transmission.’
Furthermore,  transmission by  other
arthropods, iatrogenic transfer and direct
contact including sexual transfer are possible
other routes of transmission.!

Rapid asexual intracellular proliferation of B.
besnoiti tachyzoites occurs mainly within the
intermediate host’s endothelial cells during
the acute phase after the first infection. This
leads to vasculitis and thrombosis of
capillaries and smaller veins, especially
within  the dermis, and subsequent
generalized subcutaneous edema.?® One to
two weeks after the onset of the acute phase,
the infection reaches the subacute to chronic
stage which is characterized by evolving
intracellular tissue cysts containing myriads

-

) 5 N
b ; h N

4=

1 i

E o B Bt b & - ? b Yk
“Haired skin, ox. Tissue cysts are surrounding by the thick hyaline wall ranging from

235

of bradyzoites within vimentin-positive,
MAC387-negative, mesenchymal  cells
(suggested to  be  fibroblasts  or
myofibroblasts), especially within the dermis
and submucosa, as well as various other
tissues.® A detailed description of the
sequential steps of tissue cyst formation can
be found in Langenmayer et al. (2015).2

The clinical disease can be subdivided into
two phases. The acute phase (“anasarca
phase”) of bovine besnoitiosis occurs 11-13
days after infection and lasts for 6-10 days,
and is characterized by fever, subcutaneous
edema, lymphadenitis, conjunctivitis, nasal
discharge,  salivation, laminitis  and
depression.?®

In contrast, the chronic phase (scleroderma
phase) is characterized by macroscopically
detectable tissue cysts in connective tissues,
especially the pathognomonic pin-head sized
cysts in the dermis and submucosa of
conjunctiva, nasal cavity and vagina, as well
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rim of cell cytoplasm with peripheralized nuclei surrounds a parasitophorous vacuole contain innumerable zoites. Tissue cysts
are separated by moderate numbers of lymphocytes, histiocytes, and eosinophils, as well as down projecting rete ridges of the

hyperplastic epithelium (HE, 159X)




as lichenification, hyperkeratosis and
alopecia.>®

Overt clinical disease most often affects 2- to
4-year old adults and chronically infected
animals may partially recover but are thought
to remain infected for the rest of their lifes.!
Although only a small percentage of less than
1% of the affected cattle die, bovine
besnoitiosis may lead to major economic
losses due to weight loss and decreased milk
production, abortion, male infertility, and
reduced value of the hides. Currently there
are no therapeutic treatment options
available. An attenuated live vaccine is
available in some countries for prophylaxis.

Macroscopic changes in the acute phase of
besnoitiosis are rather unspecific and include
coalescing to generalized subcutaneous
edema (anasarca), multifocal to coalescing,
lymphohistioplasmacytic and eosinophilic
perivascular dermatitis, dermal hemorrhages,
generalized swelling of lymph nodes
(lymphadenopathy), and swollen testicles
(orchitis).>®

The characteristic tissue cysts start to develop
in the subacute stage concurrent with the
decline of dermal edema. The tissue cysts
become clearly macroscopically visible as
pin-head sized, pearl white tissue cysts with
a diameter of up to 1 mm within the
conjunctiva and mucous membranes of the
vagina, nose, pharynx and upper respiratory
tract in the chronic phase of besnoitiosis.
The dermis exhibits multifocal to coalescing
palpable indurations with a diameter of
initially 3-5 mm and later up to 1 cm,
especially at the teats, eyelids, neck and
limbs, as well as hypotrichosis, alopecia,
seborrhea, lichenification and partially
erosions, exudations and crusts. Other
affected tissues include the connective tissue
of the subcutis, intermuscular fascia,
mesentery and scrotum.?4°
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Histologically, crescent-shaped 6-7,5 x 2,5-
3,9 um sized B. besnoiti tachyzoites with
eosinophilic cytoplasm and a round
basophilic nucleus may be visible within
endothelial cells, blood and lymph vessels,
and extracellular spaces during the acute
stage. Notably, these tachyzoites are
indistinguishable from Neospora caninum or
Toxoplasma gondii by light microscopy.?#8

The B. besnoiti tissue cysts of the chronic
phase exhibit a diameter of up to 600 pum, and
a characteristic double-walled morphology
which allows differentiation from the similar
cysts of Sarcocystis spp. and Eimeria spp.!
The outer 10-12 pm, pale eosinophilic,
hyaline cyst wall is comprised of host-
derived collagenous material and its outer
surface  blends irregularly into the
surrounding connective tissue. The inner cyst
wall is a thin pale gray-bluish band with
distinct histochemical staining characteristics
in between the outer cyst wall and the outer
cell membrane of the host cell. The outer cyst
wall stains blue with Masson’s trichrome and
pale white with Giemsa stain, whereas the
inner cyst wall stains pale white with
Masson’s trichrome stain and deeply violet
with Giemsa stain.® The large host cell is
multinucleated and forms a peripheral rim of
cytoplasm, which in turn encompasses the
central  parasitophorous vacuole. The
parasitophorous vacuole is filled with
thousands of 6,0-7,5 x 1,9-2,3 um sized
bradyzoites.? The cysts are often surrounded
by a granulomatous and eosinophilic, nodular
to diffuse dermatitis with fibrosis,
compression atrophy of adnexa, and
hyperkeratosis.*” Occasional multinucleated
giant cells of the foreign body type can be
present in the inflammatory infiltrate.® Other
lesions include focal or multifocal myositis,
keratitis, periostitis, endosteitis,
lymphadenitis, pneumonia, periorchitis,
orchitis, epididymitis, arteritis, perineuritis,
and laminitis.*8



A comprehensive ultrastructural description
of the tachyzoites, bradyzoites and tissue
cysts in bovine besnoitiosis has been
published recently.®

The gold standard for the diagnosis of bovine
besnoitiosis seems to be the histologic
demonstration of the pathognomonic
Besnoitia spp. tissue cysts. Obvious
microscopic  differentials for B. besnoiti
include the indistinguishable cysts other
species of the genus Besnoitia as well as the
confusable cysts of Sarcocystis spp., Eimeria
spp., and the sporangia of the fungal agents
Rhinosporidium seeberi, Emmonsia
crescens, Sporothrix schenkii, Coccidioides
immitis and Loboa loboi.?
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Immunohistochemistry can be used to
differentiate B. besnoiti bradyzoites and cysts
from those of Toxoplasma gondii, Neospora
caninum and, although with minor cross
reactivity, also Sarcocystis spp.2 Due to the
serological cross reactivity of the various
species of the genus Besnoitia, it seems
reasonable that it is also not possible to
differentiate between these species using
immunohistochemistry.® Therefore
molecular genetic methods are the method of
choice if a diagnosis at the species level is
needed.!!

Table 1. Species of the genus Besnoitia and their main hosts.

Species name

Main intermediate host

Main final host

Besnoitia besnoiti

Cattle, kudu, blue wildebeest,

?

impala
Besnoitia caprae Goat ?
Besnoitia tarandi Reindeer, caribou, mule deer, | ?
roe deer, muskox
Besnoitia bennetti Horse, donkey, mule, (zebra) | ?
Besnoitia jellisoni Mouse, rat, other rodents ?
Besnoitia akodoni Montane grass mouse ?
Besnoitia oryctofelisi Rabbit Cat
Besnoitia darlingi Virginia opossum Cat
Babesia neotomofelis Southern planes woodrat Cat
Besnoitia wallacei ? Cat

Data based on the review of Olias et al. (2011).*

hyperkeratosis.

Contributing Institution:

Friedrich-Loeffler-Institut, Federal Research

Institute  for

Animal 17493

JPC Comment:

The contributor

Health,
Greifswald-Insel Riems,

(www.fli.bund.de)

Germany

JPC Diagnosis:  Haired skin: Dermatitis,
lymphoplasmacytic, histiocytic, and
eosinophilic, diffuse, moderate, with
numerous apicomplexan cysts and mild
diffuse  epidermal  hyperplasia  and

provided a thorough discussion of this
disease which is currently considered of great
economic importance in cattle in Europe.
Historically, the disease was first described
by Cadeac in 1884 and named
“Telephanitiasis el I”anasarque du bouef.’
Although initially misdiagnosed by Besnoit
(a professor of veterinary medicine in
Toulouse) and Robin as a species of

5



Sarcocystis (S. besnoiti) in 1912, and in 1916,
Franco and Borges proposed the name
Besnoitia besnoiti. The disease is gone by
many names, including bovine subcutaneous
globidiosis, bovine cutaneous cervical
spongiosis, and elephant skin disease of
cattle.

While the definitive host of B Dbesnoiti
remains unproven, domestic and wild felines
have been shown to be the definitive host for
Besnoitia species of rodents. A recent
publication by Verma et al. has identified the
bobcat (Lynx rufus) as the definitive host of
B. darlingi, a species which parasitizes the
opossum.

While orchitis and a marked decrease in
fertility in bulls has been well documented
this disease, chronically infected cows may
still become pregnant, and give birth, with no
reports to date of vertical transmission of B.
besnoiti. Subsequent rearing is problematic,
as the disease causes a negative impact on
milk production, as well as the calf’s nursing
opening painful wounds on infected teats.?
Another clinical finding in chronic cases of
disease in cattle include laminitis, likely as a
result of interference with dermal vasculature
and pressure put on epidermal laminae by the
presence of tissue cysts. Inappropriate
weight bearing ultimately results in rotation
of P3 and the development of sole ulcers.®

On a microscopic level, the composition of
the two cysts walls, the inner cyst wall (which
lies outside the host cell membrane), and the
hyalin outer cyst wall (composed of type |
collagen as evidenced by a deep blue staining
on a Masson’s trichrome and orange
birefringence on picrosirius red), was
recently described by Langenmeyer et al.
The pale white staining of the ICW on
Masson’s and a blue-green color in
picrosirius red/Alcian blue strongly suggests
that the ICW is composed of elements of the
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extracellular  matrix. This interesting
histochemical discovery further supports
myofibroblasts as the cell of origin for tissue
cysts as myofibroblasts are capable of
producing  both  extracellular — matrix
components as well as type | collagen.

To date, no member of the genus Besnoitia
have been demonstrated to elicit disease in
humans.
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CASE 11: Case #1 (JPC 4085967)

Signalment: 16-month-old, female,
European shorthair cat

History: The cat showed a non-healing
wound at the right forelimb over a few weeks.
A treatment with NSAID’s and antibiotics
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Haired skin: At subgross examination, the submitted
section of skin is ulcerated and the dermis is
hypercellular. (HE, %x)

didn’t show any improvement. Therefore a
biopsy was taken for microscopic
investigation.

Gross Pathology: The specimens showed a
moderate alopecia and some crusts.

Laboratory results: Molecular biological
examination:
- PCR for Cowpox virus: positive

Microscopic Description:

- Epidermis: diffusely covered by
plasmatic components; nearly diffuse
severe erosions and ulcerations
multifocal with serocellular crusts
containing a high mount of
neutrophils; multifocal moderate
intracellular edema up to ballooning
degeneration and necrosis of the
keratinocytes; multifocal eosinophilic
intracytoplasmic inclusion bodies
within the keratinocytes

- Dermis: severe infiltration with
marked numbers of neutrophils, some
lymphocytes, plasma cells and
macrophages;  multifocal  severe
necrosis with degenerate neutrophils
and cellular and karyorrhectic debris;
multifocal moderate hemorrhages

- Adnexa: disseminated severe
perifollicular infiltration with marked
numbers of neutrophils, some



lymphocytes, plasma cells and
macrophages, multifocal ~ with
complete destruction of the adnexa;
multifocal eosinophilic
intracytoplasmic inclusion bodies
within the keratinocytes of the hair
follicle

Contributor’s Morphologic Diagnoses:
Haired skin:  Dermatitis, purulent and
necrotizing, erosive and ulcerative, severe,
with eosinophilic intracytoplasmic inclusion
bodies within keratinocytes

Contributor’s Comment: Etiology: The
cowpox virus is a member of the genus
Orthopoxvirus in the family Poxviridae. The
reservoir hosts are rodents from which the
virus spreads to other animals, for example
cows, cats (including large felids), zoo
animals (rhinoceroses, elephants, okapis) and
humans.® In cats, it usually causes a regional

i
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viral dermatitis and is often a more severe
disease than in cattle or humans. There is an
increased incidence in the autumn, which
may reflect the increased size and activity of
wild rodents in this time of the year.*

The primary lesion after cutaneous infection
is usually an ulcerating, erythematous,
crusted macule or plaque on the head, neck,
or forelegs that occurs after 3-6 days.® After
a viremia, pyrexia, anorexia and depression
widespread secondary lesions develop within
10 days to a few weeks.'* Like the primary
lesion, these first appear as small
erythematous macules, ultimately forming
ulcerated papules. Sometimes, vesicles are
found on the tongue, the mouth or inner
aspect of the pinna. Approximately 20 per
cent of affected cats show a mild infection of
the upper respiratory tract. After three weeks
the cutaneous scabs dry and fall off.2 Typical
microscopic ~ findings are ulceration,

Haired skin, cat. There is diffuse full thickness necrosis of the epithelium of the superficial dermis whitch extends into the
follicular epithelium. Large pools of serocellular exudate expand the intercellular space. The dermis is infiltrated by large
numbers of degenerate neutrophils admixed with cellular debris, hemorrhage, edema, and fibrin. (HE, 182X)




serocellular crusts, ballooning degeneration
of keratinocytes in epidermis and hair
follicles with  large intracytoplasmic
eosinophilic inclusions and a secondary
necrosis and infiltration with inflammatory
cells.®

There are reports about some cases with more
severe clinical signs, especially with a severe
necrotizing or interstitial  pneumonia,
necrotizing rhinitis and/or generalized skin
lesions. These are either described as atypical
infections or are associated with secondary
bacterial infection or an underlying
immunosuppression like FIV, parvovirus and
FeLV infections, debilitative disease or
treatment  with  corticosteroids.3121314
Macroscopic differential diagnoses for this
condition are facial and nasal dermatitis and
stomatitis associated to feline herpesvirus 1,
cutaneous lymphoma, autoimmune
dermatoses, such as pemphigus foliaceus,
cutaneous bacterial, fungal or parasitic
infections and physicochemical injuries.’8
Because of the intracytoplasmic inclusion
bodies, there are no histological differential
diagnoses.

Furthermore, cowpox virus infection is
zoonotic and there exist several reports of the
virus being transmitted from cats to human
beings.®1*!°Lesions are similar to those in
cats and are usually associated with a cat
scratch 8

Contributing Institution:

Institut far Veterindr-Pathologie,
Veterindrmedizinische Fakultdat Leipzig,
Universitat Leipzig,

Germany (http://www.vetmed.uni-
leipzig.de/ik/wpathologie)

JPC Diagnosis:  Haired skin: Dermatitis,
necrotizing, diffuse, severe with epithelial
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Haired skin, cat. There is diffuse full thickness necrosis of
the epithelium of the superficial dermis which extends into
the follicular epithelium. Large pools of serocellular
exudate expand the intercellular space. The dermis is
infiltrated by large numbers of degenerate neutrophils
admixed with cellular debris, hemorrhage, edema, and
fibrin. (HE, 182X)

ballooning  degeneration,and
intracytoplasmic viral inclusions.

numerous

JPC Comment: Few medical or veterinary
students have not heard the story of Edward
Jenner, the milkmaids, and his discovery of
the correlation between inoculation with
cowpox and resistance to smallpox. Inatime
in which myths fall quickly and hard, the
long-held attribution of one of the early
vaccine discoveries has been recently called
into question. A 2018 article in the New
England Journal of Medicine® ascribes the
important observation to the physician
towhom Jenner was actually apprenticed, Dr.
John Fuster, who two years earlier in 1768,
began inoculating people against smallpox.”
It was a conversation with a farmer that
Fuster inoculated ineffectually that led to the
connection between smallpox and cowpox,
when the farmer exclaimed, “I have had the
Cow Pox lately to a violent degree, if that’s
any odds.” Jenner confided about the finding
to a friend later that year, but would not travel
to London to gain fame as the inventor of the
vaccine until 1770.



Even the identity of the virus used by Jenner
et al. has been called into question. While the
story of the “unrivaled” (i.e., unpocked)
complexions of the milkmaids in the area at
that time is legend, even the use of the
cowpox virus in early vaccinations has been
called in to question. The widespread
exchange and mixing of vaccines and
“lymph” in the US in the early 1900s resulted
in vaccines today that likely would contain
viral determinants of many vaccines in use
around the world at that time. Interestingly,
no trace of cowpox has been identified in
vaccines tested from that time or today’s
derivatives. The active virus appears to be
the vaccinia virus, closely related to cowpox,
but instead isolated from horses.®

Today, cowpox viruses are distributed
throughout Asia and Europe, except for
Ireland. Wild rodents, predominantly voles,
are the reservoir of these viruses; hunting cats
are accidentally infected by their prey.®
Historically, cattle (likely infected by rodent
contact) have been the primary source for
zoonotic infections; however, within the last
decade, cats have been primarily described as
the source of human infections. Wild rodents
are the primary source for the cat; pet rats
have been rarely been incriminated in human
infections.®

While generally considered to be a cutaneous
infection, fatal generalized systemic
infections with cowpox virus have been seen
in immunosuppressed cats, as well as a single

human case report following
immunosuppressive corticosteroid therapy.
The effects of concurrent

immunosuppressive viruses such as file T
virus, retrovirus, parvovirus may also exerts
adverse effects by promulgated concurrent
bacterial infections.®

A number of atypical cases of cowpox in cats
have been identified in the literature.
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Necrotizing and proliferative pneumonia has
been seen in the absence of cutaneous lesions
in domestic cats and wild felids. A series of
cases in cats in which the cutaneous lesions
were present on the hindlimbs or tail was
reported by Jungwirth et al.!® In a Denmark
zoo which has reported seasonal recurrence
of cowpox virus outbreaks in captive
cheetahs, two of nine (22%) died of
generalized disease or pulmonary infection.’

Finally, a fatal outbreak of a novel
orthopoxvirus was reported in 2017, in which
phylogenetic analysis revealed the virus to be
distantly related to cowpox, and more closely
related to ectromelia virus.*  Autopsied
macaques demonstrated interstitial
pneumonia with necrosis of bronchial
epithelium; lymphoid necrosis of the spleen
and lymph node, and numerous ulcers in the
skin and upper GI tract. Rodents in the
facility demonstrated serologic (IGG) to the
putative poxvirus, but the virus was not
isolated from trapped rodents. A subsequent
report of cutaneous infection by a virus
within the same cluster as this putative novel
orthomyxovirus was subsequently reported.!

‘N A

Haired skin, cat. Within surviving follicular epithelium,
there are numerous multinucleated viral syncytia (black
arrows). Degenerating sebaceous epithelium also

contains intracytoplasmic viral inclusions. (HE, 351X)
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The attendees noted the presence of
numerous multinucleated epithelial cells,
which are not commonly seen in poxviral
infections; their significance or etiology in
this case is not apparent. The large areas of
profound necrosis of the epidermis led some
attendees to question whether vascular
lesions, such as may be seen in other
orthopoxviral infections, such as ectromelia,
might have been present.
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CASE I11: E2337 (JPC 4090973)

Signalment: 13-year old female domestic
European shorthair cat (Felis catus)

History: The affected skin displayed a
plaque-like lesion with irregular edges.

Gross Pathology: The tissue sample
submitted for histopathological examination
had an extension of 1,2 cm consisting of skin
and subcutis.

Laboratory results: None given.

Microscopic Description:

Haired skin: There is an area of irregular
epidermal hyperplasia with formation of rete
ridges, also affecting the hair follicle
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Haired skin, cat. Higher magnification demonstrates the
profound epidermal hyperplasia with nodular downward
growth of rete ridges. Erosion of the epidermis has
resulted in marked intercellular edema, and there is
marked dermal inflammation. (HE, 88X)

infundibulum; part of the lesion is covered by
a serocellular crust. There is a mild
hyperkeratosis and mild to severe
hyperpigmentation. In most areas, the
basement membrane is intact with neoplastic
cells confined to the epidermis with dysplasia
of all layers with loss of the polarity of the
cell nuclei and loss of the normal
stratification of the Kkeratinocytes. Some
keratinocytes are small with hyperchromatic
nuclei, others are rather large with vesicular
nuclei.

Groups of cells are dorsoventrally protracted
and bent in one direction, exhibiting a "wind-
blown” appearance. Nuclei are large, round
to oval, centrally placed, and vesicular with
finely stippled chromatin and one to two
prominent round magenta nucleoli. There is a
mild to moderate anisocytosis and
anisokaryosis. The number of mitotic figures
range from O to 4 per high power field.
Multifocally, dark  basophilic  round
structures are present within the neoplastic
cells, interpreted as apoptotic bodies. In the
dermis a mild, perivascular infiltration of
neutrophils, lymphocytes and macrophages is
present and few mast cells are observed.
Multifocally there is moderate dermal
fibrosis.

Contributor’s Morphologic Diagnoses:
Epidermal hyperplasia and dysplasia, focally
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extensive, severe (Bowenoid in situ
carcinoma — BISC)

Contributor’s Comment: The morphologic
findings are compatible with a Bowenoid in
situ carcinoma (BISC) or Bowen-like
disease, an uncommon premalignant lesion in
middle-aged to old cats, that has been rarely
reported in dogs.>®

Grossly, irregular, slightly elevated to
heavily-crusted plaques and verrucous or
papillary lesions up to 5.0 cm in diameter are
found on haired, pigmented or non-
pigmented skin at any site of the body.®5®
Usually, multiple lesions occur, but also
solitary lesions are seen infrequently.*
Lesions are reported to be chronic, not
painful, and only mild pruritus is noted.?
There is neither a causal correlation to
sunlight exposure nor a breed or sex
predilection.>®
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Several studies suspect that papillomavirus
infection may be associated with feline BISC
in situ.3"® In two studies, papillomavirus-
antigen was detected in 11% and 48% of
BISC in situ, respectively, using
immunohistochemistry.”®

Contributing Institution:

Institute of Veterinary Pathology at the
Centre for Clinical Veterinary Medicine
LMU, Munich

Veterinaerstr. 13; 80539 Munich Germany

JPC Diagnosis:  Haired skin: Bowenoid
squamous cell carcinoma in situ.

JPC Comment: John Templeton Bowen,
MD was a quiet professor of dermatology
who spent his days at Harvard Medical
School dodging patients, preferring to read
slides. In 1912, he published a paper on a
particular form of precancerous chronic
dermatosis.  As his proposed name of

oF 2

Haired skin, cat. At subgross magnification, there is marked thickening of the epidermis and follicular epithelium within the
center of the section. (HE, 88X)
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“dyskeratosis lenticularis et discoides” didn’t
appear to catch on widely, Dr. Jean Darier
(who already had Darier’s disease named
after him, so he wasn’t really in the game
anymore) suggested in his rather aptly named
1914 textbook on dermatology, A Textbook
on Dermatology, that this condition simply
be called Bowen’s disease.! Bowenoid
papulosis, a proliferative lesion of the
genitals resulting from infection by human
papillomavirus 16 or 18, was named in
Bowen’s honor in 1977, 37 years after his
death, when he couldn’t refuse.

In humans, Bowen’s disease is the eponym
commonly applied to cutaneous squamous
cell carcinoma in situ. It appears as a sharply
marginated erythematous scaly or verrucous,
often pigmented plaque. It may be appear in
sun-exposed areas of skin, or other areas
where it may be associated with HPV
infection or exposure to inorganic arsenic.’
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In the cat, Bowenoid in situ carcinoma
(BISC) presents as one or multiple thickened
areas of the epidermis, which may present as
a thick plate of keratin due to its propensity
for overlying orthokeratotic or parakeratotic
hyperkeratosis.*  This keratinization may
extend into follicles which may become
dilated and plugged with keratin debris. Over
time, BISCs may progress to a nodular mass
which bulges into the underlying dermis.*

The histologic features of the risks are
characteristic. Poorly lesions display basal
cell crowding and a loss of nuclear polarity
and stratification. Cells within the stratum
spinosum and even more superficial levels
are enlarged with prominent nuclei and
nucleoli are more consistent with cells of the
basal layer. Mitoses may be present at any
level in the dermis. Alternatively, as seen in
this case discs may demonstrate a more
basaloid pattern, with proliferation of

Haired skin, cat. Within the affected epidermal and follicular epithelium, there is inappropriate maturation (dysplasia) with a
similarity of nuclei at all levels, lack of keratohyaline granules, and mitotic figures at all levels of the epidermis. (HE, 137X)
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large  often  hyperchromatic  nuclei.
Melanization of these of the epithelial cells as
well as macrophages in the underlying
dermis is often seen in these lesions.*

Feline papilloma virus has been repeatedly
isolated from lesions in this type, and
cytopathic effects, such as koilocyte
formation, associated with papillomavirus
infection may be seen in early lesions.
Similar changes are rarely seen in advanced
lesions.

Cats that develop one BISC are likely to
develop additional lesions over time.
Histologic differentials include invasive
squamous cell carcinoma and actinic
keratosis. The differentiation between a
BISC and a SCC is made by -careful
examination to insure that all cells are
confined within the basement membrane.
Differentiation between actinic keratosis and
a BISC may be more difficult unless
papilloma virus-induced cell changes are
present. As opposed to the BISC, actinic
keratosis demonstrates random loss of
nuclear polarity of the basal cells only, a
poorly defined interface between normal and
affected epidermis, and most importantly a
lack of thickening and dysplasia of the
follicular infundibulum.*

The association between feline papilloma
virus infection in the cat in the development
of BISC is well-known and consistent with an
emerging body of knowledge associating
papillomavirus infection and malignant
transformation of epithelial neoplasms in cats
and many other species. In the cat, Felis
catus papilloma virus 2 and 3 (FcPV-2 and -
3) have been isolated from BISC lesions.
Other lesions associated with feline
papillomavirus infection including feline
viral plaques (FcPV-1 and -2) and FcPV-2
been detected not only in BISCs but in up to
50% of invasive SCC lesions in this species.
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Feline sarcoid is a rare neoplasms of the skin
of the nose limbs, or digits of young to
middle-aged cats; however, the
papillomavirus that has been isolated from
these lesions has extensive similarity in the
DNA to bovine papillomavirus 1 and 2 and
may represent a novel bovine papilloma
virus.

The moderator discussed the requirements
and methods for differentiation between
papillomavirus-induced lesion and similar
lesions that might be induced by actinic
damage. The moderator suggested that the
cellular proliferation extending deep into hair
follicles as well as the bulbous outgrowth of
neoplastic cells perpendicularly outward
from the affected follicles is more suggestive
of viral induction than actinic induction.
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CASE 1V: 16-859 ((JPC 4084013)

Signalment: 8-year-old castrated male
domestic shorthair cat, Felis catus

History: Presented with a 1cm mass around
the right lower canine. The referring
veterinarian removed the mass, tooth, and
part of the mandible.

Gross Pathology: None given.
Laboratory results: None given.

Microscopic Description:

There is almost diffuse gingival ulceration
with necrosis of the exposed lamina propria,
fibrin deposition, and neutrophil infiltration.
Underlying this there is early granulation
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Gingiva, cat. A 1.2 x 0.5cm mass expands the submucosa
and elevates the overlying ulcerate mucosa. (HE, 5X)

tissue proliferation that blends into a deeper,
poorly-demarcated population of plump
spindle cells arranged in streams and
admixed  with  large  numbers  of
multinucleated giant cells. Cells are
occasionally separated by amorphous
eosinophilic material (presumed osteoid).
The nuclei have finely stippled chromatin
and a central prominent nucleolus. This area
is surrounded by fibrosis with scattered
lymphocytes and plasma cells. Occasionally
there are central areas of necrosis with
hemorrhage, neutrophils, and rarely a raft of
filamentous bacteria is present (in some
slides). At the periphery of the mass there are
fragments of pre-existing lamellar bone with
varying amounts of woven bone. Bone
fragments are lined by primarily by
osteoblasts with rare osteoclasts in
Howship’s lacunae. There are also tooth
fragments surrounded by fibrosis. The
remaining gingival epithelium is
hyperplastic.

Contributor’s Morphologic Diagnoses:
Gingiva: Peripheral giant cell granuloma

Contributor’s Comment: Peripheral giant

cell granulomas were previously referred to
as giant cell epulides.” These are ulcerated
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masses composed of a poorly demarcated
proliferation of fibroblasts and blood vessels
(resembling  granulation  tissue)  with
prominent multinucleated giant cells.
Osteoid-like material may be present.
Cellular  pleomorphism, mitoses and
anaplastic cells are absent. Unlike the
fibromatous epulis and acanthomatous
ameloblastoma, these tumors lack an
epithelial component, although the gingival
epithelium adjacent to the areas of ulceration
is, as expected, hyperplastic.t

In cats, peripheral giant cell granulomas
(giant cell epulis) are the second most
common gingival tumor (28.8%) after
fibromatous epulis (57.7%).The reported
range for age of onset is 4-19 years.
Compared to the fibromatous epulis, giant
cell epulides are more likely to be ulcerated,
grow more rapidly, rapidly recur following
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excision, and are more likely to result in the
death or euthanasia of the cat.*

Immunohistochemical stains have shown the
multinucleated giant cells to be positive for
vimentin, tartrate-resistant acid phosphatase
(TRAP; osteoclast marker) and the
polyclonal antibody receptor activator of
nuclear factor xf (RANK; involved in
osteoclast maturation)® while being negative
for smooth  muscle actin, MIB-1
(proliferation marker) and factor VI1II. These
findings suggest an osteoclastic, as opposed
to macrophage, origin for the multinucleated
giant cells.

Peripheral giant cell granulomas are regarded
as hyperplastic (reactive) and have occurred
at sites of tooth extraction.’

Contributing Institution:

Gingiva, cat. The lesion is composed primarily of plump fibroblasts forming tightly packed short streams and bundles oriented
in various planes. (HE, 400X)
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University of Tennessee, College of
Veterinary  Medicine, Department  of
Biomedical and Diagnostic  Sciences
http://www.vet.utk.edu/departments/path/ind

ex.php

JPC Diagnosis: Gingiva: Peripheral giant
cell granuloma.

JPC Comment:

The contributor does an excellent job of
describing this poorly-named reactive lesion.
The term “peripheral giant cell granuloma”
has been lifted from the human literature,
although this lesion bears no resemblance to
a true granuloma. The term “peripheral” is
used to differentiate this lesion from its
identical  intraosseous  or  “central”

counterpart. It has been classified previously
as an epulis®, another relatively non-specific
term for a “tumor-like mass on the gingiva”
which also appears to be falling from
common usage today.
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In the human, where this lesion is best
defined, it represents an exuberant reparative
response to local trauma or irritation. These
lesions are seen exclusively in the gingiva
and presumably arises from the periodontal
ligament or periosteum. They typically
present as red-blue, broad-based masses in
the gingiva around the incisors and premolars
(a location that is shared in the cat and dog as
well).5> They are seen at any age in the human
and tends to be seen more commonly in
females than in males. . The appearance of
multinucleated giant cells is unusual and the
reason for the presence of this cell type
remains unknown; they appear to be
nonfunctional in the usual sets of either
phagocytosis or bone resorption. Islands of
metaplastic bone may occasionally be seen in
this lesion.

A number of peripheral giant cell granulomas
have been published in the dog as well** An
article by DeSoutter et al.* demonstrates an

Gingiva, cat. Numerous multinucleated polygonal cells are scattered throughout the lesion. (HE, 400X)
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almost identical lesion in the area of the
incisors or premolars (the characteristic
lesion in humans as well) described as an
“classic” peripheral giant cell granuloma, as
well as a number of open “collision”
peripheral giant cell granulomas, with
features of both a peripheral giant cell
granuloma and a fibromatous epulis of
periodontal ligament origin. In contrast to
the lesion in cats, peripheral giant cell
granulomas in the dog behave more like
fibromatous epulides of periodontal ligament
origin and seldom recur after excision.
Multinucleated cells in the canine lesion also
exhibits positive staining with tartrate-
resistant acid phosphatase (TRAP).

The ultimate diagnosis of this case
engendered spirited discussion. A number of
attendees identified osteoid amidst the
spindle cell population, favoring a diagnosis
of osteosarcoma in this case. Consultation
from the oral pathology human subspecialists
confirmed the lesion to a peripheral giant cell
granuloma; the presence of osteoid is not
uncommon in their experience. The presence
of large islands of dental and woven bone in
one area of the section, was attributed to
products of the extracted tooth and section of
manible surrounding it..
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Self-Assessment - WSC 2017-2018 Conference 11

1. Infection of which of the following mesenchymal cell most likely develops into tissue cysts of

Benoitia besnoiti?

a. Tissue histiocytes

b. Fibroblasts or myofibroblasts

c. Vascular endothelium

d. Lymphatic endothelium

2. Which of the following is NOT associate with the acute phase of besnoitiosis?

a.

b.
C.
d

Formation of tissue cysts

Orchitis

Generalized subcutaneous edema
Lymphadenopathy

3.  Which organ is the primary target for cowpox in the cat?

a.

b
C.
d

Lung

Mammary gland
Skin

Kidney

4. Which of the following viruses has been associated with Bowenoid squamous cell carcinoma in
the cat:?

a.

b
C.
d

Herpesvirus
Retrovirus
Polyomavirus
Papillomavirus

5. Giant cells in peripheral giant cell granuloma will stain with which of the following

immunohistochemical markers?

a.

b.
C.
d

Cytokeratin
TRAP

S-100
Synaptophysin

Please email your completed assessment to Ms. Jessica Gold at Jessica.d.gold2.ctr@mail.mil for grading. Passing score is
80%.This program(RACE program number) is approved by the AAVSB RACE to offer a total of 0.5 CE Credits, with a
maximum of 12.5 CE Credits being available to any individual Veterinary Medical Professionals for the 2017-2018
Wednesday Slide Conference. This RACE approval is for the subject matter categories of: SCIENTIFIC using the
delivery method of NON-INTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize

AAVSB RACE; however, participants are responsible for ascertaining each board’s CE requirements.

RACE does not “accredit”, “endorse” or “certify” any program or person, nor does RACE approval validate the content

of the program.
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CASE I: 065/Case 1 (JPC 4049888)

Signalment: Juvenile female common
marmoset (Callithrix jacchus).

History: Two juvenile common marmosets
(Callithrix  jacchus) from the German
Primate Center were presented to the
veterinarian. They showed depression,
pyrexia, anorexia, and multiple facial skin
ulcerations. Neither animal responded to
antibiotic and analgesic treatment and both
developed severe neurological signs
including clonic seizures, disorientation, and
circular movements before they died within
few days after disease onset.

Gross Pathology: Both monkeys revealed
multiple erosions and ulcerations of the facial
skin, especially at mucocutaneous junctions,
and on the tongue. Lingual lesions presented
as multifocal to coalescing dark red mucosal
indentations with distinct, variably raised
margins, measuring between 0.5 and 1 cm in

diameter, and sometimes covered by a
fibrinosuppurative exsudate. Besides severe
lymphadenopathy  of the  associated
mandibular and cervical lymph nodes and
mild splenomegaly, no other gross lesions
were detected.

Laboratory results: Brain, tongue and skin
tissues were positive for HHV1 antigen,
detected by immunohistochemistry

(particularly in  central neurons and
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Tongue, common marmoset: There are multifocal areas
of lingual necrosis, some with a raised white rim. (Photo
courtesy of: German Primate Center, Pathology Unit,
Kellnerweg 4, 37077 Gottingen, Germany, www.dpz.eu )



keratinocytes).Transmission electron
microscopy revealed numerous | herpes
virions with characteristic electron-dense
core, capsid and envelope in cutaneous
keratinocytes.

Microscopic Description:

Brain: Multifocally throughout the grey and
to a lesser extend in the white matter of
cerebrum, brainstem and cerebellum, there
are mild to moderate inflammatory foci,
either concentrated around blood vessels
(perivascular cuffing) or scattered within the
neuropil. The inflammatory infiltrate consists
of lymphocytes, histiocytes, neutrophils and
fewer plasma cells, often admixed with mild
karyorrhexis, karyolysis and pyknosis
(necrotic neutrophils). The affected neuropil
in addition reveals mild to moderate scattered
to nodular gliosis and several shrunken,
angular and hypereosinophilic neurons with
hyperchromatic nuclei (neuronal
necrosis).Within very few glia cells and
degenerate neurons, there are conspicuous
large basophilic intranuclear inclusions,
which marginate the chromatin. Perivascular
cuffing is often associated with mild
endothelial hypertrophy. Meningeal blood
vessels are often engorged with erythrocytes
(hyperemia) together with moderate to
marked intravascular stasis of leucocytes,
mainly neutrophils, and multifocal mild to
moderate perivascular inflammatory
infiltration as  previously  described.
Multifocally within the cerebral white matter,
there is also mild to moderate dilation and
vacuolation of Virchow-Robin spaces
(edema).

Tongue: There is multifocal to coalescing
ulceration of the lingual surface with the
extensively lost mucosal epithelium being
replaced by a thick serocellular crust
composed of fibrin, varying amounts of
viable and degenerate neutrophils and
multifocal coccoid bacterial colonies. In
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Brain, common marmoset: A section of cerebrum and
cerebellum/brainstem are submitted for examination.
There are no visible lesions at subgross examination.
(HE, 5X)

areas with less extensive ulceration,
circumvallate papillae are multifocally
expanded by intraepithelial clefts filled with
variable amounts of viable and degenerate
neutrophils, fibrin, edema, and few
acantholytic keratinocytes (vesicopustules).
Ulcerations and pustules are multifocally
flanked by groups of degenerate or necrotic
keratinocytes, often bearing large
eosinophilic to amphophilic, homogenous
intranuclear  inclusions  with  marked
margination of chromatin. The adjacent
epithelium is  mild to  moderately
hyperplastic, characterized by acanthosis and
intracellular edema. Fibrin, mild hemorrhage
and edema together with varying numbers of
neutrophils, histiocytes, fewer lymphocytes
and plasma cells moderately expand the
adjacent subepithelial connective tissue and
separate superficial skeletal muscle fibers
and individual myocytes.

Contributor’s Morphologic Diagnoses:
Central nervous system:

Cerebrum, cerebellum and brainstem:
Meningoencephalitis, lymphohistiocytic and
neutrophilic, multifocal, moderate, subacute




Brainstem, common marmoset: Within the brainstem
white matter, there are focal areas of gliosis with
formation of glial nodules as well as mild lymphocytic
perivascular cuffing. (HE, 100X) (Photo courtesy of:
German Primate Center, Pathology Unit, Kellnerweg 4,
37077 Gottingen, Germany, www.dpz.eu )

with neuronal necrosis, gliosis and very few
glial and neuronal homogenous basophilic
intranuclear inclusion bodies; common
marmoset (Callithrix jacchus), nonhuman
primate.

Tongue:
Glossitis, vesicopustular to ulcerative,

multifocal to coalescing, subacute, marked
with fibrinous to serocellular crusting and
epithelial  homogenous eosinophilic to
amphophilic intranuclear inclusion bodies;
common marmoset (Callithrix jacchus),
nonhuman primate.

Contributor’s Comment: Herpesviridae
are global pathogens of almost every
vertebrate species. In their natural hosts, they
do not cause fatal disease, but cross-species
infection can cause acute death %°,

Infection with Human Herpesvirus 1
(HHV1), an alphaherpesvirus, leads to mild
mucosal lesions or an inapparent course in
the natural host (human).>® Fatal
encephalitis and/or systemic disease can
occur in neonates or immune compromised
individuals.”** In humans, infection with
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HHV1 persists lifelong because of viral
latency in sensory neurons. When immunity
is compromised through stress or disease, it
becomes activated through suppression of the
latency-associated transcript gene.! It can be
shed even in the absence of visible lesions.

Several nonhuman primate species are
susceptible to infection with human
herpesviruses. Old World Primates like
gorillas (Gorilla gorilla), bonobos (Pan
paniscus), white handed gibbons (Hylobates
lar) and chimpanzees (Pan troglotydes), can
be naturally infected with HHV1. Although
single fatal disease outcomes have been
described,>® their virus-host relationship
seems to be similar to that in humans, as they
usually show only mild symptoms (lesions in
mucocutaneous tissue, skin, conjunctiva).t”

However, New World monkey species and
prosimians are highly susceptible to HHV 1
infections. 14>910 Typical lesions in these
species are erosions and ulcers of oral
mucous membranes, especially the tongue,
and mucocutaneous junctions of the lips.
Severe necrotizing hepatitis and multifocal
nonsuppurative meningoencephalitis often
occur in these species.>!® Thus, in cases of
ulcerative skin lesions in  nonhuman
primates, HHV1 has to be considered as a
possible cause and callitrichids represent a
highly susceptible species for HHV1
infections.

The exact route of transmission is unknown,
but likely occurs via direct mucosal contact,
wounds, saliva, maternal milk, contaminated
fomites and through airborne and waterborne
routes.® Additionally, direct transmission
from latently infected humans to their
monkey pets is described.

In the present case, possible sources of
virulent HHV1 are animal keepers or visitors.
HHV1 specific PCR can be used for
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Brainstem, common marmoset: Multifocally, brainstem
neutrons within areas of gliosis stain strongly positive for
human herpesvirus-1. ((Photo courtesy of: German
Primate Center, Pathology Unit, Kellnerweg 4, 37077
Gottingen, Germany, www.dpz.eu )

antemortem diagnostics to allow appropriate
treatment with antiviral drugs. Viral antigen
can be detected in histological sections of
lesions by immunohistochemistry and
Transmission electron microscopy can serve
as a useful tool to seek for viral particles.

Contributing Institution:
German Primate Center, Pathology Unit,
Kellnerweg 4, 37077 Gottingen, Germany

www.dpz.eu

JPC Diagnosis: 1. Tongue:  Glossitis,
necrotizing, focally extensive, moderate,
with ulceration, epithelial syncytia and
intranuclear viral inclusions.

2. Cerebrum and brainstem: Encephalitis,
necrotizing, multifocal, mild to moderate
with gliosis, perivascular cuffing, and rare
intranuclear viral inclusions.

JPC Comment:  The contributor has
provided an excellent overview of cross-
species herpesviral infection, in this case
human herpesvirus 1 (human simplex virus
1) and its devastating effects on New World
primates.
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Cross species infection by
alphaherpesviruses has been well known to
result in tragic circumstances, via zoonotic
and reverse-zoonotic (as seen here) means, as
well as between diverse animal species. A
review of the literature is replete with
interesting cases, some of which are
recounted here.

Perhaps the most famous case of interspecies
transmission of herpesvirus was described in
a case report by Albert Sabin, MD (who
would go on to develop the oral polio
vaccine) in 1932, who described an
ascending paralysis in an accomplished
young physician and research colleague
following a “monkey bite”. For many years,
this researcher was simply known as “W.B”,
while the agent isolated from his neural tissue
gained great renown as the “B virus” (now
known as macacine herpesvirus-1) which has
claimed 70% of its known victims over the
years due to fatal encephalitis. In 1985, that
young researcher’s name was finally
published, Dr. William Barlett Brebner
(1903-1932).12

Equine herpesvirus-1 (EHV-1) is a well-
known pathogen of horses that is known to
cause a wide range of disease in its natural
host, but may also result in disease in widely
disparate mammalian species as well. A
2011 article'® details fatal encephalitides
characterized by non-suppurative meningo-
encephalitis, which were shown to be caused
equine herpesvirus 1 in four black bears
(Ursus americanus), two Thompson gazelles
(Eudorcas thomsoni) and eighteen guinea
pigs (Cavia porcellus). In addition, a closely-
related herpesvirus, equine herpesvirus-9
(EHV-9), thought to have originated in the
plains zebra (Equus burchelli), has been
known to cause fatal encephalitis in polar
bears.? Pseudorabies  virus  (Suid
herpesvirus-1) is another alphaherpesvirus
with a wide host range. Primarily infecting
swine (who are the natural reservoir),
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Tongue, common marmoset: Nuclei of basal epithelium
of the lingual mucosa contain viral inclusions and rare
syncytia are present. (HE, 400X) (Photo courtesy of:
German Primate Center, Pathology Unit, Kellnerweg 4,
37077 Géttingen, Germany, www.dpz.eu )

secondary mammalian  hosts  abound,
including cattle, horses, dogs, mink, and cats.
Human infection, although possible in
immunocompetent humans has been limited
to non-fatal conditions.

One final tragic cross-species herpesviral
infection has resulted in the depth of over 100
young captive and wild Asian elephants from
a rapid-onset, acute hemorrhagic disease
caused primarily by multiple distinct strains
of two closely related chimeric variants of a
novel herpesvirus species designated
elephant  endotheliotropic  herpesvirus
(EEHV1A and EEHV1B). These and two
other species of Probosciviruses (EEHV4
and EEHV5) are evidently ancient and also
result in commonly asymptomatic infections
of adult Asian. Although only a few similar
cases have been observed in African
elephants, they harbor similar viruses—
EEHV2, EEHV3, EEHV6, and EEHV7—
have been isolated in African elephants in
lung and skin nodules or saliva. For reasons
not yet understood, approximately 20% of
Asian elephant calves appear to be
susceptible to the disease when primary
infections are not controlled by normal innate
cellular and humoral immune responses.®
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CASE 11 V13-12663 (JPC 4039359)

Signalment: Four year old female, Angus
cow, Bos taurus,

History: The owner moved a herd of about
60 cattle from a pasture that was getting short
of grass and water to an adjacent pasture with
a separate water source. The environmental
temperature for the time period was over 90°
Fahrenheit (32° Celsius). The cattle had been
on this pasture in the past. Two days after
moving the cattle, two cows had died, two
cows were recumbent and could not stand,
and 11 head of cattle were staggering when
walking. The two recumbent cows and
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Cerebrum, ox. There are multifocal areas of malacia
within the cortex. (Photo courtesy of: NMDA Veterinary
Diagnostic Services, http://www.nmda.nmsu.edu/vds/)

eventually the 11 head of cattle that were
staggering showed neurologic signs of
blindness and “seizures” as described by the
owner. All of these cattle with neurologic
signs eventually died. In total, the owner lost
15 head of cattle. The owner had lost 22 head
of cattle with a similar scenario about 3 years
prior to this loss of cattle. The horses on the
pasture were healthy with no clinical signs of
illness.

Gross  Pathology:  The  submitting
veterinarian performed the postmortem
examination with no significant gross
findings. He submitted fresh and fixed tissues
for examination. Upon arrival at the
diagnostic laboratory, the fresh tissues were
severely autolyzed. In the fixed brain, there
were light yellow areas of malacia in the
cerebral gray matter that fluoresced when
placed under an ultraviolet light with a
wavelength of 365 nm.

Laboratory results: The water on the
pasture was determined to be of unsuitable
quality and possibly toxic for cattle with a
sulfate concentration of at least 4000 mg/L
(ppm), which is the upper reference limit for
sulfate at the laboratory testing the water.


http://www.nmda.nmsu.edu/vds/

Microscopic Description:

The cerebral gray matter of the brain
contained multiple foci where the neuropil is
pale-staining and vacuolated with prominent
vasculature with swollen endothelial cells.
The affected areas tend to involve the deep
and middle lamina associated with the sulci,
but often extend to the superficial lamina and
extend up to the middle of the gyri. Within
the affected foci, the neurons are often
necrotic and are  shrunken  and
hypereosinophilic with angular borders and
dark pyknotic nuclei. There are occasional
areas in the affected foci and associated
leptomeninges where there are perivascular
infiltrates of small numbers of macrophages,
lymphocytes, and glial cells.

Contributor’s Morphologic Diagnoses:
Brain,  cerebrum, gray  matter -
Polioencephalomalacia

Contributor’s Comment: Necrosis of the
neurons in the lamina of the cerebral gray
matter in cattle can be caused by sulfur
toxicosis, thiamine deficiency, water
deprivation/sodium ion toxicosis, lead
intoxication, and ischemia/anoxia.>* The
polioencephalomalacia in this case was most
likely the result of sulfur toxicosis.

When calculating the sulfur content within
ruminant diets, all sources including
feedstuffs and water need to be considered
and calculated into the total dietary
consumption of sulfur.?? The dietary
requirement of sulfur in beef cattle diets is not
well defined. According to the National
Research  Council, the recommended
concentration of sulfur in beef cattle diets is
1500 ppm with 4000 ppm being the
maximum tolerable limit for sulfur in the
diet.> Thus, a 1000 pound (454 kg) cow
consuming approximately 2% body weight of
feed (9.08 kg) daily would have a maximum
tolerable daily limit of 36.32 g of sulfur. At
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90° F (32° C), it is estimated that a 454 kg
cow would consume 20.6 gallons (78.0 liters)
of water per day. In this case, the water
contained at least 4000 mg/L sulfate. Thus,
the cow consumed an estimated 104 g of
sulfur in the water, which is almost 3 times
the recommended tolerable daily limit of
sulfur in the beef cattle diet.

The pathogenesis of how sulfur results in
neuronal necrosis is not well defined. In the
rumen, the excess sulfur is converted to
hydrogen sulfide gas, which can be found in
the rumen gas cap.>* There is evidence that
sulfide inhibits cellular respiration, which
could result in neuronal hypoxia sufficient
enough to result in neuronal necrosis.?
However, some have theorized that sulfite
(an intermediate in the reduction of sulfate)
cleaves thiamine into pyrimidine and thiazole
rendering thiamine inactive thereby resulting
in thiamine deficiency.*

Contributing Institution:

NMDA Veterinary Diagnostic Services,
http://www.nmda.nmsu.edu/vds/

Cerebrum, ox. There is segmental areas of laminar
necrosis within the deep laminae of the cerebral cortex.
(HE, 6X)


http://www.nmda.nmsu.edu/vds/

JPC Diagnosis:  Cerebrum: Necrosis and,
cortical, laminar, multifocal to coalescing,
with cavitation, spongiosis and gliosis.

JPC Comment: The contributor provides a
concise yet thorough review of sulfur-
induced polioencephalomalacia (PEM) in
cattle. Although the first reports of PEM were
published in the early 1900s, it was not until
the 1970s that thiamine, or more properly its
deficiency, was identified as a cause. Sulfur
was first linked to PEM in the 1980s, when it
was linked to the gypsum (calcium sulfate)
added to cattle reactions to control feed
intake would cause cerebral lesions, and its
removal, decrease the incidence of PEM.
While an interaction with thiamine was
initially suspected, it is now known that PEM
may be caused by the direct action of excess
dietary sulfur independent of thiamine
status.®

Thiamine, or vitamin B; is a dietary
requirement in carnivores (unlike in
ruminants, where it is produced via rumen
microbes). Deficiency in carnivores may be
the result of starvation or eating a diet high in
finish that contains thiamine-splitting
enzymes. High levels of sulfur in the diet
may also destroys thiamine after it is
metabolized into sulfate. As opposed to
ruminants in which necrosis is generally seen
within the cerebrum, the necrosis seen in
carnivores on thiamine-deficient diets is seen
in the primarily seen in basal areas including
nuclei of the caudal -colliculi, medial
vestibular nuclei and the periventricular gray
matter. The term “Chastek paralysis” applied
to this constellation of lesions was coined in
the 1930’s with the first outbreak of the
condition in silver foxes on the Chastek fur
farm in Minnesota. The outbreak, which
killed a third of the farm’s population of
silver foxes, was linked to the feeding of
fresh fish.
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Cerebrum, ox. At the edges of cavitation, neurons are
dark, angular, and necrotic. (HE, 291X)

Thiamine encephalopathy is also well known
in human medicine, where it is referred to as
Wernicke’s encephalopathy. First described
by Carl Wernicke in 1881, the condition is
often seen in long-term alcoholics.
Wernicke’s original cases initially underwent
a subacute course of fatigue, unsteadiness,
photophobia, vomiting, and weight loss.
Initial neurologic syndromes manifested as
acute gaze palsies, somnolence, and waxing
and waning levels of orientation. These
patient’s rapidly deteriorated into stupor and
died within 7-14 days of admission, as
thiamine was not discovered either as a
vitamin or as the cause of this illness, during
Wernicke’s lifetime.® The lesions of
Wernicke’s encephalopathy are similar to
those seen in carnivores with Chastek
paralysis, with bilaterally symmetrical
lesions of the periventricular and
periaqueductal gray matter, and the
mammillary bodies.?

Another very interesting manifestation of
thiamine deficiency is that of Alaskan Husky
encephalopathy.® This lethal syndrome in
Huskies is associated with a mutation in the
SLC19A3.1 gene which encodes a thiamine
transporter-2 with a predominantly central
nervous system distribution.  This brain-
specific thiamine deficiency ultimately leads
to mitochondrial dysfunction and increased



oxidative stress in certain areas of the brain.
Affected Huskies present with seizures,
altered mentation, dysphagia, central
blindness, hypermetria, and proprioception
positioning deficits. Cavitary lesions are
present in the thalamus, and smaller lesions
are often present in the putamen, claustrum,
and that the junction of the gray and white
matter in the cortex, brainstem, and midline
cerebellar vermis.®

From a terminology point of view, the
moderator reminded the group that the term
“cortex” should be applied to the cerebral
gray matter and does not include the
underlying white matter. There are six levels
to the cortex (which are best seen in man and
non-human primates).
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CASE 111 111474 (JPC 4084217)

Signalment: 7-year-old, male castrated, Shih
Tzu dog (Canis familiaris)

History: A 7-year-old, male castrated, Shih
Tzu dog was referred to the Cornell
University Hospital for Animals for acute
neurologic signs after 4 episodes of vomiting.
The dog had a 4-5 year history of polyuria
and polydipsia (PU/PD).

After vomiting overnight, the following day
the dog showed signs of lethargy and ataxia
which progressed to disorientation and lateral
recumbency. The dog was brought to the
referring veterinarian where blood work
showed > 180 mmol/ul of sodium [144-160
mmol/pl]. Initial fluid therapy consisting of
lactated Ringer's solution (LRS) was
administered (unknown dose); however, the
dog began head pressing. Furosemide (5
mg/kg) was administered. Soon after the
patient had a focal seizure and received an
additional 4 mg/kg of furosemide. The dog
was referred to Cornell University Hospital
for Animals’ Emergency Service. He had an
additional seizure during transit.

On examination, the patient was stuporous,
hyperthermic (104.6 F), and tachycardic (200
bpm) with a weak femoral pulse. The patient
was approximately 9% dehydrated and had
tacky, injected mucous membranes with a
capillary refill time of 1 second. The initial
blood pressure was 97/24 with a mean of 43.



Anisocoria was present (meiosis OD). A
neurologic consultation revealed a forebrain
neurolocalization. The patient was
recumbent with an absent menace response
and nasal sensation, bilaterally. Pro-
prioception was absent in all four limbs with
intact spinal reflexes. No head or neck pain
was noted.

Point of care blood work (PCV, total solids
and venous blood gas) revealed severe
hypernatremia (182 mEqg/L; 140-154
mEg/L) and hyperchloridemia (134 mEq/L;
104-119 mEg/L) with normokalemia (3.04
mEq/L; 3.8-5.4 mEq/L).

Cerebrum, dog. (Section at the level of the rostral
commissure.) Lesions are minimal at subgross
examination. (HE, 4X)
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The patient was started on a custom fluid
containing 175 mEg/L of sodium. A recheck
of venous blood gas analysis revealed sodium
of 191mEqg/L. On the bases of the history,
physical  examination  findings, and
biochemical abnormalities, central diabetes
insipidus was suspected. Fluid therapy was
changed to a hyponatremic solution and with
continued fluid adjustments and
subcutaneous administration of 1mcg/kg of
desmopressin, the serum sodium decreased to
177.7 mEqg/L over the course of 12 hours.
The patient’s mental status remained
unchanged with an additional seizure. MRI
revealed bilateral grey matter swelling
characterized by a reduced size of the
subarachnoid space, effacement of the sulci
and compression of the adjacent white matter
tracts consistent with moderate, diffuse,
cerebral edema, which was primarily
cytotoxic.

The sodium level improved steadily over the
48 hours of hospitalization and fluid therapy
and there was a transient improvement of
mentation, but the patient became
bradycardic and nonresponsive to atropine
and experienced cardiac arrest. No
cardiopulmonary resuscitation efforts were
made at the request of the owner.

Gross  Pathology:  The  submitting
veterinarian performed the postmortem
examination with no significant gross
findings. He submitted fresh and fixed tissues
for examination. Upon arrival at the
diagnostic laboratory, the fresh tissues were
severely autolyzed. In the fixed brain, there
were light yellow areas of malacia in the
cerebral gray matter that fluoresced when
placed under an ultraviolet light with a
wavelength of 365 nm.

Laboratory results: The sodium level of the
brain tissue was 13,850 ppm (reference

10
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Cerebrum, dog. There is segmental laminar necrosis, edema, and gliosis of the middle and deep laminae of the cortex. (HE,

154X)

interval, calculated on a dry matter basis,
6000-8000 ppm).

Microscopic Description:

Brain, cerebral cortex: Diffusely, the blood
vessels throughout all the sections are
prominent, severely congested, lined by
plump, reactive endothelial cells, and
occasionally surrounded by small numbers of
macrophages and fewer lymphocytes,
hemorrhage, and fibrin within the Virchow-
Robbin space. In the neuropil are scattered
pyknotic and karyorrhectic cellular debris,
most frequent in the mid to deep cerebral gray
matter. In this area, there are frequent
necrotic  neurons: 1) angular with
hypereosinophilic, variably microvacuolated
cytoplasm that lack Nissl substance, with a
smudgy nucleus without a nucleolus, or 2)
appear as faint angular eosinophilic shadows
of ghost neurons that lack a nucleus. The
necrosis is most prominent in the mid to deep
cerebral gray matter, while the perivascular

cuffing, vascular branching, and perivascular
fibrin and hemorrhage are most prominent in
the caudate nucleus.

Pituitary gland (image not included): The
pituitary gland is severely distorted by
multifocal to coalescing cysts replacing and
expanding 60% of the pars distalis, most of
the pars intermedia, and 10% of the pars
nervosa. The cysts are filled with variably
eosinophilic,  fibrillar to homogenous
material, and lined by attenuated to low
columnar, pseudostratified ciliated
epithelium.

A variety of immunohistochemical and
histochemical stains were applied to the brain
sections. All positive and negative controls
were adequate.

Microtubule associated protein 2 for neurons

(MAP2) demonstrated strong but infrequent
cytoplasmic immunoreactivity of the soma
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Cerebrum, dog. Neurons multifocally exhibit ischemic
damage characterized by variable amounts of swelling,
pallor (degeneration), fading, and pyknosis (necrosis).

(HE, 308X)

and  moderate  immunoreactivity  of
cytoplasmic processes in neurons of the mid
to deep cerebral gray matter indicative of
neuronal necrosis. An image of a positive
control from a normal dog is included as an
inset. In this image, the neuropil exhibits
widespread moderate immunoreactivity with
moderate to strong immunoreactivity of the
neuronal soma and processes. The internal
negative control is adequate highlighted by
the negative glial cells and blood vessels.

Glial fibrillary acidic protein (GFAP) for
astrocytes highlights the well-demarcated
cortical laminar necrosis affecting the mid to
deep gray matter with very few remaining
astrocytes in this area.
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Olig2 for oligodendrocytes maps the GFAP
in the mid to deep gray matter.

lonized calcium binding adaptor molecule 1
(Ibal) for microglia and histiocytes in the
affected mid to deep cerebral gray matter
revealed three different populations of
microglia . The first population is round,
ameboid, or nonramified with strong
cytoplasmic immunoreactivity interpreted as
reactive microglia. The second population is
stellate or ramified with strong cytoplasmic
immunoreactivity interpreted as quiescent
microglia. The third is a background
population of small and round microglia and
exhibits weak cytoplasmic immunoreactivity
and were considered degenerate. Note
perivascular ~ mononuclear  cells are
predominantly macrophages.

Contributor’s Morphologic Diagnoses:
Brain: Severe, acute, cortical laminar
necrosis with reactive microgliosis, reactive
endothelium, histiocytic perivascular
cuffing, perivascular hemorrhage and fibrin
exudation

Contributor’s Comment: Hypernatremia is
an infrequently encountered condition in
dogs caused by decreased body fluid or

Cerebrum, dog. (Left) Non-occlusive thrombi are present scattered throughout the section. Vessels are cuffed by low to
moderate numbers of lymphocytes and macrophages. (Right) There are rare ring hemorrhages. (HE, 308X)
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sodium gain.'* Causes of hypernatremia
include diabetes insipidus, insensible loss
such as hyperventilation or fever'*, lack of
water intake due to hypothalamic defect
resulting in a defective thirst response,t
iatrogenic administration of hypertonic saline
or sodium bicarbonate or consumption of
high salt content material,® and decreased
renal excretion of sodium due to
hyperaldosteronism.?

In a recent retrospective study, the three most
common causes of severe hypernatremia in
dogs were central diabetes insipidus,
alimentary loss, and fever/hyperthermia.t
Central diabetes insipidus (CDI) is
characterized by diminished activity or lack
of the antidiuretic hormone (ADH) due to
damage of neuroanatomic sites involved in
ADH secretion including the
neurohypophysis,  hypothalamic  osmo-
receptors, the supraoptic or para-ventricular
nuclei, or the superior portion of the
supraopticohypophyseal tract.!? Underlying
causes include vascular, autoimmune,
infection, drugs, surgery, trauma, benign or
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Cerebrum, dog. Glial fibrillary acidic protein (GFAP) for
astrocytes highlights the few remaining astrocytes in
areas of necrosis. (anti-glial fibrillary acidic protein,
400X). (Photo courtesy of: Cornell University, College of
Veterinary Medicine, Department of Biomedical Sciences,
Section of Anatomic Pathology, Ithaca, New York,
http://www.vet.cornell.edu/biosci/pathology/)
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metastatic pituitary-hypothalamic tumors.
Patients with a normal thirst mechanism and
free access to water generally do not present
clinically; however, when water intake is
restricted, hypernatremia occurs.! In this
case, the central diabetes insipidus was
attributed to craniopharyngeal duct cysts and
predisposed this dog to  severe
hypernatremia.  However, given the
widespread, severe lesions of the brain, the
aggressive fluid therapy likely contributed to
the severe histologic lesions.

Clinically, hypernatremia primarily affects
the central nervous system and rapid changes
in plasma sodium concentrations can cause
severe, permanent, and lethal brain injury.?
The pathogenesis of these lesions is due to the
failure to retain brain osmolarity. As the
plasma osmolarity decreases with fluid
therapy when these cases are recognized, the
brain osmolarity fails to decrease at a similar
rate due to failure of idiogenic osmoles to
dissipate leading to cerebral edema.

Salt toxicity and water deprivation and its
histologic features have been widely
documented in other domestic animals
including pigs, poultry, and ruminants.® Most
cases are caused by indirect salt poisoning
which occurs when consumption of high
levels of salt, followed by water deprivation,
and then excessive water consumption
occurs.® Direct salt poisoning is in general
rare, but primarily has been reported in
cattle.”® The histopathologic lesions shared
across these species include cerebral cortical
laminar necrosis, perivascular mononuclear
cuffing, and cerebral edema.® Indirect salt
poisoning in pigs is a well-known pathologic
characterized by eosinophilic meningitis and
perivascular eosinophilic cuffing.*®

Neuropathologic alterations of

hypernatremia in the dog have mostly been
extrapolated from human and rodent studies
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Cerebrum, dog. Microtubule-associated protein 2, a neuron stain, d
neurons in the affected area. A positive control (normal cerebrum) is presented as the inset. (anti-
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histologic

changes that can
.-+ be seen in dogs
w0 with

hypernatremic

encephalopathy
which includes 1)
cortical laminar

S N

Necrosis, 2)
reactive and
necrotic

endothelium with
perivascular
histiocytic
cuffing, edema,
fibrin, and
hemorrhage, 3)
reactive
microgliosis, 4)

wfe o Lo z
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s %
emonstrates the

MAP2, 600X). (Photo courtesy of: Cornell University, College of Veterinary Medicine, Department  \white matter

of Biomedical Sciences, Section of Anatomic Pathology, Ithaca, New York,

http://www.vet.cornell.edu/biosci/patholoqy/)

with only brief descriptions in the literature.
Most of the histologic description in canine
cases has been quite variable. Cerebrocortical
neuronal  necrosis  with  symmetrical
encephalomalacia of the brain stem has been
reported in a dog diagnosed with pituitary-
dependent hyperadrenocorticism that was
euthanized due to hypernatremia 4 weeks
post hypophysectomy.® Neuronal
degeneration and astrocytosis of the thalamus
and hypothalamus has been reported in a
young dog with hypodipsic hypernatremia.*
In a case of acute salt toxicity by ingestion of
salt-flour mixture used as clay, diffuse white
matter  vacuolation  with  occasional
perivascular cuffing by necrotic
hyperchromatic mononuclear leukocytes
with a thin ring of hemorrhage was observed
with no evidence of axonal or neuronal
necrosis.®

vacuolization,
and 5) Purkinje
cell necrosis. In the absence of relevant
history, toxic-metabolic encephalopathies or
global ischemic encephalopathy where
widespread bilateral ischemic damage can
occur in anesthetic deaths, cardiac arrest,
severe anemia, hypotension, hypovolemic
shock, and neonatal maladjustment syndrome
may be considered. In this case, the sudden
and aggressive ion alterations likely account
for the brain lesions and the neurologic signs.
In conclusion, severe hypernatremia should
be considered as a differential in dogs with
cortical laminar necrosis.

Contributing Institution:

Cornell University, College of Veterinary
Medicine, Department of Biomedical
Sciences, Section of Anatomic Pathology,
Ithaca, New York, USA
http://www.vet.cornell.edu/biosci/pathology/
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JPC Diagnosis: Cerebrum: Necrosis,
cortical, laminar and segmental, multifocal to
coalescing, with gliosis.

JPC Comment: The contributor provides an
excellent review of hypernatremia in the dog.
To add to the extensive list of differentials for
polioencephalomalacia in the dog, other
potential causes to be considered in the dog
include lead, cyanide,thiamine deficiency,
hypoglycemia, canine distemper infection,
head trauma, cardiac arrest, and following
portosystemic shunt ligation.® Seizure
activity has been documented to result in
cortical damage in man and domestic and
experimental animals, and the moderator
discussed the possibility of this being the root
cause of the laminar cortical necrosis in this
animal ®
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Cerebrum, dog. IBA1 stain for microglia and histiocytes demonstrates strongly staining reactive
and quiescent glia as well as weakly positive degenerating microglia. (anti-MAP2, 600X).
(Photo courtesy of: Cornell University, College of Veterinary Medicine, Department of
Biomedical Sciences, Section of Anatomic Pathology, Ithaca, New York,

http://www.vet.cornell.edu/biosci/patholoqy/)
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One of the classic symptoms of salt toxicity
in affected animal species is blindness. In a
previous WSC case of salt toxicity in a
Vietnamese potbellied pig (WSC 2012-2013,
Conference 21, Case 1), resulting from eating
potato chips (this has been reported several
times in the literature!), blindness was a long-
term sequela following hospitalization and
treatment and ultimately resulted in his
euthanasia. While a number of changes occur
in the brain following the development of
hypernatremia and hyperosmolarity and may
result in dysfunction of the optic pathway,
equally severe and irreparable changes also
result in the globe. Following ingestion of
diet with 3% salt concentration (the
minimum concentration associated with
changes in the globe) for 3-4 days, the
following ocular changes were noted in study
- .. Digs, rats, and rabbits

X - conjunctival

T injection,  corneal
4 - and lens opacities,
sk s . . swelling of the optic

. e disc, blindness,
e . 7~ ==s- vitreous  collapse,
y " and ultimately
¢ progress to phthisis

r bulbi. Due to
hyperosmolality,

fluid loss from the

L

o vitreous resulted in
~ -~ vitreous shrinkage
. resulting in vascular
: - damage, retinal and
w €, vitreous
R - hemorrhage,
"f““-u . 4 . .
oy - " { posterior vitreal
&£ e i »
G LA detachment,  and
A . e -
(Y = -y retinal detachment.®

This suggests that
while many of the
CNS signs in salt-
intoxicated animals
may resolve with
successful therapy to
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combat hyperosmolality, the changes in the
eye may be irreversible and blindness, if
present, permanent.

In the hospitalized dog and cat,
hypernatremia is associated with a significant
decrease in prognosis.t® Case fatality rates of
dogs and cats with hypernatremia was 20.6
and 28.1% respectively compared to 4.4 and
4.5% with a normal blood or serum sodium
concentration. In a review case histories in
this study, 50% of the dogs and 38.5% of cats
presented with hypernatremia, and the
remaining animals developed hospital
acquired hypernatremia.
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CASE 1V 16H94455 or blank (JPC 4100730)

Signalment: Canine, Golden Retriever, 0.5
years old, male

History: This dog was purchased through a
breeder at 7 weeks of age. At around 4
months of age, the dog started having
uncontrolled watery—mucoid diarrhea that
was large volume and frequent. He was
placed on Metronidazole and Proviable and
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Cerebrum, dog. Subgross examination of a coronal
section from the area above the pyriform lobe shows no
abnormalities. (HE, 5X)

needed to stay on the medication as diarrhea
would return when the drugs were not used.
The dog was diagnosed with carpal flexure
deformity at 3 months of age. Radiographs of
the cervical spine and hips revealed mild hip
dysplasia and shortened distal cervical
vertebral bodies. The dog developed urinary
accidents (normal volume) at home. On
presentation to lowa State University
Teaching Hospital, the dog had lateral
strabismus, vertical nystagmus, ataxia that
was worse in hindlimbs with normal reflexes
and placement and hopping, head tremor, and
rectal mucosa felt very irregular on rectal
palpation. The owner did not allow many
additional tests; only creatine kinase, which
was mildly increased at 378, and blood smear
which  showed possible granules in
lymphocytes.  The  dog’s  condition
deteriorated over a week and was euthanized.

Gross Pathology: Small intestine: A small
number (approximately 10) of 2—5 cm in
length and 2 mm in diameter, white, elongate
nematodes with tapered ends (roundworms)
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were present multifocally within the small
intestinal lumen.

Laboratory results: Hepatic B-
hexosaminidase A (HexA) enzyme activity
was assayed. Enzyme activity levels were
increased compared to the normal canine
liver standard.

Electron microscopy was performed on
sections of brain. The vacuoles appeared as
round to ovoid membrane bound bodies with,
most frequently, internal concentric whorls
of membrane with a periodicity of 6-8
nanometers.

Microscopic Description:

Spinal cord (cervical; thoracic;lumbar,
sacral): AIll spinal cord segments are
similarly affected. Diffusely, neurons are
variably expanded by abundant finely
vacuolated  cytoplasm,  which  often
peripheralizes the nucleus and Nissl
substance. Multifocal neurons contain larger
vacuoles, up to 8 microns in diameter,
containing pale eosinophilic material. Some
neurons contain both foamy microvacuolated
cytoplasm and larger vacuoles. Glia appear
unaffected. White matter and nerve rootlets

S TR Ol TRk e B e

Cerebrum, dog: Neurons are swollen up to 50um due to
by abundant vacuolated cytoplasm that often
peripheralizes the nucleus and Nissl substance. (HE,
400X) Cerebrum, dog: Neurons are swollen up to 50um
due to by abundant vacuolated cytoplasm that often
peripheralizes the nucleus and Nissl substance. (HE,
400X)
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contain scattered dilated and often empty
axon sheaths. Meninges, blood vessels — no
specific pathologic findings.

Brain: thalamus, hippocampus; level of
caudate nucleus; cerebrum; midbrain;
cerebellum; rostral cerebral cortex; pons:
diffusely, neurons are moderately to
markedly expanded by similar micro-
vacuolated  cytoplasm,  which  often
peripheralizes the nucleus and occasionally
extends into and expands proximal processes.
Infrequently, neurons also contain larger
vacuoles up to 8 microns in diameter.
Microglia are subjectively increased in
number. There is rare neuronal necrosis, and
rare (two) blood vessels are cuffed by few
lymphocytes. White matter is mildly
vacuolated with occasional spheroids and
few vacuolated cells (small neuron or
astrocyte morphology). Neuronal

i :_I{* i, ; -f‘
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vacuolation in diencephalon and brainstem
nuclei is especially pronounced. The caudate
nucleus is regionally strikingly hypercellular
with vascular proliferation and gliosis —
extant neurons are similarly vacuolated.
Purkinje cells are similarly vacuolated; PC
density appears normal. Cerebellar nuclei are
hypercellular with marked gliosis, similarly
vacuolated neurons, and moderate numbers
of spheroids in white matter tracts. Meninges,
blood vessels — no specific pathologic
findings.

Eye: Retinal ganglion cells are similarly
enlarged and vacuolated with margination of
the nucleus.

Intestine (duodenum, colon): Myenteric and
submucosal plexus neurons occasionally
appear enlarged with microvacuolated clear

Cerebrum, dog: There are numerous swollen axons (spheroids) (black arrows) within the white matter and occasional dilated
myelin sheaths containing cellular debris (digestion chambers) (green arrow). (HE, 400X)
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to eosinophilic cytoplasm with marginated
nuclei.

Urinary bladder: Ganglion cells within the
bladder wall are similarly enlarged and
vacuolated.

Liver: Diffusely, hepatocytes contain coarse,
coalescing vacuoles with ragged margins.

Mesenteric ganglion: Ganglion cells are
markedly distended by similar
microvaculated cytoplasm as described
above.

No significant microscopic changes were
identified in the following tissues: kidney,
colon, skeletal muscle (rare protozoal cysts),
ileum, cecum (advanced mucosal autolysis),
trachea, sciatic nerve, prostate, testis, tongue,
heart, lung (marked congestion with RBC
extravasation), spleen (moderate to advanced
autolysis), thymus, thyroid gland, adrenal
gland, pituitary (pars distalis), mandibular
salivary gland.

Contributor’s Morphologic Diagnoses:
Brain, spinal cord, mesenteric ganglia:
Neuronal cytoplasmic vacuolation, diffuse,
moderate to severe.

Retina: Retinal ganglion cell vacuolation,
cytoplasmic, diffuse, moderate.

Small intestine: Mild endoparasitism
(roundworms)

Contributor’s Comment: Lysosomal
storage diseases (LSD) are inherited (often
autosomal recessive) or acquired (from
ingested plant or other toxins) disorders that
result in accumulation of macromolecules in
lysosomes due to defective catabolism.?
Most are due to deficient or inactive
hydrolytic enzymes or defects such as
inactive proteins, impaired posttranslational
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processing, lack of enzyme activator, lack of
substrate and lack of transport proteins.
Types of LSDs of veterinary importance
include: Sphingomyelin lipidosis (e.g., GM1
and GM2 gangliosidosis and globoid cell
leukodystrophy), glycoproteinoses (alpha
and beta mannosidosis, I-fucosidosis),
mucopolysaccharidoses (MPSI, MPSII, MPS
I, VI, and VII), glycogenoses (alpha 1, 4
glucosidase),  and neuronal  ceroid
lipofuscinoses (infantile, late infantile,
juvenile, and adult variants).

Microscopic changes in this dog were
consistent with a lysosomal storage disease.
Vacuolation was predominantly, if not solely,
intraneuronal affecting the central and
autonomic nervous systems, and retina.
Hepatocellular vacuolation was also present,
but vacuole morphology appeared more
consistent with glycogen than a storage
disease enzyme product. Biochemical and/or
genetic testing is required for diagnosis of the
specific type of LSD.

By electron microscopy, vacuoles appeared
most commonly as concentric lamellated
inclusions, most  typical of the
gangliosidoses. Restriction of disease to the
nervous system in this case makes a GM2-
gangliosidosis more likely. GM2
gangliosidoses reported in animals include
Tay-Sachs/variant B (caused by HEXA
mutations), Sandhoff/variant 0 (HEXB
mutations), and GM2 activator
deficiency/Variant AB (GM2A mutations).
The finding of increased HexA activity in this
case is inconsistent with Tay-Sachs and
Sandhoff. In the AB variant, hexosaminidase
activity is retained, but there is deficiency of
an activator protein (GM2A) that is required
for degradation of GM2 ganglioside by
HexA. The AB variant has been reported in a
Japanese Spaniel.® Additionally, a novel
HEXA missense mutation has been recently
identified in Japanese Chin dogs that have a
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Cerebrum, dog: Microglia also are also expanded by abundant vacuolated cytoplasm (arrows). (HE, 400X)

phenotype similar to the AB variant.® DNA
was isolated from this dog and is being tested
for known LSD mutations.

Contributing Institution:
https://vetmed.iastate.edu/vpath

JPC Diagnosis: Cerebrum: Neuronal and
glial vacuolation, diffuse, marked, with
gliosis.

JPC Comment: GM2 ganglioside is a cell
membrane glycolipid which is catabolized by
the action of N-acetylyhexosaminidase and
GM2 activator (GM2A) protein. N-
acetylyhexosaminidase exists as a dimer in
two forms, hexosaminidase A and
hexosaminidase B. Improper functioning of
either one of these subunits, or GM2A,
results in accumulation of GM2 gangliosides
in the lysosomes of neurons leading to a
progressive deterioration of the central

nervous system (GM2 gangliosidosis,
monosialoganglioside gangliosidosis). Tay-
Sachs disease of humans is a GM2
gangliosidosis caused by a mutation in the
HexA gene and deficienct production of the
hexosaminidase A dimer, while Sandhoff
disease is caused by mutation of the Hex B
gene and deficiency of both hexosaminidase
A and B dimers.* GM2 gangliosidosis has
been previously described in toy poodles,
German shorthaired pointers and Japanese
Spaniel dogs, domestic short haired and
Korat cats, Jacob sheep, Yorkshire pigs, and
Muntjak deer.

Three forms of GM2 gangliosidosis are
defined based on the age of onset and
subsequent disease severity a) infantile
(classical), b) juvenile, and c) adult onset (a
more heterogeneous progression. The most
frequent initial signs are developmental
arrest, abnormal startling responses, and low
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muscle tone, ultimately progressing to
seizures, blindness, and coma. Gross lesions
in affected animals may include
macrocephaly, cortical atrophy, broadening
of gyri and shallow sulci. 4 Histologic lesions
include  neuronal  vacuolation  with
displacement of Nissl substance. As
gangliosides figure prominently in synaptic
transmission, spheroids may be numerous in
white matter, as seen in this case.
Cytoplasmic vacuolation may be seen in
other cells throughout the body including
hepatocytes, leukocytes, renal tubular
epithelium, pancreatic acinar cells, and
corneal stromal cells (corneal clouding has
been identified grossly in Portuguese water
dogs and cats).

Recent therapeutic studies in treatment of
feline GM2-gangliosidosis cats resembling
Sandhoff’s disease have shown promise in
ameliorating the signs of disease and
extending life span. Treatment requires
intrathalamic or intraventricular injection of
an adenovirus associated virus vehicle
encoding both the human HEX A and HEX B
genes. Sandhoff-type cats were treated
between 4 and 6 weeks of age prior to the
onset of clinical signs. Treated cats in this
study demonstrated increase Hex activity up
to 4-fold, had twice the life-span of untreated
cats, and demonstrated up to 90% decreased
GM2 ganglioside storage in all CNS regions
analyzed.!

The attendees noted that in the submitted
sections of slides, it appears that microglia
cells are also swollen by vacuolated
cytoplasm, which is not inconsistent with a
clinical diagnosis of GM2-gangliosidosis, in
which  vacuolation ~ of  perivascular
macrophages and glial cells has been
described.
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Self-Assessment - WSC 2018-2019 Conference 12

1. Which of the following is most likely to develop encephalitis following infection with human
herpesvirus-8 (HHV-8)?
a. Gorilla

b. Golden lion tamarin
c. White-handed gibbon
d. Can of Campbell’s soup

2. Which of the following is considered the reservoir species for pseudorabies?

a.

b
C.
d

Dogs
Bats
Swine
Birds

3. Which of the following is NOT considered a potential cuase for Polioencephalomalacia in the
ruminant?

a.

b
C.
d

Sulfur toxicosis
Copper toxicosis
Lead toxicosis
Water deprivation

4. Which of the following is a classic symptom of salt toxicity in domestic species?

a.

b
C.
d

Anosmia
Deafness
Blindness
Gangrene of the extremities

5. Which of the following diseases is characterized by the accumulation of cytoplasmic clear

vacuoles primarily in neurons?

o 0 T o

Ceroid lipofuscinosis
Beta mannosidosis
GM2-gangiosidosis
Mucopolysacchidosis 1

Please email your completed assessment to Ms. Jessica Gold at Jessica.d.gold2.ctr@mail.mil for grading. Passing score is
80%.This program(RACE program number) is approved by the AAVSB RACE to offer a total of 0.5 CE Credits, with a
maximum of 12.5 CE Credits being available to any individual Veterinary Medical Professionals for the 2017-2018
Wednesday Slide Conference. This RACE approval is for the subject matter categories of: SCIENTIFIC using the
delivery method of NON-INTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize

AAVSB RACE; however, participants are responsible for ascertaining each board’s CE requirements.

RACE does not “accredit”, “endorse” or “certify” any program or person, nor does RACE approval validate the content

of the program.
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CASE I: A-475-4 (JPC 4100984).

Signalment: 4-8 week old female
C57BL/6NCrl mouse (Mus musculus)

History: Experimentally infected with
mouse adapted Ebola virus (ma-EBOV) by
intraperitoneal route

Gross Pathology: Gross lesions included a
pale and friable liver, pale kidneys, enlarged
spleen and hemorrhagic/congested
gastrointestinal tract

Laboratory results: N/A

Microscopic Description:

Slide contains a single section of liver. There
is severe multifocal to coalescing
predominantly periportal and midzonal
hepatocellular degeneration and necrosis
with moderate to severe mixed inflammation.

Liver, mouse. There is a retiform pattern of
hepatocellular necrosis evident at low magnification
(HE,36X)

In approximately 30% of lobules there is
massive  panlobular  degeneration and
inflammation. There is abundant periportal
to midzonal microvesicular lipid type
cytoplasmic vacuolation of hepatocytes, with
frequent hyaline eosinophilic cytoplasmic
inclusions (resembling Councilman bodies)
and cell swelling. There are several foci of



hepatocyte dissociation and loss with acute
hemorrhage. Apoptotic and necrotic
hepatocytes are common. Small to large
eosinophilic intracytoplasmic (viral)
inclusions are present within viable and
degenerate hepatocytes, Kupffer cells and
rarely endothelial cells. Inflammatory cell
infiltrate  includes large numbers of
macrophages and viable and degenerate
neutrophils. Within central veins there are
frequent vacuolated monocytes, occasionally
with phagocytosed apoptotic debris or
eosinophilic  intracytoplasmic inclusions.
There are scattered linear to branching fine
olive green bile plugs within canaliculi
between hepatocytes.

Contributor’s Morphologic Diagnoses:
Liver, hepatitis, necrotizing and histiocytic,
multifocal to coalescing, acute, severe with
intracytoplasmic inclusion bodies

Contributor’s Comment: Liver lesions are
severe and consistent with experimental
mouse-adapted Ebola virus infection.??
Ebola virus, a filovirus, is an important high
consequence pathogen causing significant
human disease, most recently a large
outbreak in west Africa from 2014 to 2016,
with a smaller outbreak in 2017. Ebola
targets hepatocytes and Kupffer cells of the
liver, resulting in widespread hepatocellular
degeneration and necrosis. Liver lesions in
human and non-human primate infections are
conspicuous for the minimal to absent
leukocytic infiltrate, in contradistinction to
the lesion presented here.’

The extensive inflammation and absence of a
distinct zonal (lobular/acinar) pattern point
toward an infectious/inflammatory rather
than toxic etiology. Not knowing the strain
of mouse, immune status, experimental
manipulation or other tissue lesions,
reasonable differential etiologies for severe
necrotizing  hepatitis in a  (usually
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Liver, mouse. There is diffuse vacuolar degeneration and
widespread necrosis of centrilobular (central vein marked
with a green arrow) and midzonal hepatocytes. . Portal
areas re mildly vacuolated to morphologically normal
(black arrows.) (HE, 200X)

immunodeficient) mouse would include
mouse hepatitis virus (MHV, type species of
Betacoronavirus), mouse adenovirus
(MAdV-1 or -2, Mastadenovirus), mouse
cytomegalovirus (MCMV, murid
betaherpesvirus-1,  type  species  of
Muromegalovirus), lymphocytic
choriomeningitis virus (LCMV, type species
of Mammarenavirus), or ectromelia virus
(mousepox,  Orthopoxvirus).: Mouse
adenovirus and MCMV have intranuclear
rather than intracytoplasmic inclusions, and
mouse hepatitis virus lacks inclusions but
forms characteristic syncytia. Ectromelia
does form cytoplasmic inclusions in
hepatocytes, but these tend to be difficult to
visualize without prolonged hematoxylin
staining. Viral cytoplasmic inclusions in
hepatocytes must also be differentiated from
phagocytosed neighboring apoptotic
hepatocytes (Councilman bodies). Acute
salmonellosis and Tyzzer’s disease would be
additional differential etiologies, although
the lesions tend to be more nodular, with
intracellular bacterial stacks in the latter.!

Contributing Institution:
Pathology Department
NIH/NIAID



Integrated Research Facility
https://www.niaid.nih.gov/about/integrated-
research-facility

JPC Diagnosis: Liver: Hepatitis,
necrotizing and neutrophilic, random,
diffuse,

severe, with numerous intracytoplasmic viral
inclusions.

JPC Comment: The first Ebola virus
outbreak occurred in the Democratic
Republic of the Congo (DRC) in 1976,
resulting in 280 cases as a result of close
contact and use of contaminated needles. A
large outbreak in Western Africa from 2013-
2015 claimed over 11,000 lives in multiple
countries, with the majority of deaths in
Sierra Leone, Liberia and Guinea with cases
exported to other countries in Europe and
North America for the first time.* At the time
of this writing, another outbreak occurs in the
DRC, with 130 confirmed cases. Outbreak
control has been the key to the decreased in
lives claimed by this disease over the last
forty years, effective treatment and
vaccination for this hemorrhagic fever of
humans is still woefully inadequate.

The genus Ebolavirus is divided into five
distinct species: Zaire ebolavirus (EBOV),
Sudan ebolavirus, Tai Forest ebolavirus,
Bundibugyo ebolavirus, and Reston
ebolavirus (a species of ebolavirus that is
fatal in macaques but not in humans.) The
ebolaviruses can infect a number of animal
species including non-human primates
(chimpanzees, monkeys, macaques,
orangutans, baboons),  fruit bats, dogs,
rodents, porcupines, and a range of
laboratory  rodents.* During  human
epizootics, bats have served as reservoirs in
the source for infection. Bats are subclinical
carriers, and do not show clinical signs of
infection. Studies on arthropods have shown
that they are not vectors of EBOV.*
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Liver, mouse. Degenerating hepatocytes contain one or
more brightly eosinophilic intracytoplasmic viral protein
inclusions (arrows). Moderate numbers of neutrophils
infiltrate areas of necrosis. (HE,400X)

Shortly after the initial outbreak in the DRC,
nonhuman primate and guinea pig models
were developed for infection with Zaire
ebolavirus. The hemorrhagic fever seen in
nonhuman primates closely resemble the
human disease.> However the complications
of working with nonhuman primate models,
as well as their expense, demonstrated the
need for the development of murine models.
In addition, the possibility of using
genetically engineered murine models to
study specific cytokine interactions in a very
complex  viral  pathogenesis  further
reinforced a call for development of an
appropriate murine model. Ultimately, an
appropriate murine model was eventually
developed by passaging Zaire ebolavirus
from the original outbreak through
progressively older suckling mice until it
could be  transmitted to adult,
immunocompetent BALB/c mice.?

Mouse models such as the BALB/C share
many similarities with guinea pig and NHPS
models with cells of the mononuclear
phagocyte system being target by the virus
early in the disease. Viral replication may be
seen in macrophages in lymph nodes and the
spleen within 2 days of infection. On day
three, when mice first show signs of clinical
illness, virus replication is widespread, with
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infection of hepatocytes, adrenocortical cells,
fibroblasts,