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CASE I:

Signalment:
Two year and nine month-old, male castrated,

mixed breed, canine

Three year-old, male intact, Golden retriever,
canine

Eight year-old, male castrated, mixed breed,
canine

Fifteen year-old, male castrated, Labrador, ca-
nine

History:
Acute onset of vomiting and collapse.

Gross Pathology:
Segmental hemorrhagic necrosis of the bowel
with perforation and peritonitis

Laboratory Results:
N/A

Microscopic Description:
Findings are very similar in all cases that were
submitted to the diagnostic laboratory.

In all samples from the grossly discolored and
swollen segment there was transmural necro-
sis of the intestine with extensive hemorrhage
extending into the mesenteric fat. In the adja-
cent viable intestine there was eosinophilic in-
filtration of variable intensity. There was mul-
tifocal necrosis of mesenteric fat and, in some
sections, diffuse eosinophilic infiltration.

B

Figure 1-1: Intestine and mesentery. Three sec-
tions of intestine and mesentery are submitted for
examination. At this magnification, the vessels of
the mesentery and septa between lobules of mes-
enteric fat is expanded in each section. (HE, 10X)

Large vessels were dilated and many con-
tained thrombi.

Within the media of medium to small sized ar-
teries there were sections (not present in all
slides due to the small size of the parasite — but
see photomicrographs) of a nematode larva,
approximately 100-200 um in diameter with
lateral allae and central digestive tract. These
features are consistent with a spirurid of which
Spirocerca is the most likely in our region.
Foci of necrosis with hemorrhage were ob-
served in the media of some arteries, where no
larvae were identified.

Contributor’s Morphologic Diagnoses:
Acute transmural necrotizing eosinophilic en-
teritis and eosinophilic peritonitis with arte-
rial mesenteric thrombi and rare intralesional
nematode larvae (spirurid)
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Figure 1-2: Mesentery, dog. Granulation tissue and eosinophilic inflammation expand the interlobular
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septa between lobules of mesenteric fat. A recanalized arteriole is present at bottom left. (HE, 80X)

Contributor’s Comment:
Several cases of this condition were diagnosed

in the last few years in Israel, where incidence
of Spirocerca infection is high."”” We have not
observed breed or age predilection. The pre-
senting history is usually that of intestinal in-
farction, with or without peritonitis. Clinical
DDs are volvulus or intussusception.

Heavy eosinophilic infiltration of mesenteric
fat and thrombi are a common histologic find-
ing in all samples in addition to acute transmu-
ral intestinal necrosis. In only a few of the
samples intralesional larvae have been ob-
served.

Some samples with similar history which were
received in the past, before we became aware
of this condition, were evaluated retrospec-
tively. Although no parasites were found, we
considered the presence of heavy eosinophilic

infiltration and thrombi to be highly suggestive of

aberrant larval migration of Spirocerca.

Follow up information was available for some
of these dogs. The vets described recurrent in-
testinal infarction and peritonitis with or with-
out perforation.

Spirocerca lupi is a spirurid nematode that
parasitizes the esophageal wall of dogs and

Figure 1-3: Mesentery, dog. A tangential section
of a larval nematode is present in he wall of a mes-
enteric artery. (HE, 100X) (Photo courtesy of:
The Weizmann Institute of  Science,
http://www.weizmann.ac.il/)
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Figure 1-4:

Mesentery, dog. Higher magnification of a tangential section of a larval nematode within th

wall of a mesenteric artery. (HE, 400X) (Photo courtesy of: The Weizmann Institute of Science,

http://www.weizmann.ac.il/)

other carnivores. It is most common in warm
climates where beetles act as intermediate
hosts.">” The normal site for the adult nema-
tode is the distal region of the esophageal sub-
mucosa or the proximal stomach, where they
are found in a cystic granulomatous lesion.>

Third stage larvae of Spirocerca are ingested
with beetles and penetrate the gastric mucosa.
They move along arteries to the aorta and mi-
grate in its wall to the thoracic region where
they are found several weeks after ingestion.
They incite granulomatous inflammation in
the aorta and stay there for 2-4 months. Later,
the larvae migrate to the esophagus where they

mature in the submucosa and perforate the ep-
ithelium.>’

Larvae that follow aberrant migratory path-
ways may be found in granulomas in subcuta-
neous tissue, bladder, kidney, spinal cord and
intrathoracic locations.>* To our knowledge,
there are no descriptions of Spirocerca in mes-
enteric blood vessels.

Aortic lesions associated with Spirocerca in-
clude intimal and medial hemorrhage and ne-
crosis with eosinophilic inflammation, throm-
bus formation and rarely rupture of the aortic

wall.h7
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F 1gure 1 5 Mesentery, dog A tangentlal sectlon
of a larval nematode in an area of eosinophilic in-
flammation demonstrates a smooth cuticle, poly-
myarian-coelomyarian musculature, a pseudo-
coelom containing bright red material (character-
istic of spirurids) and and a single cross section of
a large intestine. (HE, 800X) (Photo courtesy of:
The Weizmann Institute of  Science,
http://www.weizmann.ac.il/)

Contributing Institution:
The Weizmann Institute of Science
http://www.weizmann.ac.il/

JPC Diagnoses:

1. Mesentery: Arteritis and periarteritis, ne-
crotizing and eosinophilic, chronic, multi-
focal, severe, with arterial thrombi and
rare larval spirurids.

2. Small intestine: Enteritis and peritonitis,
necrotizing and eosinophilic, chronic, re-
gionally extensive, severe.

JPC Comment:
The JPC’s own MAJ Katie Scott moderated

Conference 6 and took participants on a jour-
ney of cases from around the world; each one
was from somewhere outside of the continen-
tal U.S., highlighting the truly global nature of
the WSC and the importance of international
contributions to pathology education. This
first case provided an excellent opportunity to
review of the pathogenesis and life cycle of
Spirocerca lupi, both of which are well-cov-
ered in the contributor’s comment. Addition-

ally, the lesions of spirocercosis that are con-
sidered pathognomonic in the dog were cov-
ered and include aortic scarring with aneu-
rysms, thoracic spondylitis, and caudal esoph-
ageal nodules. Special attention was paid to
the chronic arterial thrombi present in numer-
ous arteries in this case, which are a classic
part of the pathogenesis of this parasite due to
its arterial migratory routes and chronic inti-
mal irritation. Participants were also reminded
of the importance of specifying what type of
vessels (arteries, arterioles, veins, lymphatics,
etc.) are affected when giving a description, as
this can provide important clues towards path-
ogenesis of some diseases that may preferen-
tially affect a specific vessel type.

Spirocerca lupi is one of a handful of hel-
minths that are classified as Group I carcino-
gens by the International Agency for Research
on Cancer (IARC) due to the well-docu-
mented malignant transformation of S. lupi
esophageal nodules into esophageal fibrosar-
comas or osteosarcomas in up to 25% of in-
fected dogs.® Less commonly, chondrosarco-
mas or undifferentiated pleomorphic sarcomas
can also be seen.® Metastasis to multiple loca-
tions throughout the body, including the lungs,
kidneys, stomach, spleen, heart, and tongue,
occurs frequently.®’ Significantly higher lev-
els of interleukin-8 (IL-8) have been docu-
mented in dogs with malignant esophageal
nodules.* IL-8 is released by activated fibro-
blasts in pre-neoplastic nodules and is chemo-
tactic for neutrophils. IL-8 is also involved in
the tumor progression of human herpesvirus-4
(Epstein—Barr virus)-induced carcinomas.*

Other unwanted guests that no one invited to
the party due to their classification as Group |
carcinogens include Clonorchis sinensis,
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Figure 1-6: Jejunum, dog. There is full thickness necrosis of the mucosa and effacement of the normal ar-
chitecture of the muscular tunics by granulation tissue in segments supplied by affected arterioles. (HE, 46X)

Opisthorchis viverrine, and Schistosoma hae-
matobium. Clonorchis sinensis, a liver fluke
transmitted via ingestion of undercooked fish
hosting the parasitic metacercariae, can induce
hepatocellular carcinomas or cholangiocarci-
nomas via mechanical damage to bile duct ep-
ithelial cells and suppression of biliary epithe-
lial apoptosis via a wide range of excretory
and secretory products (ESP).® Opisthorchis
viverrine, another liver fluke ingested from
raw fish, also induces cholangiocarcinoma
through similar mechanisms to C. sinensis.
Schistosoma haematobium, another trema-
tode, causes squamous cell neoplasms within
the urinary bladder and is the only human
schistosome directly associated with cancer.
S. japonicum and S. mansoni are also classi-
fied as carcinogens, but as Groups 2B and 3,
respectively.®

Yet another parasite within veterinary species
that is well-known to induce malignant neo-
plasms is Cysticercus fasciolaris, the larval
form of the cestode Taenia taeniaformis. This
larval tapeworm can induce the formation of
fibrosarcomas in the liver of infected rats.’
There is a short list of additional parasites as-
sociated with the development of neoplasia,
but the body of literature has not yet estab-
lished a direct causal link between these neo-
plasms and the parasites themselves. These in-
clude: Trichosomoides crassicauda, the uri-
nary bladder threadworm of rats that, although
not directly carcinogenic in and of itself, is as-
sociated with the development of urothelial
carcinomas via the creation of a chronically ir-
ritated environment within the urinary bladder
that may be more receptive to the effects of
external carcinogens; Heterakis gallinarum
and H. isolonche, cecal nematodes of avian
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Figure 1-7: Jejunum. High magnification of the
muscular tunic of the affected segment of intes-
tine with degeneration, necrosis and atrophy of
smooth muscle and proliferation of granulation
tissue. (HE, 304X)

species, induce granulomatous nodule for-
mation that can eventually progress to leiomy-
omas; and Trichuris muris, an intestinal-
dwelling nematode of mice, can induce
chronic cecal irritation that can develop into
intestinal neoplasms.>® Keeping these tiny
not-friends on a short list of carcinogenic or
cancer-associated parasites is crucial to the
pathologist’s differentials list when faced with
cases where their consideration is warranted.
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CASE II:

Signalment:
18 months old ewe, Merino, Ovis aries

History:

An experimental Merino CLNG6 research flock
was maintained at University of Sydney
Farms, Camden, which was based on affected
and carrier sheep that were sourced from two
medium-wool Merino flocks in northern New
South Wales.
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Figure 2-1: Bram, sheep. The cerebral hemi-
spheres are small, firm and flattened dorsoven-
trally. The sulci are wider, and gyri were nar-
rower than normal. There is diffuse, mild to mod-
erate yellow discoloration (The University of Syd-
ney, Veterinary Pathology Diagnostic Services
http://sydney.edu.au/vetscience/vpds/)

This ewe developed clinical signs including
decreased menace response, visual impair-
ment, motor deficit and reduced herding in-
stinct. The animal was euthanized.

Gross Pathology:

At postmortem examination the cerebral hem-
ispheres were small, firm and flattened dorso-
ventrally. The sulci were wider, gyri were nar-
rower than normal. There was diffuse, mild to
moderate yellow discoloration.

Laboratory Results:

Missense mutation (c.184C > T; p.Arg62Cys)
in ovine CLN6 gene detected by single nucle-
otide polymorphism (SNP) genotyping using
a commercial SNP-Chip panel.

Microscopic Description:

Brain, frontal cortex: There is diffuse disrup-
tion of the laminar cortical architecture and
diffuse atrophy of all layers, most apparent in
the granular, pyramidal and ganglionic cell
layers (mid-layers atrophy). The grey matter
shows neuronal loss and diffuse moderate
gliosis with increased numbers of astrocytes.
The remaining neurons frequently contain var-

iable numbers of up to 5 um diameter, granu-
lar to globular, glassy, eosinophilic, intraneu-
ronal bodies displacing large and often vesic-
ular nuclei. Small neurons show hypereosino-
philic cytoplasmic and pyknotic nuclei (necro-
Sis).

Luxol fast blue (LFB): Intraneuronal storage
material is LFB positive.

Periodic acid-Schiff (PAS): Intraneuronal
storage material is PAS positive.

Contributor’s Morphologic Diagnoses:
Brain, frontal cortex: Neuronal degeneration
and loss, diffuse, moderate with intracyto-
plasmic ceroid accumulation and moderate
astrocytosis, Merino, ovine.

Neuronal ceroid lipofuscinosis

Contributor’s Comment:
Neuronal ceroid-lipofuscinoses are a hetero-

genous group of recessively inherited lysoso-
mal storage diseases. In human medicine this
neurodegenerative disease is referred to as
Batten's disease and affects children.! This
disease is characterized by atrophy of cerebral
cortex, retina and cerebellar Purkinje system
and accumulation of autofluorescent pigment
in neurons and other cells. The pathogenesis

Figure 2-2: Diencephalon, sheep. There is diffuse
separation and thinning of the cerebral gyri and
dilation of the lateral ventricle (hydrocephalus ex
vacuo) (HE, 10X)
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of at least some forms of NCL may involve a
defect in mitochondria rather than a defect in
lysosomal catabolism and may involve accu-
mulation of hydrophobic protein.?

Studies show that functional neuron loss is re-
lated to selective loss of specific neuron pop-
ulations that is preceded by localized glial ac-
tivation, and synaptic alterations. Rather than
storage material accumulation, localized acti-
vation of glia is a better predictor of the distri-
bution of subsequent neuron loss.>’ It is not
clear whether this glial activation contributes
to neuron loss or is a protective response, nev-
ertheless it appears that neuroinflammation is
a key part of the pathogenesis in many, if not
all, forms of NCL.'°

NCLs have been documented in a number of
domestic animal species, including dogs, cats,
cattle, and several breeds of sheep such as Me-
rino, South Hampshire, Rambouillet and
White Swedish Landrace.>®!! Affected Me-

rino sheep developed clinical signs between 7

o,

months and a year of age. The ovine gene or-
ganization in this breed is very similar to that
of human CLNG6 (late infantile variant) and
there is a high degree of homology between
species along the whole coding length.* Active
research studies utilize sheep flocks contain-
ing affected animals deliberately bred and
maintained for studies relevant to human dis-
ease.

Contributing Institution:

The University of Sydney

University Veterinary Teaching Hospital
Camden

https://www.univetscamden.com.au/
Veterinary Pathology Diagnostic Services
http://sydney.edu.au/vetscience/vpds/

JPC Diagnoses:
Cerebrum: Neuronal degeneration and loss,

chronic, diffuse, severe, with cortical atrophy,
neuronal intracytoplasmic pigment, mild as-
trocytosis, and hydrocephalus ex vacuo.

Figure 2-3: Diehceph.z'l-lon; shéep'.w"ll"here is a loss of normal stratification of neurons within the cortical gray

matter. (HE, 65X)
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Figure 2-4: Diencephalon, sheep. Neuronal cytoplasm contains numerous amphophilic to brown 2um ce-
roid granules. (HE, 650X)

JPC Comment:
This classic case of ovine neuronal ceroid

lipofuscinosis (NCL) stimulated great discus-
sion on some of the histologic changes seen in
the conference slide. It was the opinion of con-
ference participants that there was true ven-
tricular dilation evident histologically, likely
secondary to the cerebral atrophy and paren-
chymal loss that is characteristic in this condi-
tion, leading to the development of a hydro-
cephalus ex vacuo. This brand of hydrocepha-
lus is characterized by the ventricles filling
with additional cerebrospinal fluid (CSF) in
response to a vacuum created by the extra
space from parenchymal loss. As the patho-
genesis would imply, there is no accompany-
ing increase in CSF pressure with this type of
hydrocephalus as there is in other types.

One participant remarked that there was an in-
creased number of visible axons within the af-
fected grey matter. This posed the question of

whether the increased visibility of axons was
secondary to the neuronal loss from NCL or if
there was true disorganization of the axons
from the outset. The jury was split on this one,
but the majority thought it was likely due to
the former. A discussion on the intracytoplas-
mic storage material within neurons in this
condition followed, including a review of the
difference between lipofuscin and ceroid.
Lipofuscin is considered a normal “wear and
tear” pigment seen in long-lived cells and is
not considered to be related to pathologic pro-
cesses. Ceroid, however, is only seen in dis-
ease states and accumulates secondary to oxi-
dative stress. The autofluorescent proteins in
these cases are stored within lysosomes, which
are unable to further break them down due to
an endo-lysosome defect. In this case, in-
house Luxol fast blue and PAS stains were
performed, which nicely highlighted the intra-
cytoplasmic accumulations.



Figure 2-5: Diencephalon, sheep. Hippocampal neurons contains numerous amphophilic to brown 2um
ceroid granules. (HE, 650X)

Currently, there are 13 different forms of
NCLs documented in humans.” Each one has
a distinct single-gene defect that affects the
encoding of proteins in the endolysosomal
system. These forms are generally classified
into either soluble lysosomal enzyme/cyto-
solic protein deficiencies or insoluble trans-
membrane protein defects.” The lysosome is
traditionally viewed as the ‘waste-disposal’
unit of the cell, but recent studies on NCLs has
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Figure 2-6: Diencephalon, sheep. A Luxol fast
blue demonstrates the ceroid granules within neu-
ronal cytoplasm. (Luxol fast blue, 650X).

shown that the lysosomal system also plays
critical roles in nutrient sensing and cellular
homeostasis. This indicates that NCL muta-
tions have wide effects on cellular functions in
multiple organ systems, including autophagy
and synaptic dysfunctions.’ The use of animal
models for NCLs has enabled researchers to
identify the most susceptible neuronal popula-
tions and has demonstrated that glial cells are
both negatively affected by and actively con-
tribute to disease progression.’
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CASE III:

Signalment:
9 year 7 months old, male neutered, domestic
short haired cat, Felis Cattus.

History:

Presented in March for progressive lethargy,
anaemia and thrombocytopenia. CT scan
showed lung and splenic abnormalities. A
splenectomy was performed and histology

Figure 3-1: Lung, cat. Diffusely, all lung lobes are
markedly expanded by moderately firm red-
cream tissue. The pleural surfaces are smooth de-
spite the lungs being expanded. (Photo courtesy
of: Department of Veterinary Medicine, Univer-
sity of Cambridge, www. vet.cam.ac.uk)
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(external laboratory) was suggestive of histio-
cytic disease. Lomustine treatment was
started, and the animal was euthanised in May
after progressing to respiratory distress.

Gross Pathology:

Diffusely all lung lobes were markedly ex-
panded by moderately firm red-cream tissue.
The pleural surfaces were smooth despite the
lungs being expanded.

The pericardial sac contained approximately
2mL of serosanguinous fluid. The heart
weighed 28 g (cardiomegaly, <20g is consid-
ered normal). Cross section of the left ventric-
ular free wall, interventricular septum, and
right ventricular free wall measured 6 mm, 6
mm, 3 mm respectively (cardiac hypertrophy
with right ventricular free wall most promi-
nently affected). This results in a ratio be-
tween the chamber widths of 2:2:1. The left
and right auricles were approximately 15 mm
in length and width, and 5-10 mm in depth,
and were both similar sizes (bilateral auricular
dilation).

Laboratory Results:

Anaemia and thrombocytopenia diagnosed on
haematology at first presentation in March to
the referring vet practice.

Figure 3-2: Lung, cat. Two sections of consoli-
dated lung are submitted for examination.

There is an extensive alveolar infiltrate which af-
fects approximately 90% of the section. (HE
10X).

Microscopic Description:

Expanding the airway and alveolar interstit-
ium, subpleural spaces and also filling alveo-
lar spaces, there is a proliferation of large
numbers of round-polygonal cells. The prolif-
erative round cell population have a moderate
amount of eosinophilic cytoplasm and a reni-
form nucleus that contains coarsely stippled
chromatin and a single nucleolus. There is
mild anisocytosis and anisokaryosis, and there
are occasional multinucleated cells. There is
one mitotic figure per 2.37 square mm.
Within the pleural, peribronchiolar interstit-
ium and alveolar septa, the proliferative cells
are accompanied by fine strands of collagen,
resulting in further expansion of those struc-
tures, and in some areas, complete effacement
of the normal pulmonary architecture with
obliteration of air spaces. In non-consolidated
areas, alveolar septa are multifocally ruptured
(microscopic emphysema). There is multifo-
cal, moderate, hyperplasia of bronchiolar
smooth muscle, and occasionally, especially
in subpleural areas, there is type 2 pneumocyte
hyperplasia. Medium-sized pulmonary arter-
ies demonstrate hyperplasia of the tunica me-
dia. Airway epithelium is frequently sloughed
(post-mortem artefact). Gram, Ziehl-Neelson
and PAS-stained sections do not highlight mi-
cro-organisms.

Contributor’s Morphologic Diagnoses:
Lung, feline pulmonary histiocytosis

Etiological diagnosis:  Feline pulmonary
Langerhans cells histiocytosis

Contributor’s Comment:

Feline pulmonary Langerhans cell histiocyto-
sis is a proliferative disorder of Langerhans
cells predominantly affecting the lung. The
process is progressive, with animals ulti-
mately developing fatal respiratory compro-
mise. The condition has been reported to have

12



panded by congestion, edema, fibrous connective tissue, and there is smooth muscle hyperplasia. (HE 597X).

multi-organ involvement and may affect the
spleen, as in this case.’

Initial clinical signs of feline pulmonary Lang-
erhans cell histiocytosis are variable but ulti-
mately progress to a restrictive dyspnoea.! The
insidious onset and unspecific clinical signs
means that definitive diagnosis in live patients
is challenging. Langerhans cells express
CDla, MHC-class 2, langerin (CD207) and E-
cadherin.®8

In humans, the condition is associated with
young adults who smoke. The exact pathogen-
esis of the condition is uncertain.? Current ev-
idence from human medicine suggests the un-
derlying process is a myeloid neoplasm with
inflammatory properties, which may regress
or progress in response to cessation of smok-
ing.!3 In cats, reactivity or neoplastic has not
been defined.

The condition generally affects middle aged to
older cats, with an interstitial and alveolar pat-
tern on lung imaging.! Similar to the eccentric
cardiac hypertrophy in this case, occasionally
cats with Feline progressive pulmonary histi-
ocytosis develop right ventricular hypertrophy
and right auricle dilation due to the increase in
pulmonary pressure.'*

Grossly, lungs have an expanded non-collaps-
ing texture and contain multifocal pale red-
cream coalescing masses, which can be very
extensive in distribution. In advanced cases
the entire lung lobes can be affected, with ex-
tension of masses into the pleura.!? The pan-
creas, kidney, liver and local or remote lymph
nodes may also contain similar mass lesions.?

Typical microscopic findings include pleo-
morphic histiocytic cells that target terminal
and respiratory bronchioles and extend into

13
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Figure 3-4: Lung, c
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at. In less affected areas (at
right), there are fewer histiocytes, and alveolar
parenchyma is effaced by edema and fibrosis.
(HE, 333X).

adjacent alveoli.> Affected bronchioles un-
dergo smooth muscle hyperplasia and there is
fibrosis of the alveolar septa. The Langerhans
cells demonstrate CD18 and E-cadherin, vi-
mentin and IBA-1positive immunoreactivity.'
In addition, feline Langerhans cells do not re-
act to CD204.7

The presence of Birbeck granules in the cyto-
plasm ultrastructurally is characteristic of the
Langhans cell phenotype in cats.>* Birbeck
granules are the langerin (CD207) receptor
cross-linked to antibody and subsequently in-
ternalised from the cell surface membrane.’
Canine Langerhans cells do not contain
Birbeck granules.'?

Feline pulmonary Langerhans cell histiocyto-
sis has been diagnosed on the basis of BAL
cytology and pulmonary radiographs.’ Tho-
racic radiographs have miliary to nodular ra-
diodense foci in a bronchointerstitial pattern.'”

Other progressive histiocytic diseases that af-
fect the lungs include progressive histiocyto-
sis in cats, and cutaneous Langerhans histio-
cytosis or systemic histiocytosis in dogs.'? The
microscopic appearance between canine and
feline Langerhans histiocytosis in the lungs is
similar, with a primary focus on terminal

bronchioles.!? Feline progressive pulmonary
histiocytosis has been reported in a lion,'* and
focal Langerhans cell histiocytosis, without
lung involvement, has been reported in the
pancreas of a cat.!!

Contributing Institution:
University of Cambridge, Madingley Road,
Cambridge UK

JPC Diagnoses:

Lung: Histiocytosis, alveolar, chronic, diffuse,
severe, with fibrosis and smooth muscle hy-
perplasia.

JPC Comment:
The contributor does an excellent job of sum-

marizing this condition in cats and cross-com-
paring with a few other species affected by a
similar process (including humans). Many of
the topics mentioned in their write-up were fo-
cal points of discussion during conference, in-
cluding key histologic features, IHC immuno-
reactivity profile, and ultrastructural findings.

Langerhans cells are antigen-presenting den-
dritic cells (DC) derived from CD34+ precur-
sors in the bone marrow. They eventually
make their way to and reside in the epidermis
and epithelium of the oral cavity, vagina, and
bronchial mucosa of the lung.® Upon contact-
ing and internalizing an antigen, Langerhans
cells will migrate to regional lymph nodes and
present their cool find (the antigen) to naive
CD4+ T-cells using major histocompatibility
complex (MHC) class II. The characteristic
“Birbeck’s granules” seen on electron micros-
copy (EM) are five-layered, rod-shaped cyto-
plasmic organelles that kind of resemble hot
dogs on a bun and are present only within
Langerhans cells. These granules are formed
by the internalization of CD207, normally
found on the surface of Langerhans cell.
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n alveoli
demonstrate strong cytoplasmic immunoreactiv-
ity for IBA-1) (anti-IBA1, 328X).

CD207 is a C-type lectin also known as
“langerin” that assists with recognition of
pathogen-associated ~ molecular  patterns
(PAMPs), internalization of an antigen, and
further stimulating an immune response as de-
scribed above.’?

While the pathogenesis of feline pulmonary
Langerhans cell histiocytosis is not yet fully
understood, in humans, one of the main hy-
potheses for pulmonary Langerhans cell histi-
ocytosis is that of the “cytokine storm”.>> This
hypothesis suggests that T-lymphocytes and
Langerhans cells within the lungs produce a
mutually amplifying cytokine cascade that
drives recruitment, maturation, and prolifera-
tion of Langerhans cells in this condition.’
Whether or not this fits within a reactive or ne-
oplastic process remains to be seen, and some
studies suggest assessing the clonality of the
Langerhans cells in future research to try and
make that distinction.’
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CASE 1V:

Signalment:
Dromedary camel (Camelus dromedarius), adult
female

History:

A lactating adult dromedary camel was one of
two breeding females which had been recum-
bent for the last 2 to 4 days; both were in poor
body condition. Other camels in the breeding
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Figure 4-1: Blood smear, camel. Numerous atyp-
ical lymphocytes were present in the blood smear
(Diff Quik, 400X). (Photo courtesy of: New South
Wales Department of Primary Industries, Me-
nangle, NSW2568
https://www.dpi.nsw.gov.au/about-us/science-
and-research)

herd were also in low body condition. Both re-
cumbent animals were eating, drinking and
were up to date with vaccinations. There had
been no change in condition in response to
worming and anticoccidial treatments. A pas-
ture assessment was conducted, and the
amount of feed available was determined to be
inadequate for the lactating camels. Bloods
were taken from both camels and supplemen-
tary feeding initiated.

The second camel began to put on weight and
became ambulatory after supplementary feed-
ing, however the first female camel was una-
ble to rise without assistance and continued to
loose condition. The animal was euthanized
and a post mortem conducted.

Gross Pathology:

Necropsy examination revealed that the ven-
tral 40-50% of both lungs were pale-pink to
white with a firm consistency and smooth sur-
face on cross section. The paratracheal and
parabronchial lymph nodes were diffusely
markedly enlarged and were white on the cut
surface. Other viscera appeared grossly nor-
mal.
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Laboratory Results:

Hematology

On the blood smear collected during the initial clinical exam, numerous large atypical lymphocytes

were observed throughout the smear.

Test Normals Units Female camel 1| Female camel 2
(euthanized) (recovered)

PCV (%) 27-45 % 24 22

RBC 10.5-17.2 10'2/L 6.32 5.76

Hemoglobin 11.3-19.0 g/dL 11.0 9.2

MCV 22-29.5 fL 38 38

MCHC 38-46 g/dL 46 42

MCH 9.6-12 pg 17 16

WBC 6.0-20.9 10°/L 194.6 19.3

Neutrophils 2.0-13.3 10°/L 21.41 17.18

Band Neutrophils 0.0-2.9 10°/L 0 0

Lymphocytes 2.1-6.8 10°/L 173.19 2.12

Monocytes 0.0-0.6 10°/L 0.0 0.0

Eosinophils 0.0-3.0 10°/L 0.0 0.0

Basophils 0.0-0.3 10°/L 0.0 0.0

Nucleated RBC /100wbc 0 Occasional

Reticulocytes % 0 1

Platelets Adequate Adequate

Serum Biochemistry

Test Normals Units Female camel 1|Female camel 2
(euthanized) (recovered)

GGT 0-60 U/L 19 17

GLDH 0-20 U/L 4 4

AST 0-320 U/L 123 150

Bilirubin 0.1-3.2 umol/L 2.0 3.1

CK 0-750 U/L 423 1693

Urea 5.0-12.4 mmol/L 11.1 9.4

Creatinine 0-288 pmol/L 101 119

Phos 1.5-3.4 mmol/L 1.2 1.98

Urea/Creatinine 0.00-0.07 0.11 0.08

Protein 54.0-75.0 g/L 53.8 48.1
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Test Normals Units Female camel 1|Female camel 2
(euthanized) (recovered)

Albumin 25.0-45.0 g/L 16.2 20.4
Globulins 15.9-41.0 g/L 37.6 27.7
Albumin/Globulins 1.3-3.3 0.4 0.7
B-Hydroxybutyrate 0.00-0.50 mmol/L 0.02 0.01
Calcium 1.9-2.7 mmol/L 2.1 2.11
Magnesium 0.7-1.3 mmol/L 0.96 0.92
Haptoglobin 1.0-2.0 g/L 0.69 0.58

Serum Hemoglobin 0.0-0.2 g/dL 0.04 0.04
Glutathione Peroxidase 15-200 U/gHb 69 170

Bacterial Culture, Lungs
Moderate pure growth of Streptococcus agalactiae

Enzootic Bovine Leukosis ELISA

Camel 1 seronegative

Immunohistochemical markers

Marker | Cell type | Tissue Number  of | Positive cell distribution
positive cells
CD79% | B Cell Lung -+ Majority of cells within neoplastic infiltrate, scat-
tered cells within peribronchial and peribronchio-
lar spaces, interlobular and alveolar septae and al-
veolar lumen
Lymphnode | +++ The majority of cells within the cortex and moder-
ate numbers (30-50% of cells) within the medulla
Spleen +++ Majority of cells within red and white pulp
CD3 T Cell Lung + Scattered throughout parenchyma, and small num-
bers accompanying neoplastic infiltrate
Lymphnode | ++ Moderate numbers multifocally throughout the
medulla
Spleen + Predominantly around blood vessels

Microscopic Description:

Camel; Lung

Description Multifocally throughout the sec-
tion, expanding the lamina propria of larger
airways, multifocally invading the airway ep-
ithelium, expanding numerous alveolar septae
and infiltrating into interlobular septae and the
pleural space, there is a densely cellular lym-
phoid neoplasm. The neoplasm is made up of
sheets and rows of closely packed round cells
supported by a fine pre-existing fibrous
stroma. The neoplastic cells contain nuclei 5-

7um in diameter and have indistinct cytoplas-
mic borders, scant amphophilic cytoplasm,
round to ovoid paracentral nuclei with
coarsely clumped chromatin with moderate
numbers of cells possessing a single nucleo-
lus. Throughout the neoplastic cells there is
mild anisokaryosis and anisocytosis. Mitotic
figures numbering 5 per 2.37mm? with occa-
sional bizarre mitoses. Multifocally the neo-
plastic cells closely surround and infiltrate the
tunica media of small blood vessels. Numer-
ous alveolar spaces are filled with eosinophilic
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Figure 4-2: Lymph node, lung, camel. At sub-
gross magnification, there is an cellular infiltrate
in both organs which effaces normal architecture.
(HE, 5X)

fibrillar material (fibrin) admixed with abun-
dant neutrophils and foamy macrophages,
while others contain large amounts of homog-
enous eosinophilic material (edema). Multifo-
cally some alveolar spaces are expanded and
ruptured (emphysema). Bronchioles contain
moderate numbers of neutrophils and macro-
phages admixed with strands of hypereosino-
philic fibrillar material (fibrin) with neutro-
phils transmigrating across the respiratory ep-
ithelium. There is occasional loss of type I
pneumocytes with replacement by type II
pneumocytes.

Camel; Paratracheal Lymph Node
Description Multifocally the normal architec-
ture of the cortex, paracortex and medulla is
disrupted and replaced by a densely cellular
neoplasm composed of lymphoid cells. The
neoplasm is comprised of sheets of closely
packed small round cells with nuclei 5-7um in
diameter. Cells are mostly round with indis-
tinct cytoplasmic margins, scant basophilic or
eosinophilic cytoplasm, high nuclear to cyto-
plasmic ratio, and a paracentric nucleus with
coarsely clumped chromatin. There is mild an-
isocytosis and anisokaryosis. There is an aver-
age of 12 mitoses per 2.37mm? Within the
capsule of the lymph node there are small ag-
gregates of neoplastic cells organized into
sheets.

Contributor’s Morphologic Diagnoses:
Lung and Lymph node; B-cell lymphoma
Lung; bronchopneumonia, fibrinosuppurative,
multifocal, severe, subacute, with type II
pneumocyte hyperplasia.

Contributor’s Comment:
In this case, neoplastic cells were also found

in the liver, spleen and heart of the camel. No
neoplastic cells were found in the kidneys or
in two sections of bone marrow (rib and ster-
num). The presence of atypical lymphocytes
within the peripheral blood collected at the in-
itial clinical examination greatly aided the di-
agnosis of lymphoma or leukemia in this case
(Figure 1) and allowed the clinician to under-
stand why this animal did not improve like the
others in the herd once nutrition was im-
proved. The neoplastic cells observed in the
peripheral blood was suspected to be second-
ary to the lymphoma, given that no neoplastic
cells were found within the bone marrow of
the bones examined histopathologically. Leu-
kemia is a feature of less than 20% of lympho-
mas in animals and is more commonly a fea-
ture of T-cell lymphomas.” Leukemia is most
likely observed when the lymphoma invades
the bone marrow or spleen, the latter of which
contained neoplastic cells in this case.” In this

Figure 4-3: Lymph node, camel. The nodal archi-
tecture to include the cortex, paracortex, and me-
dullary sinuses are expanded and/ effaced by a
round cell neoplasm. (HE, 10X)
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Figure 4-4: Lymph node, camel. High magnifica-
tion of neoplastic lymphocytes. (HE, 1800X)

case a B-cell phenotype was confirmed via im-
munohistochemistry (Figures 7-11).

There are only a few reports in the literature
describing lymphoma in dromedary camels.
Similar to this case, the disease is typically re-
ported in adult animals (>7 years) and has
been reported in both male and female camels.
Common clinical presentations include weight
loss, anorexia, polyuria and polydipsia, with
one report also describing peripheral lym-
phadenopathy and bilateral masses in the con-
junctiva of one animal.>*® Peripheral lympho-
cytosis, sometimes with significant atypia in
circulating lymphocytes and lymphoblasts,
has been reported occasionally but is not al-
ways a feature of the disease in dromedary
camls.>’

Necropsy findings typically include dissemi-
nated nodules which can be found in various
organs including the liver, spleen, lungs, kid-
neys, bladder and intestines. Often multiple
mesenteric and/or mediastinal lymph nodes
are enlarged.>*¢

Histologically, lymphomas in dromedary
camels are described as a highly cellular neo-
plasm often effacing the normal architecture
of the tissues, made up of sheets of lymphoid
cells with scant cytoplasm and distinct cell

margins. There is some variability in the cel-
lular morphology including anisocytosis and
anisokaryosis, indistinct nucleoli to multiple
nucleoli present and in one case multinucle-

ated cells were observed.>*°

In contrast to this case, all cases in the litera-
ture from dromedary camels were identified as
T-cell lymphomas. In those cases, lymphocyte
lineage identification was performed using
immunohistochemistry and identified the neo-
plastic cells as CD3 (pan T-cell) positive and
either CD20 or CD79a (pan B-cell markers)
negative.>* More recently, flow cytometry has
been used to further classify a multicentric T-
cell lymphoma as a gd T-cell lymphoma and a
combination of CD4 and WC-1 markers.*
Other markers which have been used in the lit-
erature to differentiate round cell neoplasms in
camelids include PAX-5, CD79b (B-cell
markers), CD5 (T-cell marker)), MUMI
(plasma cell marker), CD18 and CD68 (histi-
ocyte markers).!*68

In other camelids (Ilamas and alpacas), lym-
phoma is identified as one of the most com-
mon types of neoplasia, and both T-cell and B-
cell as well as non-T and non-B cell lympho

Figure 4-5: Lung, camel. Neoplastic lymphocytes
infiltrate the walls of airways, efface BALT, sur-
round vessels, and markedly expand alveolar
septa (HE, 152X)
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Figure 4-6: Lung, camel. Left: CD79b-positive lym-
phocytes surrounding and infiltrating into the epi-
thelium of an airway (anti-CD79b, 100x). Right:
Only relatively low numbers of CD3 positive lym-
phocytes are scattered throughout the lung (anti-
CD3, 100x). (Photo courtesy of: New South Wales
Department of Primary Industries, Menangle,
NSW, 2568 https://www.dpi.nsw.gov.au/about-
us/science-and-research/centres/emai)

mas have been reported.!®* Disseminated lym-
phoma has been reported in juvenile alpacas!

and lymphoma of the liver has been reported
in a juvenile llama.® Multicentric lymphoma
has been reported in both adult alpacas and lla-
mas and the distribution of lesions in organs is
similar to that described for dromedary camels
with lesions also seen in the spleen, stomach,
trachea and bone marrow. 8

Contributing Institution:

Elizabeth Macarthur Agricultural Institute
New South Wales Department of Primary In-
dustries,

Woodbridge Road, Menangle, NSW, 2568

Figure 4-7: Lung, camel. Neoplastic cells infil-
trating an airway demonstrate strong membra-
nous immunoreactivity for CD20, a B-cell
marker. (anti-CD20, 263X)

https://www.dpi.nsw.gov.au/dpi/about-us/re-
search-and-development

JPC Diagnoses:
1. Lymph node and lung: Lymphoma.
2. Lung:Bronchopneumonia, fibrinosuppura-
tive, subacute, multifocal, severe, with type
I pneumocyte hyperplasia.

JPC Comment:
This camel just had to be contrarian in that it

had a lymphoma of B-cell origin instead of T-
cell like almost every other camel lymphoma
out there. This case provided a great two-fer
of a late-stage lymphoma and bronchopneu-
monia, and the contributor provides a thor-
ough and well-written comment on lympho-
mas in camels.

Another primary point of discussion, and one
that was briefly mentioned by the contributor,
was the classification of this case as a lym-
phoma a leukemia given that there were intra-
vascular atypical lymphocytes. Given that
there was no bone marrow involvement,
though, a lymphoma was the consensus. Ac-
cording to the WHO guidelines in dogs, a
stage 5 lymphoma is characterized as general-
ized lymphadenopathy (involving both tho-
racic and abdominal nodes) with hepatosple-
nomegaly and involvement of either bone
marrow, the CNS, or another extranodal site
(such as the lungs).'? This stage would best fit
with the histologic findings in this case, as
there was multiorgan involvement. Stage V is
further classified into 5a or 5b, with either no
clinical signs or apparent clinical illness, re-
spectively, which would classify this camel’s
lymphoma as a stage 5b due to the obvious
clinical signs described in her case. In human
medicine, the fifth stage is not utilized; their
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Figure 4-8: Lung, camel. Neoplastic cells infiltrat-
ing an airway demonstrate strong nuclear immuno-
reactivity for PAXS, a B-cell marker. (anti-PAXS,
263X)

grading scheme ends at stage 4.°> Whether ei-
ther (or neither) of these classification
schemes fits with lymphoma in camelids,
however, is currently unknown and will re-
quire additional studies.
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