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CASE I — H06/344/110 #2 (AFIP 3041763).

Signalment:  13-year-old, fem ale, Freiber ger h orse

(Equus caballus)

History: The horse had colic f or 6 days. Th e horse
showed obstipation at th e flexura pelvis. Its colon was
displaced to theright at th e flex ura pelvis. Th e horse
showed slight icterus. With ultrasound ex amination the
liver was in conspicuous. The clin icians su spected a
primary or secondary hepatopathy.

Gross P athology: The liver showed severe atrophy of
the Lo bus hepatis d exter; t he wh ole liv er was m ildly
more friable and was marbled dark and pale brown; on
cut section, pus was coming out of the bile ducts; several
small (up to 0.5 cm in diameter) white, hard superficial
nodules were prese nt (calcifi cations). Inthe stomach
few Gasterophilus intestinalis were present on the pars
non-glandularis. Th e wall of th e ileu m was m ildly
thickened (up to 1 cm thick). The left co lon ascendens
ventralis cont ained | arge am ounts o f dry, dark g reen,
fibrous co ntent (i mpaction); th e m ucosa was m ildly
edematous.

Laboratory Results: The blood values showed elevated
liver enzymes.

Intheliver, a high content of Pasteurella sp. and of a
mixed fl ora wereiso lated (In stitut fiir Veteri nar-
Bakteriologie of the University of Bern).

Histopathologic Description:

Liver: Multifocally in the lumen of the bile ducts, in the
portal triads and i n t he s urrounding 1 iver parenchyma,
there are m any de generate neutrophils and cell debris.
The bi le ducts are su rrounded by m oderatet o1 arge
amounts o f ¢ onnective t issue a nd m any 1 ymphocytes,
macrophages, plasma cel Is and degenerate ne utrophils.
Multifocally the bile ducts are increased in size and in
number ( bile duct hy perplasia). They are lined by
columnar t o cu boidal ep ithelial cells.  Epithelial cells
show rarel y pyknoticn uclei orka ryorrhexis and
karyolysis. M any epithelial cells are pl ump and contain
large am ount of am phophilic cytoplas m and plump,
vesiculated, pale b asophilic nu clei. Mu ltifocally th ere
are a lot of bile plugs. There is m ild ly mphangiectasia
and periportal ed ema. Mu ltifocally th ereisam ild
infiltration of the liver capsule with few lymphocytes and
plasma cells.

Contributor’s Morphologic Diagnosis:

Liver:  Cholangiohepatitis, su ppurative, m ultifocal to
coalescing, severe, chronic

Atrophy of the Lobus hepatis dexter

Colon ascendens ventralis, left: Impaction
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Contributor’s Comme nt: C holangiohepatitis is a
sporadic, but common disease of adult horses. Generally,
the d isease process is in itiated by an ascen ding b iliary
tract infection due to a gram negative rod. In the chronic
state ch oleliths can d evelop, cau sing ob struction of t he
biliary treean  dlead ingto icterusan dco lic.
Cholangiohepatitis may also o ccur secon dary to ch ole-
lithiasis.*

The ex act etiology andp athogenesis of
cholangiohepatitis in larg e an imals is u nknown. The
carly stages of'the disease are ofte n associated wit h
periportal in flammation as well as inflammatio nin the
biledu cts. In sup purative ch olangiohepatitis, t he
bacterial infectio nm ay b e distributed th rough portal
circulation o r ex tend through the b ile ducts. In non-
suppurative ¢ holangiohepatitis, di sease progressioni s
more likely due to an immune-mediated processes.”

Because the hepatocytes a re bei ng de stroyed m ore
rapidly thant hey can be replaced, fi brosis be gins t o
bridge t he a ffected areas of the liver.  As the fibrosis
becomes more extensi ve, cholestasis a nd failure of
hepatic function may occur. The bile ducts and bile duct
epithelium undergo proliferation, which may impair bile
excretion.

On necropsy, the liver will ap pear firm, pale b rown to
green, with prominent irregu lar m arkings on t he cu t
surface.

Histopathologically,t wo f orms are de  scribed. A
suppurative form in which there is extensive neutrophilia
inthe periportal area. T he ne utrophils often contain
bacteria. Biliary hyperplasia, loss of hepatocytes, an d
fibrosis are also evi dent in the periportal areas. A non-
suppurative form o ccurs in which th e primary cellu lar
infiltrate is com posed of mononuclear cel ls, p rimarily
lymphocytes, and plasma cells.”

Early in the disease, clinical signs a  re re ferable to the
inflammatory p rocesses occurring in t he liver. Th ese
inflammatory signs include fever and hepatomegaly, and
may lead to co lic and b iliary ob struction. Anorexia
follows in cases ~ which present for co lic. Biliary
obstruction may th enleadto icteru s and hepatic
photosensitization. Hepatic encep halopathy and rel ated
signs are rare except in cases of chronic hepatic fibrosis.

Clinical pathologic changes include significantly elevated
GGT (600-2500 U/L), slight elevations in AST and SDH
relativetot he GGT levels, elevated bile acids s
leukocytosis with neutrophilia, hyperfibrinogenemia and
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hyperproteinemia; coagul ation parameters sh ould be
within normal range."”

AFIP Diagn osis: Liver: Ch olangiohepatitis, chronic-
active, diffuse, severe, with bile duct hyperplasia, diffuse
bridging fi brosis, a nd ¢ holestasis, F reiberger h orse
(Equus caballus), equine.

Conference Comment: The contributor gives an excel-
lent ov erview of ch olangiohepatitis in horses. C holan-
giohepatitis in horses has been reported to occur as a pri-
mary disease, or secondarily due to cholelithiasis, duode-
nal inflammation, intestinal obstruction, neoplasia, p ara-
sitism, an d certain to xins su ch as p yrrolizidine alk aloid
and those of Trifolium hybridum (alsike clover).>”®

Suppurative ¢ holangiohepatitis i n ho rses i s m ost co m-
monly associated with cholelithiasis, which is thought to
result from ascending infections from the small intestine.”
Cholangiohepatitis an d/or pan creatitis secon dary t o re-

flux of duodenal contents may occur ac utely as in cases

of duodenal obstruction or more chronically, due to either
intermittent o utflow obstruction or spasm of t he m ajor
duodenal papilla secondary to inflammation.' It has also
been found that bacteria, bacterial products, and endotox-
ins may enter the liver through the portal circulation re-
sulting in p eriportal inflammatio n.>  The bacteria m ost
commonly asso ciated with ch olelithiasis an d ch olangio-
hepatitis in horses are Escherichia co li, Salmonella sp,

Aeromonas sp, and Citrobacter sp.”

Whether choleliths occur prior to or following the devel-
opment o f cholan giohepatitis has not been determined.*
The pathogenesis of cho lelith formation is not clear, al-
though m ost ch oleliths are rep orted to contain a mix ed
amount of Dbilirubin, bile pigments, chole sterol este rs,
esters of cholic and carboxylic acid, cal cium phosphate,
and sodium taurodeoxycholate.’

In cattle and sheep, cholangiohepatitis has been reported
to occur due to sporidesmin, a fungal toxin produced by
Pithomyces chartarum’, and liver flukes such as Fasciola
hepatica.

Contributor: Institute of Animal Pathology, University
of Berne, Vet suisse Faculty, Langgassstra sse 122, P.C.
8466 CH - 3001 Berne
http://www.vetmed.unibe.ch/content/tierpathologie/
index_ger.html
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CASE IT — A03-255 (AFIP 2890562).

Signalment:  17-year-old, m ale, Co tton-top tam arin
(Saguinus oedipus), nonhuman primate

History: T his elderly tam arin was weak, 1ethargic and
ataxic. He was dyspneic under ketamine anesthesia. On
auscultation there was a cardiac arrhythmia and a systolic
ejection murmur that was loudest on the left and an EKG
demonstrated occasional s kipped beats a nd a bnormal
QRS complexes. An ultrasound revealed cystic areas in
the liver and i ncreased mineralization in the right renal
calyxes. A mass was palpated in the right cranial abdo-
men. The animal was euthanized due to a poor progno-
sis.

Gross P athology: In the regi on of the ri ght adrenal
glandisal argetan and red mass (Fig. 2- 1) a pproxi-
mately 1.5 cm in diameter. The mass has a slightly ir-
regular surface an d is ¢ ompressing the s ubjacent re nal
parenchyma. Intheleftadrenal glandis a focal, tan,
round approximately 4 mm in diameter mass. There are
numerous cysts in the liver, especially in regions near the
diaphragm, filled with clear liquid. T he cystic regi ons
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2-1. Adrenal gland, cotton-top tamarin. An 1.5 cm di -
ameter tan and red massin the typical locationofthe
right a drenal gl and ¢ ompresses t he a djacent ki dney.
Pheochromocytoma. Gross photograph courtesy of New
England Re gional Pri mate Researc h C enter, Harv ard
Medical School, Southborough, MA
http://www.hms.harvard.edu/nerprc/main.html

are c oalescing in areas re placing large portions of the
hepatic parenchyma. T here are a few tan masses in the
liver measuring 2-4 mm in diameter. Bilaterally the cor-
tex of the kidneys is light tan and contains many small
cysts. The lungs are edematous and there is pink foam in
the trachea. The left AV valve of the heart has mild, ir-
regular thickening of the valve leaflet (endocardiosis).

Laboratory Results : Tumor cells were p ositive fo r
chromogranin A, neuron specific enolase (NSE) and syn-
aptophysin.

Tumor cells were negative for GFAP, VIP, somatostatin,
S-100, cytokeratin, NFP and substance P.

Contributor’s Morphologic Diagnosis:
Adrenal gland:

1) Pheochromocytoma

2) Myelolipoma (not in all sections)

Contributor’s Comment: Pheochromocytomas are neu-
roendocrine neoplasms derived from chromaffin cells of
the adrenal medulla and are most common in dogs, cattle
and rats.” T he adrenal medulla derives from the neural
crest and co nsists o f three t ypes of cells: Ch romaffin,
neuronal (ganglion-like), and sustentacular cells.® Chro-
maffin a nd ganglion-like c ells are desce ndent f rom a

common sym pathoadrenal neu roblastic p recursor, ¢ x-
press neuronal cytoskeletal proteins an d exhibit cat e-
cholaminergic properties.® Suste ntacular cells are stro-
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mal or s upportive celIs and possess m orphologic, func-
tional and an tigenic properties sim ilar to tho se of
Schwann and satellite cells.®

A di agnosis of a m alignant phe ochromocytoma in do -
mestic animals is based on invasion of the capsule and
adjacent structures (e.g. vena cava) and/or metastasis. In
humans, both capsular and vascular invasion may be e n-
countered in ben ign lesi ons. Th erefore, a diagnosis of
malignancy is based exclusively on t he presence of me-
tastases.” Th e m etastases may in volve regio nal lym ph
nodes, as well as more distant sites in cluding liver, lung,
spleen and bone.>” T here are only a fe w reports of ma-
lignant pheochromocytomas with multiple metastases in

domestic animals."

Functional p heochromocytomas have bee n reported i n-
frequently in animals.” Thes e tumors may occasionally
be associated with clinical signs as a result of the ¢ on-
tinuous or episodic secretion of one or more of the cate-
cholamines: ep inephrine, nor epinephrine or d opamine.*’
Elevations of blood pressure induced by the sudden re-
lease of catec holamines can precipitate acute congestive
heart fai lure, pulmonary ed ema, myocardial infarction,
ventricular fibrillation and cerebral hemorrhage.”” In this
case, clinical cardiac abnorm alities and histologic find-
ings of myocardial fibrosis (slide not submitted) might
suggest catecholamine producti on by the tumor. Human
pheochromocytomas are k nownt o p roduce s ustained
hypertension in one-third of cases and experimental cate-
cholamine administration induces myofibrillar d egenera-
tion and in terstitial fib rosis in an imals." However,
plasma catecholamine levels and ur inary excretion of
catecholamines and their metabolites were not measured
in this case.

In n onhuman pri mates adre nal gl and t umors are ra re.
Recognized tumors include: myelolipomas, pheochromo-
cytomas, cortical ade nomas, cortical ade nocarcinomas,
paragangliomas, m edullary f ibromas and hemangioma/
angiomas.' In  New World no nhuman pr imates w ith
spontaneous en docrine n eoplasia th e ad renal gland is

most frequ ently affect ed wi th pheochromocytomas re-

ported most often.” Other adrenal gland tumors in New
World m onkeysi nclude myelolipomas.! A mong
prosimian and Old World primates pheoc hromocytomas
have been reported in the ring-tailed lemur (Lemur catta),
rhesus monkey (Macaca mulatta) and cynomolygus mon-
key (Macaca fascicularis).” In humans, pheochromocy-
toma is an uncommon neoplasm and is usually a beni gn
tumor affecting one or both adrenals.’

At the New England Primate Research Center, myeloli-
pomas and pheochromocytomas are t he t wo m ost com -
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monly recogni zed neoplasms int he a drenal glands of
aged Cotton-top tamarins. In humans, most pheochromo-
cytomas occur sporadically in adults with a slight female
preponderance.” About 10% o ccur i n sev eral, m ostly
autosomal d ominant, fam ilial syn dromes in cluding th e
multiple en docrine n eoplasia (MEN) syndr omes, typ e 1
neurofibromatosis, von H ippel-Lindau di sease an d
Sturge-Weber sy ndrome.” Int he fam ilial syndrom es,
many arise in childhood with a strong male p reponder-
ance. Most of the tumors in the syndromes are bilateral
(70%), but in th e nonfamilial settin g only 10 -15% are

bilateral.”

In so me o f the section s of adrenal from th is an imal a

myelolipoma was al so recognized. Myelolipom as are a

benign 1 esion com monly e ncountered i nt he a drenal
glands of cattle and nonhuman primates and infrequently
in other animals.” They a re composed of accumulations
of well-differentiated a dipose cel Is a nd hematopoietic
tissue, in cluding both m yeloid an d lym phoid elem ents.
Focal areas of mineralization or bone formation may oc-
cur. A Ithough the origin of th ese lesion s is uncertain,
they appear to develop by metaplastic transformation of
cells in th e adren al cortex or cells lin ing adrenal sinu-
soids.”

AFIP Di agnosis: A drenal gland: Phe ochromocytoma,
Cotton-top tamarin (Saguinus oedipus), primate (Fig. 2-2
and 2-3).

Conference Comment: The contributor gives an excel-
lent ove rview of pheochromocytomas and t heir origin.
They occur mo st often in cattle, d ogs and some lab ora-
tory rats.” In dogs, Boxers appear to be overrepresented,
and F344 rat s wi th m ore severe ¢ hronic pr ogressive
glomerulopathy have been f ound to have an increased
incidence.”* In bulls and humans, phe ochromocytomas
have bee n associated with calcitonin se creting C -cell
(ultimobranchial) tumors of the thyroid gland.”

Tumor development within the adrenal medulla has been
associated with multiple factors, including genetics, die-
tary fact ors, ¢ hronic hi gh levels o f growth h ormone or
prolactin associated with pituitary tumors, and autonomic
nervous system stimulation.’

In dogs, caval thrombi occur more frequently with pheo-
chromocytomas than adrenal cortical tumors. The caval
thrombus primarily develops as an intraluminal extension
from the phre nicoabdominal veins rather than by direct
invasion of the vena cava.’

Rats h ave three typ es of ch romaffin cells: ep inephrine
cells, norepinephrine cells, and small granule-containing
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cells, unlike human chromaffin cells, which contain both
epinephrine and norepinephrine granules within a si ngle
cell.® Eith er ep inephrine or norepi nephrine secreting
cells, or both may be found within a pheochromocytoma.
Ultrastructurally, norepinephrine granules have an eccen-
trically placed, sm all, electron dense core that is s ur-
rounded by a wide submembranous space.” Ep inephrine
granules have a ¢ oarse granular c ore that is l ess dense
than that of norepinephrine granules, and has a narrower
submembranous space.” In dogs, norepinephrine appears
to be the principle catecholamine secreted by pheochro-
mocytomas.”

Contributor: New England Regional Primate Research
Center, Harvard Medical School, Southborough, MA
http://www.hms.harvard.edu/nerprc/main.html
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2-3. Adrenal gland, cotton-top tamarin. There are small
variably-sized nests of neoplastic cells within the subcap-

sular vasculature (star). (HE 400X).
<
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CASE III — 040739-16 (AFIP 3073369).

Signalment: 4-year-old, female, cy nomolgus m acaque
(Macaca fascicularis).

History: Animal caretakers observed a 4-year-old, fe-
male, cy nomolgus m acaque ( Macaca fa scicularis), ¢ ol-
ony animal, as being in estrous and not eating well. Dur-
ing physical examination by the laboratory animal veteri-
narian, th e an imal w as le thargic, dehydrated, and th ere
was a m oderate am ount of perineal bl oody discha rge.
Initial treatmen tin cluded o ral non-steroidal an ti-
inflammatory (aspirin) and oral electrolyte replacement.
There was no clinical improvement and the re gimen was
changed to intramuscular flunixin meglumine, intramus-
cular e nrofloxacin, and 300 m1 of s ubcutaneous fI uids.
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3-1. Urinary bladder, cynomolgus macaque.
The urinary bladder contains a mixture of clot-
ted blood and bloody urine.

3-2. Urinary bladder, cynomolgus macaque.
The mucosa and muscular wall are necrotic and
friable.

Gross photographs courtesy of U.S. Army Medi-
cal Research Institute of Infectious Diseases
Fort Detrick, MD 21702-5011

The animal’s physical condition continued to deteriorate
and s he beca me unresponsive and hypothermic. A ddi-
tionally, in creased capillary refill time, bilateral nystag-
mus, mucoid diarrhea, persistent bleeding from the per-
ineum an d si gnificant abdomin al p ain wer e ob served.
The macaque was treated for shock and s uspected sepsis
using intravenous fluids with 2.75% dextrose and contin-
ued intramuscular enrofloxacin and flunixin meglumine.
Despite these aggressive therapies, the animal succumbed
and a complete necropsy was performed.

Gross P athology: Gross necropsy findings included
moderate bl oody discharge from the vulva. T he mucus
membranes of th e lip s, m outh, con junctiva, an d sclera
were diffusely pale white. The urinary bladder was di f-
fusely green to black, distended, and contained a mixture
of dark red to greenish black fluid t hat w as irregularly
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(Fig. 3-1). The mucosa and muscular wall of the urinary
bladder were friable and easily torn (necrotic) (Fig. 3-2).
The hemorrhagic contents from the urinary bladder and
the heart blood we re sampled at necropsy for microbial
culture; th e heart blood was ex tremely thin and watery
during collection.

granular t o cl umped (cl otted bl ood a nd bloody urine) F
s
/v

[

Laboratory Results: Sections we re stained by the
Gram-Twort s taining m ethod. De paraffinized sect ions
were immersed in crystal violet for 1 minute and stained
with Lugol’s iodine and neutral red/ fast green. G ram-
positive organisms stain blue to black and Gram-negative
organisms stain pink to red.

Heart blood culture: No growth after 72 hours
Urine culture: Corynebacterium sp.

Histopathologic D escription: W ithin the section of
urinary bladder there is transmural necrohe morrhagic to
fibrinosuppurative cystitis that is diffuse and severe (Fig.
3-3). The urinary bladder mucosa is replaced by a fi bri-
nonecrotic (diphtheritic) membrane or pseudomembrane,
composed of abundant fibrin, hemorrhage, necrotic tran-
sitional epithelial cells, degenerate neutrophils, and many
coryneform bacteria (Fig. 3-4). T he wall of t he urinary
bladder (submucosa, muscular tunic, and serosa)is e x-
panded three to four time’s normal thickness by abundant
fibrin, e dema, hem orrhage, and viable a nd de generate
neutrophils. Blood ve ssels are ¢ ongested and t hereis
multifocal necrotizing vasculitis with disruption of archi-
tecture in so me/all vessel tunics (intima, media, and a d-
ventitia) and multifocally b lood v essels co ntain fibrin
thrombi.

Additional significant histologic findings in the cynomol-
gus macaque included acute to subacute fibrinous polyse-
rositis that in cluded the urinary bladder, st omach, p an-
creas and mesentery. T he in flammatory lesions on the
serosal surfaces of the viscera were attri buted to leakage
of the contents from the necrotic urinary bladder into the
abdomen (peritonitis).

3-3. Urinary bladder, cynomolgus macaque. Diffusely, there is transmural hemorrhage and loss of urothelium. (HE
20X).

3-4. Urinary bladder, cynomolgus macaque. Multifocally within areas of hemorrhage and necrosis there are large
colonies of bacteria. (HE 100X).

3-5. Urinary bladder, cynomolgus macaque. Pleomorphic short rods are Gram-positive. (Gram-Twort method, 400X).

Photomicrographs 3-4 and 3-5 courtesy of U.S. Army Medical Research Institute of Infectious Diseases
Fort Detrick, MD 21702-5011
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Contributor’s Morphologic Diagnoses:

1. Urinary bladder: Cys titis, n ecrohemorrhagic, tran s-
mural, subac ute, di ffuse, severe, wi th fibrinonecrotic
membrane, hemorrhage, ed ema, n ecrotizing v asculitis,
thrombi, stru ctural lo ss (perforation), and many Gra m
positive coryneform bacteria (Fig. 3-5).

2. Urinary bladder, serosa and mesentery: Serositis and
peritonitis, necrotizing, subacu te, diffuse, sev ere, with
neutrophilic and histiocytic inflammation, marked meso-
thelial cel 1 hy pertrophy a nd hy perplasia, hem orrhage,
fibrin and edema.

Contributor’s Comme nt: Corynebacterial in fections
are important causes of disease, morbidity, and death in
humans and various wild and domestic anim al species.
Corynebacterium di phtheriae causes di phtheriain hu-
mans, a highly contagious upper respiratory tract disease
characterized by a pse udomembrane within t he t onsil,
pharynx, andno se. However, m any no n-diphtheritic
coryneform b acteria are a component oft he bact erial
flora in th ¢ skin and mucous membranes, ubiquitous en-
vironmental or ganisms, and  potential op portunistic
pathogens.®”* W ith a few exceptions, the o pportunistic
infections caused by non -diphtheritic co ryneform b acte-
ria are frequently characterized by necrotizing tissue le-
sions7\9)vith sup purative inflammation inth e affected
host.”

Of'th e non -diphtheritic coryn eform b acteria, sev eral
members of t he Corynebacteria renale group, including
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C. renale (1), C. pilosum (II), and C. cystitidis (111), are
opportunistic urinary tract pathogens in domestic animals
and natural cau ses of cystitis, ureteritis, an d ascend ing
pyelonephritis in cattle. Th is condition in th ¢ bovid is
commonly k nown as bacillary p yelonephritis.**’ Ani-
mals may become predisposed to bacillary pyelonephritis
through physical or chemical damage to the lower geni-
tourinary t ract cause d by dystocia, u rinary bl adder pa-
ralysis, and urinary catheterization. Urinary tract infec-
tions are more common in females. These predisposing
factors disrupt t he host’s n atural defenses, suchast he
mucosal b arrier, an d m ay a llow in itial colo nization of
tissue with coryneform bacteria. Hem orrhagic urethritis,
cystitis, and pyelonephritis develop as a result o f ascend-
ing urinary tract infection %%

This case displayed similarities to corynebacterial urinary
tract infections in other animal species, including natural
and exp erimental in fections in cattle, goats, m ice an d
rats.>>®"'? Infectio n with C. rena le gr oup b acteria in
cattle in p articular may affect all o r part of the urinary
tract. In the urinary bladder, typical lesions include m u-
ral th ickening fro m in filtrating leuk ocytes and hemor-
rhage, vasculitis and fi brin t hrombi, m ucosal n ecrosis,
ulceration and perforation, hemorrhage; and re placement
ofthe mucosabya fibrinonecrotic (diphtheritic) m em-
brane.*®

Several b acterial virulence factors m ay predispose ani -
mals to infection and progression of necrohemorrhagic

Table of common pathogenic Corynebacteriae adapted from Jones et al.’ and Quinn et al.”

Organism Princi ple Species Disease

Corynebacterium diphtheriae Hunp an Diptheria

C. renale (Type I) Bovine "Bacillary" pyelonephritis, ureteritis, cystitis, may be
recovered from healthy individuals

C. cystitidis (Type 1) Bovine Hemorrhagic cystitis and pyelonephritis

C. pilosum (Type III) Bovine Cystitis and pyelonephritis

C. pseudotuberculosis Ovine and caprine

Caseous lymphadenitis, produces phospholipase D
exotoxin

Equine Ulcerative lymphangitis and pectoral abscesses
C. bovis Bovine Mastitis (rare), found in teat canal of 20% of apparently
healthy dairy cows
C. kutscheri R odents Pseudotuberculosis

C. ulcerans No n-human primates,
and many other spe-

cies

Bite wounds and abscesses
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urinary system lesions due to C. renale group organisms.
Corynebacteria renale group organisms p ossess pili, al-
lowing attachment to the urogenital mucosa and facilitat-
ing ascension of microbes into the bladder and kidneys.
The bacteria produce urease and hydrolyze urea, which
may be cont ributory to e xtensive ulceration o fthe mu-
cosa and necrosis in the affected tissues .>**'*  Thus,
high protein diets and subsequently elevated urinary urea
levels may predispose animals to disease because of the
ability to hydrolyze urea.’

Host factors may also predispose animals to infection. In
cattle, fem ales are m ore predisposed to infectio n th an
males due t o anatomic st ructure, hormonal i nfluences,
and risks associated with pregnancy or iatrogenic proce-
dures; infection in bulls is rare.® Females have short ure-
thras, which decreases the anatomic barrier bacteria must
overcome to reach t he urinary bladder and ki dneys, and
urethral trauma associated with dy stocia or cat heteriza-
tion m ay serve asi nitiating ev ents fo r i nfection.*'*!*
Hormone-induced changes in female animals may serve
as predisposing factors; high estro gen lev els may af fect
the functional integrity of the ep ithelium in the urethra
and urinary bladder; cattle with high estrogen levels that
graze pastures are reporte dly prone to infe ction with C.
renale.®’ In some animal species, such as the sow, estro-
gen causes an elevation in the urine pH, which may pro-
duce an al kaline environment optimal for expression of
bacterial pili and enhanced microbial survival and prolif-
eration.*'* S pontaneous and experimentally induced C.
renale infections i n a nimals are frequently associated

with al kaline urine, alt hough t his m ay b e r eflective of
post infection bacterial hydrolysis of urea and production
of ammonia rather than preexisting alkaluria.>*"

In this case, t he hi stopathologic findings of necrotizing
and h emorrhagic cystitis, an d th e microbial cu lture re-
sults from the contents of the urinary bladder support the
underlying cause o f death as com plications from infec-
tion by non-diphtheritic coryneform bacteria. The signal-
ment, clinical history, pathological findings a nd m icro-
bial culture results in this case of necrohemorrhagic cysti-
tis sh ow simil arities to spo ntaneous an d ex perimentally
induced corynebacterial urinary tract disease observed in
several animal species. The perineal bleeding was pre-
sumed to be normal estrous bleeding, therefore, diagnosis
and treatment were d elayed in this case. Sev ere urinary
tract infection due to corynebacteria should be incl uded
in the clinical differential diagnosis for protracted perin-
eal bleeding in macaques.

AFIP Dia gnosis: Urinary bl adder ( per co ntributor):
Cystitis, nec rohemorrhagic, t ransmural, di ffuse, severe,
with fi brin, ede ma, an d large co lonies of bacilli, cyn o-
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molgus macaque (Macaca fascicularis), primate.

Conference Comment: The contributor gives an exten-
sive o verview of Corynebacterium i nfections, th eir
pathogenesis and virulence factors. Al though members
of the Corynebacterium renale group are commonly as-
sociated with cystitis and pyelonephritis in cows, they are
not ge nerally associated with ca ses i n non-hum an pri -
mates."

In sheep, ulcerative po sthitis of wethers (also known as
sheath rot or pizzle rot) °, is a disease that occurs due to
the prese nce of a tra nsmissible ur ea-hydrolyzing b acte-
rium and the excretion of urine rich in urea.” The lesions
begin as an ulceration of the prepuce that may progress to
destruction of the urethral process and ulceration of the
glans penis.” C. renale, Rhodococcus equi, and C. hof-
manni have all been isolated from infections.’

In dogs and cats Corynebacterium urealyticum, a urease-
producing bacteria, is associ ated with alka line urine of
pH > 8 and struvite and calcium phosphate precipitations
that form encrustations al ong the  bladder wall. "'
Staphylococcus sp and some strains of Proteus mirabilis
are m ore ¢ ommonly associated with alkaline urine and
struvite production in dogs, but do not produce the muco-
sal encrustations seen with C. urealyticum.'

Contributor: U.S. Army Medical Research Institute of
Infectious Diseases
Fort Detrick, MD 21702-5011

Research at USAMRIID is conducted in compliance with

the Animal Welfare Act and other principles stated in the
Guide for the Care and Use of Laboratory Animals, Na-
tional Research Council, 1996. USAMRIID is accredited
by t he Ass ociation for Asses sment and Ac creditation of
Laboratory Animal Care International.
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CASE 1V — G7344 (AFTP 3034502).

Signalment: 5-year-ol d, i ntact male, rhesus m acaque
(Macaca mulatta), non-human primate.

History: This monkey was inoculated with simian im-
munodeficiency virus (SIV;,c239) on 25/08/05 via the
tonsillar route. Th ere was a h igh virus 1oad after t wo
weeks post infection. Twenty-five weeks after the tonsil-
lar challenge the animal showed a pu stular skin rash, de-
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teriorating general con dition and reduced ap petite. The
monkey was euthanized on 15/02/06 due to a p oor prog-
nosis.

Gross Pathology: At necropsy the rhesus macaque was
in a goo d nutritional condition. Th e sk in was co vered
with multiple sin gle to coalescin g umbilicated pu stules.
Pustules were p referentially fou nd within th e in guinal
region, the lips, the hands and feet but they also affected
the to ngue, the g ingiva and the orophary ngeal mucosa.
The skin pustules were umbilicated, covered with a ce n-
tral invaginated c rust and s urrounded by peripheral hy-
peremia.

Further findings included a severe, necrotising pneumo-
nia and splenitis, a generalized hyperplasia of the lymph
nodes and severe follicular hyperplasia of the spleen.

Laboratory Results: Immunohistochemistry: Herpes
simplex Type 1 and 2: negative

Histopathologic D escription: At microscopic examina-
tion the skin and the mucous membranes revealed focal
areas with e pidermal vesicu lation, e pidermal acanthosis,
acantholysis and ballooning degeneration as well a s full
thickness epi dermal necrosi s and ulceration. A mixed
inflammatory in filtrate co mposed of neutrophilic an d
eosinophilic granu locytes, few histiocytes and ly mpho-
cytes accom panied the process. Insome locations hair
follicles and sebaceous glands were involved in the der-
mal process. Intact affected cells of the vesicle base or
margin contained single round to oval intracytoplasmatic
inclusion bodies identical w ith Gu arnieri bodies. The
Guarnieri bodies were eo sinophilic and lay clo se to the
nuclei of infected cells. Th ey were rand omly distributed
within the altered epithelium. Rare syn cytia formations
were found close to the basal epithelial layer. At the skin
of soles and palms the lesion was arrested in the vesicular
stage, co vered with at hick intact ep idermal cell layer
(not included in all sections).

Transmission electron m icroscopy of sk in sam ples re-
vealed single orthopox like particles in the cytoplasma of
keratinocytes.

Monkey pox virus was diagnosed by PCR and cel 1 cul -
ture.

Contributor’s Morphologic Diagnosis: Tongue: Der-
matitis, ero sive-ulcerative, subacute, m ultifocal, sev ere,
with single i ntracytoplasmatic eo sinophilic in clusion
bodies, rhes us macaque ( Macaca mu latta), non -human
primate.

Skin: Dermatitis, proliferative, pustular, subacute, multi-
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focal, severe, with single eosinophilic intracytoplasmatic
basophilic inclusion bodies and rare syncytia, rhesus ma-
caque (Macaca mulatta), non-human primate.

Contributor’s Comme nt: Monkeypox isa rare viral
disease that is found mostly in the rainforest countries of
Central and West Africa. The disea se is called
“monkeypox” because it was first disc overed in labora-
tory monkeys in 1958.

Monkeypox virus belongs to the orthopox virus group of
pox-viruses. Other orthopox viruses that can cause infec-
tion in humans and non -human primates include variola
(smallpox), va ccinia (use d i n sm allpox vaccine), a nd
cowpox viruses. Pox-viruses are large, complex double
stranded DNA viruses.

Naturally m onkeypox virus only occursin the tropical
rain forest of Western and Central Africa, where it causes
subclinical endemic infections in sev eral non-human pri-
mate (NHP) s pecies. Inthe past o utbreaks have been
reported in cap tive NHP’s, primarily rh esus and cyno -
molgus, invo Iving institutes i mporting large numbers of
macaques. But the disease has also been reported in mar-
mosets, squirrel monkeys, langurs, baboons, orangutans,
gorillas, gibbons and chim panzees.*'" Th e first h uman
case of monkeypox was reported in 1970. Till then se v-
eral human cases o f monkeypox appeared in the tropical
rain forest areas of West and Central Africa as isolated

cases or as small epidemics. In th ese regions the infec-

tion causes a seriou s, sometimes fatal s mallpox-like dis-
ease among young people. Transmission occurs probably
aerogenously, by biting or other contacts. People can get
monkeypox from an i nfected ani mal t hrough a bite or

direct contact with the infected animal’s blood, body flu-
ids, or lesions (bush meat problem). In 2003 monkeypox
was reported among several residents in the United States
who became ill after ha ving contact with sick imported
prairie dogs. The di sease can be s pread from person to
person too, but it is much less infectious than smallpox.

In non-human p rimates th e disease in usually ex hibit a
high morbidity and low mortality. Clinical signs may be
inapparent or animals may exhibit fever, lymphadenopa-
thy and cutaneous eruptions. Death is uncommon except
in infant monkeys. Typical pocks appear as papules of 1
to 4 mm in diameter, which then develop into pustules
containing cell debris. The pustules become umbilicated
and covered by crusts. T he most common sites of pock
formation in the monkeys are the face, hands and feet, the
mucous m embranes o ft he oral ca vity an d t he genital
tract, but also pharynx, lar ynx trachea, lung, s pleen and
lymph nodes are commonly involved.
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Today we gained ex perience wi th t he outcome of t he
disease in immunocompromised monkeys. This acciden-
tal case of m onkeypox in an im munocompromised ani -
mal described here showed that the disease outcome was
characterized by severe vesicular e xanthema. The s kin
rash was acc ompanied by severe respiratory t racti n-
volvement and progression of the disease was fatal. Till

now it is not clear how transmission occurred in this case.
Diagnosis was complicated due to the minimal content of
inclusion bod ies ind icative fo r poxvirus i nfection. By

electron microscopy typical orthopox like viral particles
were demonstrable. An Eczema her peticatum was con-
sidered as differential diagnosis, but immunohistochemis-
try for Herpes simplex type 1 and 2 was negative.

AFIP Diagnosis: 1. Glabrous skin: Dermatitis, vesicu-
lopustular, foc ally extensiv e, marked, wit h acant hosis
and bal looning degeneration, rhesus m acaque ( Macaca
mulatta), primate (Fig. 4-1).

2. Haired skin: Dermatitis, necroulcerative, neutrophilic
and eosinophilic, focally extensive, severe with balloon-
ing degeneration.

3. Ton gue: Glossitis, necroulcerative, n eutrophilic and
eosinophilic, multifocal, marked, with ballooning degen-
eration and intralesional cocci (Fig. 4-2 and 4-3).

Conference Comment : In 2003, several people in the
Midwestern United States were diagnosed with monkey-
pox virus infection. All affected individuals were associ-
ated with e xposure to captive prairie dogs that had been
housed with Gambian gi ant po uched rat s ( Cricetomys
sp.), ro pe sq uirrels (Funiscuirus spp.), and /or dormice

I ‘
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4-1. Foot, rhesus macaque (Macaca mulatta). Within
the epidermis there is a focally extensive vesiculopustule.
(HE 20X).
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4-2. Tongue, rhesus macaque (Macaca mulatta). Within the mucosal epithelium there is a focally extensive ulcer. (HE

20X).
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4-3. Tongue, rhesus macaque (Macaca mulatta). Within necrotic areas there are high numbers of nondegenerate
neutrophils admixed with fewer histiocytes, lymphocyte, eosinophils and rare multinucleated syncytial cells. (HE 400X).

(Graphiurus sp.) that originated from Ghana.>* As of 30
July 2003, 72 human cases had been reported of human
monkeypox vi rus infection.” Affecte d individuals in-
cluded veterinarians, pet store personnel, an animal dis-
tributor, and children and parents that bought the infected
rodents.”

Ultrastructurally, orthopox vir uses are 37 5 X 20 0nm
particles, located free i n the cytoplasm, composed of an
outer m embrane encl osing a characteri stic dum bell-
shaped inner electron lucent core that is bounded by two
lateral bodies.*

Contributor: Ge rman Primate Center, Departm ent of
Infectious Pat hology, Kellnerw eg 4, 3707 7 Go ttingen,
Germany

http://dpz.gwdg.de
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Orthopoxvirus diseases of animals. Table extracted from Ginn et al.’

Orthopoxvirus Key points

Camelpox virus Dromedary camels; clinically identical to camel contagious ec-
thyma (parapox)

Cowpox virus Cutaneous and occasionally respiratory lesions in domestic cats;

on face and forepaws; affects wild and domestic Felidae, cattle,
dogs, rodents, humans; not endemic in cattle, and infections in
cattle are uncommon; wild rodents are the reservoir; severe fatal
pneumonia in elephants

Ectromelia virus (mousepox virus)® Limb amputation in surviving mice; systemic infection

Monkeypox virus Rodents, New Wold monkeys, and great apes; systemic disease

Buffalopox virus Affects waterbuffalo in India; Zebu cattle apparently refractory to
infection; closely related to Vaccinia virus

Uasin Gishu disease virus (unassigned) Horsepox became naturally extinct in 19th century; recent unchar-

acterized orthopox viruses isolated from horses with equine papu-
lar dermatitis, and in equines with Uasin Gishu disease in Kenya;
are found closely related to Vaccinia virus and cowpox virus
Vaccinia virus Does not cause natural infection in domestic animals

Variola virus (human smallpox) Affects humans and non-human primates; irradicated?
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