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CASE I  –  A7-005112 (AFIP 3069593).   
 
Signalment:  Ten-week-old, female, Bo rder co llie do g, 
Canis familiaris. 
   
History:  The  10 -week-old puppy was e uthanized and 
submitted fo r necropsy with  a h istory of ascen ding pro-
gressive m uscle weak ness, n eutrophilic leuk ocytosis, 
non-regenerative a nemia, a nd elevated a lkaline phos-
phatase levels. 
 
Gross Pa thology:  The ca rcass was in good physical 
condition and post mortem autolysis was mild.  Mucopu-
rulent ocular di scharge and crust s were pr esent bilater-
ally.  M ucus membranes, s ubcutaneous t issues a nd vi s-
cera were u niformly pal e.  Small num bers o f petechia 
were present in the peritoneum overlying the ventral ab-
dominal m uscles.  A diffuse copp er tin t was presen t 
throughout the liv er parenchyma.  In testinal con tents 
were bright yellow and watery.  No additional significant 
gross abnormalities were identified.   
 
Laboratory Results: FA negative fo r canine di stemper 
and infectious canine hepatitis viruses. 
 
Histopathologic D escription:  Skeletal muscle:  E ndo-
mysial areas are i nfiltrated b y scattered sm all mixed 
populations o f neutrophils and macrophages.  C ombina-

tions of m acrophages a nd neutrophils al so c ommonly 
form multifocal, larg e, v ascularized nodul ar aggregates 
containing myofiber f ragments.  Within these pyogranu-
lomas, macrophages ofte n possess  an eccentric nucle us 
due to th e presence of single, small, round, amphophilic, 
intracytoplasmic parasite (f ig. 1-1).  Scattered th rough-
out are numerous, r ound to oval , 50 -100 µm  structures 
containing a central, fin ely g ranular, p ale eosinophilic 
core, with 1-2 ill-d efined nuclei.  Surro unding th e core 
are multiple layers of lacy, pale basophilic material and a 
thin outer wall o f flatten ed cells with  elon gated nuclei 
(“onion cysts”).  These structures elicit litt le or no direct 
inflammatory resp onse.  P resent in so me sectio ns are 
similarly sized structu res (mero nts) with a large p ale 
eosinophilic core lined peripherally by either m arginated 
nuclear m aterial o r elong ated bod ies (m erozoites) with 
deep basophilic nuclei.  Blood vessels contain  increased 
numbers of neutrophils and macrophages. 
 
Contributor’s Morpho logic Diagn osis:  Skeletal mus-
cle:  Myo sitis, p yogranulomatous, wi despread, ch ronic, 
severe, with m ultifocal intralesional Hepatozoon am eri-
canum zoites and meronts 
 
Contributor’s Comment:  The hi story and hi stopa-
thologic findings are  c onsistent wi th Am erican ca nine 
hepatozoonosis, a debilitating, tick-borne disease of dogs 
in the south-central and southeastern United States.  Th e 
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muscle with in “on ion sk in” cysts 
created by layers of host sec reted 
mucopolysaccharide.  No si milar 
lesion is associated with H. canis, 
which rarely o ccurs in muscle.  
Disease from  H. am ericanum is 
more severe than that seen with 
H. c anis.  De veloping o rganisms 
are shielded fro m th e dog ’s im -
mune syste m, bu t elicit in tense 
local py ogranulomatous i nflam-
mation, systemic reactio n, and 
overt illness when merozoites are 
released.  Local lesions  e volve 
into vascul ar gra nulomas.  Dis-
eased dogs are often febrile and 
lethargic, with  stiff g aits, mu-
copurulent oc ular discharge, an d 
atrophy of the head muscles.  
Clinicopathological find ings in -
clude m ature n eutrophilia, in -
creased alkaline phosphatase, and 
hypoalbuminemia.  Periosteal 
bone proliferation m ay be seen  
radiographically and at ne-
cropsy.2,3,5  
 
AFIP Di agnosis:  Skeletal m us-
cle:  Myo sitis, pyogranulomatous, 
multifocal, m oderate, with fi bro-

sis, and  in tracellular p rotozoal cysts an d zo ites etio logy 
consistent with  Hepatozoon a mericanum, Bord er co llie 
(Canis familiaris), canine. 
 
Conference Comment :  T he disease c ourse of Hepato-
zoon can is, the causative a gent of Old World he pato-
zoonosis, is generally m ild with l ow lev els of para-
sitemia, but severe illness occurs occasionally with nearly 
100% of neutrophils containing parasites.1,2  In the  case 
of Hepatozoon americanum infection, the causative agent 
of American canine hepatozoonosis, parasitemia remains 
very low, and often less than 0.1% of leukocytes are i n-
fected, even in cases of severe illness.1,2   
 
When H. americanum was first identified, Rhipicephalus 
sanguineus was thought to be the vector for transmission, 
as it is  a known vector for H. canis.  Even current litera-
ture has implied the role of R. sanguineus in transmission 
of H. am ericanum.6  In fact, the pr imary vector for H. 
americanum appears to be Amblyomma maculatum, as R. 
sanguineus, Dermacentor va riabilis, and Amblyomma 
americanum appear refractory to infection.3,8 
 
In addition to the lesions within skeletal and cardiac mus-

diagnosis was confirmed by PCR and se quence analysis.  
Discovered in 1978, H. a mericanum was advanced as a  
distinct species from its Old World counterpart, H. canis, 
in 1997.1,8  At least 46 Hepatozoon species infect m am-
mals and m ore than 120 infect snakes.  T ransmission of 
the ap icomplexans to  th eir vertebrate i ntermediate h osts 
occurs through hematophagous invertebrates.  Like their 
Plasmodium a nd Babesia sp p. rel atives, m any hepato-
zoons occur in erythrocytes.  However, most of the mam-
malian parasites infect leukocytes and us e acarines as  
definitive hosts or vectors.  Interestingly, H. americanum 
is spread b y th e i ngestion of infected ticks rat her th an 
through their feeding activities.3 
 
It is b elieved th at H. a mericanum c rossed i nto ca nids 
from unk nown ve rtebrates only rece ntly, whe reas H. 
canis h as a long h istory w ith do gs.  The v ector fo r H. 
americanum is Amblyomma macul atum, gam onts are 
found i n m onocytes, a nd m erogony occurs i n host cel ls 
lodged between striated m uscle fibe rs.  In c ontrast, 
Rhipicephalus sa nguineus is a primary vector for H. 
canis, the neutrophil is th e favored host cell, and  merog-
ony takes place in a wide variety of tissues.  M eronts of 
H. am ericanum de velop m ost co nsistently i n st riated 

1-1.  Skeletal muscle, Boxer.  Expanding and separating myocytes are 50 to 100 
micrometer intracellular meronts, characterized by a central finely granular eosino-
philic core with 1-2 nuclei (arrowheads).  These are surrounded by layers of a 
myxomatous to lacy, pale basophilic material (star) and further bounded by a rim of 
compressed cells with flattened nuclei (arrows).  Photomicrograph courtesy of the 
Department of Pathology, College of Veterinary Medicine, The University of Geor-
gia, 501 D.W. Brooks Drive, Athens, GA 30602  
___________________________________________________________________ 
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Animals, ed. M axie MG, 5t h ed., vol . 1, pp . 270-271. 
Elsevier Limited, St. Louis, MO, 2007 
8.  Vincent-Johnson NA , MacIntire DK, Li ndsay DS, 
Lenz S D, B aneth G , Shkap V, B lagburn B L: A  new 
hepatozoon species from dogs: Description of the causa-
tive agent of canine hepatozo onosis in North Am erica. 
Am J Parasitol 83:1165-1172, 1997   
 

  
 
CASE II – Pfizer-05/Case2 (AFIP 3024116).     
 
Signalment:  Fi ve-year-old, i ntact, bea gle do g ( Canis 
familiaris) 
 
History:  Dog had diarrhea for 2-3 days with unproduc-
tive v omiting startin g o n the third d ay.  At  the o nset o f 
vomiting a physical ex am revealed a p alpable abdominal 
mass and the dog was euthanized. 
 
Gross Pa thology:  There were numerous multifocal 1-3 
mm, white masses throughout the mesentery with 3-5, 3-
10 mm white masses on right renal capsule. 
 
Laboratory Results:  Pan Cytokeratin (+), Vimentin (+), 
S-100 (-), SMA (-), Desmin (-) 
 
Histopathologic Description:  Overlying the serosa and 
throughout the mesentery are hypercellular papillary pro-
jections and  disorganized mats o f cells (fo rming layers 
and clum ps) that overlay c ores of  fi brovascular stroma.  
The plump, pleo morphic, neo plastic m esothelial cells 
have indistinct cel l margins, variable amounts o f l ightly 
eosinophilic cytoplasm, round nuclei with stippled chro-
matin and 1 nucleolus.  There are 4-7 mitotic figures per 
high power field.  Throughout the neoplastic tissues there 

cle, H. americanum i s known to cause severe periosteal 
bone proliferation of proximal limbs.3  Fl at bones can be 
markedly, bu t less commonly, affected, and distal limbs 
are often spared.3  The periosteal reaction shares common 
features wi th hy pertrophic ost eopathy in dogs.3  The 
pathogenesis of  the reaction is unk nown, as th ere are no 
parasites identified with the bone lesions, and the inciting 
factors have not been identified.   
 
Severe muscle wast ing, es pecially of t he t emporal mus-
cles, is also a feature of H. americanum.3 
 
We thank Dr. C. H. Gard iner, PhD, veterinary parasitol-
ogy consultant to the AFIP, for his review of this case. 
 
 
Contributor:  Department of Pathology, College of Vet-
erinary Medicine, The University of Georgia, 501 D.W. 
Brooks Drive, Athens, GA 30602    
http://www.vet.uga.edu/VPP/index.php 
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2-1.  Mesentery, beagle.  Neoplastic cells display marked 
anisocytosis and anisokaryosis with occasional multinu-
cleate giant cells (arrowheads) and frequent bizarre mi-
toses (arrows).  Photomicrograph courtesy of Pfizer 
Groton (PRGD), Groton, CT  —> 
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is anisokary osis, bizarre m itoses, multinucleate g iant 
cells (fi g. 2-1), apoptotic cells an d large cells with frag-
mented nuclei.  Neoplastic cells are pancytokeratin and 
vimentin positive while negative for smooth muscle actin 
(SMA), desmin, and S-100. 
 
Contributor’s Morphologic Diagnosis:  Biphasic meso-
thelioma 
 
Contributor’s Comment :  Mesotheliomas are rare pri-
mary tumors of th e squamous epithelium lining the peri-
cardial, peritoneal, and pleural cavities.  Th ey rarely me-
tastasize and are locally invasive.8  Though they are most 
commonly rep orted i n cal ves a nd dogs8 th ey ar e a lso 
found in rodents10,18, fish6, horses, cattle, sheep , cats and 
pigs.2  Peritoneal mesotheliomas are most freq uent in  a 
majority of species with th e ex ception of pleural m eso-
theliomas in  pigs.2  Clin ical sig ns vary with lo cation.  
Pericardial signs include cardiac tamponade and conges-
tive heart failure.8  Pulmonary tumors may cause pleural 
effusion and dyspnea1 while peritoneal tumors may cause 
ascites.5 
 
Mesotheliomas i n cal ves a nd other neonates are sus-
pected t o be due t o s pontaneous developmental di stur-
bances.9  D og and human mesotheliomas l inked to min-
eral fibers such as asbestos and erionite exposure may be 
due to physical irritatio n of mesothelium, d isruption of 
the mito tic p rocess lead ing to chro mosome d amage, in -
creased reacti ve oxygen i ntermediate generation a nd/or 
persistent ki nase-mediated si gnaling.9,14  Meso theliomas 
are also  reported to  be lin ked to  ex ogenous h ormones, 
metals and hy drocarbons as  wel l as vi ruses (i ncluding 
SV40 virus).6  
 
Mesotheliomas have three histological presentations with 
epitheloid, sa rcomatous an d biphasic f orms.  Epi theloid 
forms o ften hav e p apillary stru ctures lin ed b y cu boidal 
basophilic m esothelial cells wh ile sarcomato us form s 
have spindle cells and  large anisocytotic cells with abun -
dant eo sinophlic cyto plasm an d distinct cell margins.5  
Biphasic forms have characteristics of both. 
 
Differential di agnosis incl ude serous ca rcinomas and 
normal activated / reactiv e mesothelium.  Differen tiation 
of the se t hree entities ca n be challenging.  Reactive  
mesothelium usually is no t in vasive and h as less cy-
tologic atypia while carci nomas form  acinar str uctures.8  
Immunohistochemistry i s useful  in di fferentiating meso-
theliomas from  carcin omas.  Meso theliomas often stain 
positive fo r v imentin, cytokeratin2, LP 34 and also stain 
for t umor glycoprotein BER EP4 , S-100 and HMB 45.1  
They stain negatively for carcinoembryonic a ntigen, 
CD15 (LEU M1).1  El ectron microscopy of mesothelio-

mas o ften r eveals lo ng, slender, branching and und ulate 
microvilli on ap ical surfaces wh ile sero us carcinomas 
have fewer, variably lengthed straight microvilli.11 
 
AFIP Diagn osis:  Fibroadipose t issue, m esentery ( per 
contributor):  Mesothelioma, Beag le ( Canis familia ris), 
canine. 
 
Conference Com ment:  Meso theliomas are tumors of 
low grade malignancy t hat u sually metastasize by  exf o-
liation and imp lantation of neoplastic cells. 1  In  humans 
mesotheliomas have been linked to ex posure to asb estos 
fibers, and there is suggestive evidence in animals that a 
similar link occurs as well.  Ferrug inous bodies, asbestos 
fibers coated by ferritin and an amorphous protein4, have 
been fou nd in th e lun gs of dogs with m esotheliomas.3,4  
In addition to asbestos fiber exposure, mesotheliomas are 
reported t o ar ise in r esponse to  non-fibrous and f ibrous 
non-asbestiform agents.8 
 
Cytologic diagnosis of mesotheliomas is d ifficult as neo-
plastic mesothelial cells are similar in appearance to reac-
tive m esothelial cells in  n on-neoplastic effu sions.8  Im-
munohistochemistry can b e use ful i n distinguishing 
mesotheliomas fro m o ther epithelial o r non-epithelial 
neoplasms, although in s ome insta nces electron m icros-
copy (EM) is necessary.  Characteristic EM features of 
mesothelial cells in clude lon g slend er, branching an d 
undulating microvilli on all ce ll surfaces a nd prominent 
desmosomes.1,11  The cy toplasm contains numerous bun-
dles of tonofilaments that are arrang ed ci rcumferentially 
around the nucleus.8  
  
F344 rats are predisposed to mesotheliomas in th e tunica 
vaginalis of t he testes with occasi onal subse quent im -
plantation on the serosal surfaces of the peritoneum.1,10,12 
 
Other neoplasms that have positive immunoreactivity for 
both cy tokeratin a nd vimentin i nclude m eningioma 8, 
chordoma8, clear cell a dnexal carcinom a16, ciliary body 
adenoma/adenocarcinoma7, an aplastic carci noma8, syno -
vial cell sarcoma (biphasic)8, and carcinosarcoma.15 
 
 
Contributor:  Pfizer Groton (PRGD), Groton, CT 
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CASE III – 06-0115 (AFIP 3054023).   
 
Signalment:  30-year-old, m ale, Am erican flam ingo 
(Pheonicopterus ruber) 
 
History:  Self-isolation from fl ock.  O n pre sentation, 
flamingo was weak and thin.  Supportive care was given, 
but bird was found dead two days later. 
 
Gross Pathology:  The plantar aspects of both feet (fig. 
3-1) have thickened/calloused 1-1.5 cm diameter lesions 
with a  sm all central c rater over t he proximal j oints of 
digits o ne, t wo, a nd t hree.  Ass ociated j oints c ontain 
cloudy, viscous fluid.  The abdominal air sacs, primarily 
on t he ri ght si de, have pinpoint gritty, white fo ci. Th e 
liver is firm  an d sub tly mo ttled yello w brown t o red 
brown, primarily on the edges and right lobe.  On section, 
there are multifocal pinpoint, cream-to-yellow nodules in 
the hepatic parenchyma.  The kidneys (fi g. 3- 2) are dis-
colored yellow to light brown with pinpoint, gritty, palely 
yellow foci.  The ureters are prominent. 
 
Laboratory Results:  
Joint fluid cytology at necropsy:  Articular gout. 
CBC revealed a leukocytosis (20.6 k/uL) with a hetero-
philia, lymphopenia and monocytosis.  Hyperfibrino-
genemia (700mg/dl), hypoglycemia (98mg/dl), hyper-
phosphatemia (11.2mg/dl), and hyponatremia (120mEq/
L) were evident on CP.  CP also showed elevations of 
uric acid (99.6mg/dl), CPK (3770 IU/L), and LDH (511 
IU/L). 
 
Histopathologic D escription:  Kidney:  Mu ltifocally, 
the renal architecture is d isrupted by tubulocentric gouty 
tophi (3-3) that are composed of an inner, radiating array 
of eosinophilic, acellular spicules surrounded by macro-
phages an d mu ltinucleated giant cells with few hetero-
phils.  Rarely the centers of these tophi are mineralized.  
Within glomerular l oops a nd occasionally expanding 
tubular basement membranes, there are lakes of homoge-
nous, eo sinophilic material (amyloid-like) (fig . 3-4) .  
There is a m oderate in crease in in terstitial fibrosis an d 
tubules are mild ly ectatic an d tortuo us.  Multifocally, 
lymphocytes a nd fe wer m acrophages a re present i n t he 
interstitium.   
 
Contributor’s Mor phologic Diagn oses:  1.  Ki dney:  
Gout, v isceral, m ultifocal, mark ed, with t ubular degen-
eration and  necrosis, an d ch ronic, in terstitial n ephritis, 
American flamingo (Phoenicopterus ruber) 
2.  Kidney:  Amyloidosis, glomerular and  i nterstitial, 
American flamingo (Phoenicopterus ruber) 
 
Contributor’s Com ment:  Of the m any avian s pecies, 
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waterfowl are  most oft en affect ed by am yloidosis.  
Though mammals produce over 15 kinds of amyloid pro-
tein, birds are known only to deposit amyloid AA.1  Ac-
cumulation of this protein in the extracellular spaces is a 
result of chronic antigenic stimulation and may be associ-
ated with su ch d iseases as bumblefoot, chronic en teritis, 
or pneumonic aspergillosis.  Depo sition o f a myloid AA 

occurs most frequently in t he liver, spleen, and intestine, 
but may occur in any organ of the body. 
 
Gout occurs i n t wo f orms:  art icular and visceral.1  Ar-
ticular gout is a chronic process with  an  uncertain etio l-
ogy th at resu lts in d eposition of urates and resultant 
granulomatous inflammation in the  joint  spaces, m ost 

3-1.  Plantar surface of foot, American flamingo.  Multifocally, the joints are markedly swollen with central craterform 
ulcers.   
3-2.  Kidneys, American flamingo.  Multifocally, the kidneys have a military pattern of white to yellow pinpoint foci of 
mineralization.  
3-3. Kidney, American flamingo.  Multifocally, expanding renal interstitium, separating, surrounding and replacing 
uriniferous tubules and glomeruli are radiating acicular gouty tophi surrounded by granulomatous inflammation.   
3-4.  Kidney, American flamingo.  Multifocally markedly expanding and replacing glomerular tufts, tubular and glome-
rular basement membranes and bowman’s capsule is an amorphous, eosinophilic, acellular homogenous material 
(amyloid-like material) (arrows)   
 
Gross photgraphs and photomicrograph courtesy of the Department of Pathology, National Zoological Park, 3001 Con-
necticut Ave NW, Washington DC, 20008 
________________________________________________________________________________________________ 

 3-1  3-2 

 3-3  3-4 
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Of the 62 American flamingos necropsied at the National 
Zoological Park since 1975, 21 (34%) have had amyloid 
deposition in at least on e tissue.  Amyloidosis was listed 
as the cause of death in 14 (23%) flamingos.  This find-
ing may indicate that this group of American flamingos, a 
closed flock si nce 1996, has a g enetic p redisposition to 
amyloid deposition. 
 
AFIP Di agnosis:  1 .  Kidney, g lomeruli, tu bules and  
vessels:  Am yloidosis, m ultifocal, m arked, Am erican 
flamingo (Pheonicopterus rubber), avian. 
2.  Ki dney:  Nephritis, tu bulointerstitial, g ranulomatous 
and heterophilic, multifocal, moderate, with p rotein casts 
and urate tophi. 
 
Conference Comment:  Gout is th e deposition of so -
dium urate crystals or urates in tissue; it occurs in species 
that lack the e nzyme uricase such as humans, birds, and 
reptiles.9  Uri case, or urate oxi dase, is an enzyme that 
catalyzes the oxidation of ur ic acid to 5-hydroxyisourate.  
In tho se an imals lack ing th is enzym e, uric acid is the 
final step in purine catabolism.  Uric acid and urates a re 
eliminated as semisolid urates in birds and reptiles.4 
 
Visceral a nd a rticular gout a re t wo se parate sy ndromes 
with di fferent etiologies, m orphologies, an d pat hogene-
sis. 
 
The diagnosis of visceral gout should not be considered a 

often o f the feet.  It is proposed that genetics or  a high 
protein diet may co ntribute to th is co ndition.  Visceral 
gout occurs more acutely than articular gout an d is ch ar-
acterized by  s mall gout y t ophi within t he renal  pa ren-
chyma and on the surface of the liver, heart and air sac s.  
In severe cases, gouty tophi may be seen within the liver 
and spleen parenchyma as well.  Th ese tophi incite little 
to no inflammatory response, as co mpared to deposits in 
articular gout, as their accum ulation is m ore rapid.  Vis-
ceral gout may occur due to dehydration or renal damage. 
 
Renal fun ction, in  b irds, is evaluated with th e measure-
ment of uric acid .  Th is co mpound is th e fi nal result of 
nitrogen catabo lism in  av ians an d is prod uced i n th e 
liver.1  If renal function is imp aired, uric aci d may build 
up in the  bloodstream and precipitate as crystals in th e 
tissues.4  The v alidity of t his test is not ab solute as  
plasma uric acid may rise with normal feeding or ovula-
tion, and may be normal in some cases of renal disease.3 
 
We hy pothesized t hat t his ag ed fl amingo developed a r-
ticular gou t over a period of tim e wh ich led to sev ere 
amyloidosis i n the  kidney, liver a nd s pleen.  T here was 
no other post mortem evidence of chronic disease, though 
this may have resolved by the time of death, leaving only 
amyloidosis as evidence of past pathology.  The deposi-
tion of large a mounts of protein in the inte rstitial spaces 
of the kidneys caused tubular degeneration and ischemia, 
leading to re nal failure , decreased uric ac id cleara nce, 
marked hyperuricemia and visceral gout. 

Extracted from Diseases of Poultry, Crespo, et al.1 

  Visceral Gout Articular Gout 
Onset Usually acute Usually chronic 

Frequency Common Rare 

Kidney Lesions Almost always involved, grossly abnormal, 
with white chalky deposits 

May become involved with de-
hydrations 

Joints May or may not be involved Always involved, especially the 
feet 

Pathogenesis Failure of urate excretion (renal failure) Possibly due to metabolic defect 
in secretion of urates by kidney 
tubules 

Causes Dehydration 
Nephrotoxicity 
Infectious agents 
Vitamin A deficiency 
Urolithiasis 
Neoplasia 
Immune mediated glomerulonephritis 
Others 

Genetics 
High protein diet 
Others 
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4th ed ., p. 110 0. Mo sby El sevier, St. Lou is, Missour i, 
2007 
 

 
 
CASE IV -  W406/07 (AFIP 3074808).    
 
Signalment:  12-month-old, female spayed, Bengal cat , 
Felis catus, feline. 
 
History:  Three week hi story of py rexia, progressive 
inappetance, weight loss, unilateral uveitis, upper respira-
tory stertor with serous nasal discharge.  Respiratory rate 
and effort was slightly inc reased.  Thoracic radiographs 
(fig. 4- 1) revealed a se vere generalized mixed parenchy-
mal pattern (fluffy increase in opacity throughout all lung 
lobes, co alescing in to small nodules).  Th e cat failed to 
respond to an timicrobial and supportive therapy and was 
euthanized.  
 
Gross P athologic Fi ndings:  The car cass of  a you ng 
adult, sp ayed fe male, felin e was in  poor body con dition 
and of adequate hydration.  T here was a tan-brown crust 
over the anterior nares.  Transverse sectioning of the na-
sal cavity revealed almost complete effacement (fig. 4-2) 
of the turbinate architecture by soft pink moist tissue with 
smaller areas of green-brown discoloration.  T he trachea 
contained a small amount of cream-colored stable foam.  
At t he l evel of t he bi furcation t here wa s a m oderate 
amount of pink t inged cl ear vi scid fl uid.  The pl eural 
surface of the lungs ( fig. 4-3) was ex tensively m ottled 
dark red.  On cut section the mottling extended through-
out the parenchyma.  
 
The liv er h ad a p ronounced acin ar pattern.  Mu ltifocal 
irregularly sha ped maroon di scolorations, which wer e 
often de pressed, were present o n t he ca psular surface 
(fig. 4-3).  
 
All other organ sy stems wer e e xamined wi th no further 
gross lesions detected.  
 
Laboratory Results:  Routine hematology and biochem-
istry were wi thin n ormal limits, exce pt for elevate d 
globulins (globulins 55 g/L, albumin 24 g/L, total protein 
79 g/L).  
 
Bronchoalveolar l avage c ontained l arge n umbers of  de -
generate nucleated cel ls an d an a bundance o f cel lular 
debris.  M arkedly i ncreased numbers of ne utrophils 
(85%) and an abundance of mucous were also noted.  
 

disease entity itself, but rather a sign of severe ren al dys-
function leading to hyperuricemia.1   
 
True gout m ust b e d istinguished fr om p seudogout i n 
which crystals other than sodium urate, such as calcium 
pyrophosphate d ehydrate or h ydroxyapatite, are d epos-
ited in joints.  Gr ossly, pseudogout app ears as cr eam-
colored gritty m aterial su rrounding th e jo int cap sule.  
This is in  contrast to  u rates wh ich are found i nside t he 
joint capsule and within the synovial fluid.  Tophi are not 
present in pseudogout.  Additionally, u rates are  radiolu-
cent, whereas calcium  deposits a re radiopaque.  True  
gout a ffects t he kidneys, pericardium, l iver, an d ot her 
internal orga ns, whereas ps eudogout only  affects the 
joints an d does not  a ppear t o occ ur i n other l ocations.  
Pseudogout h as b een reported in humans, Rhesus m a-
caques, dogs, and turtles.5,6 
 
 
Contributing I nstitution:  Department of  Pathology, 
National Z oological Pa rk, 3001 C onnecticut A ve NW, 
Washington DC, 20008 
 
References: 
1.  C respo R , Shivaprasad HL: Non infectious diseases. 
In: Diseases of Poultry, ed. Saif YM, 11th ed., pp. 1058-
1059, 1085-1086. Iowa State University Press, Ames, IA, 
2003 
2.  Donoghue S: Nutrition. In: Reptile Medicine and Sur-
gery, ed. Mader DR, 2nd ed., p. 281. Saunders Elsevier, 
St. Louis, Missouri, 2006 
3.  Gregory, CR: Urinary system. In: Duncan & Prasse’s 
Veterinary Laboratory Medicine: Clinical Pathology, eds. 
Latimer KS, Mahaffey EA, Prasse KW, 4th ed., pp. 253-
255. Iowa State University Press, Ames, IA, 2003 
4.  Hochleithner M: Patien t evaluation. In : Avian Medi-
cine, eds. Ritchie BW, H arrison G J, H arrison LR, pp. 
228-241. Wingers Publishing Inc., Lake Worth, FL, 1994 
5.  Jones TC, Hunt RD, King NW: Veterinary Pathology, 
6th ed., pp. 60-61. Williams & Wilkins, Baltimore, Mary-
land, 1997 
6.  Mader DR: Gout. In : Reptile Med icine and Surgery, 
ed. Mader DR, 2nd ed., p p. 793-800. Saunders Elsevier, 
St. Louis, Missouri, 2006 
7.  Myers R K, McGav in MD: Cellu lar and tissu e re-
sponses to injury. In: Pathologic Basis of Veterinary Dis-
ease, eds. McGavin MD, Za chary JF, 4t h ed., pp. 46-47. 
Mosby Elsevier, St. Louis, Missouri, 2007 
8.  Th ompson K:  B ones a nd joints. In: J ubb, Kennedy, 
and Palmer’s Pathology of Domestic Animals, ed. Maxie 
MG, 5th ed., vo l. 1, pp . 173-174. Elsev ier Saunders, 
Philadelphia, Pennsylvania, 2007 
9.  Weisbrode SE: Bone and joints. In: Pathologic Basis 
of Veterinary Disease, e ds. McGavin MD, Zachary J F, 



WSC 2007-2008 Conference 12 

9 

panded by numerous small mature lymphocytes. Numer-
ous plasma cells were present within the medullary cords. 
There was a si nus histiocytosis.  M ultifocal gran ulomas 
of varying size were scattered throughout the nodes.  
 
Bone marrow:  There was a marked increase in myeloid 
to erythroid ratio 
 
Contributor’s Morphologic Diagnosis:  1.  Nasal turbi-
nates:  Rhinitis and phlebitis, pyogranulomatous, chronic-
active, diffuse, severe. 
2.  L ung:  B ronchopneumonia, necrotising, g ranuloma-
tous chronic, multifocal to coalescing, severe. 
3.  Lymph n odes:  Lym phadenitis, gran ulomatous, 
chronic, multifocal, moderately severe.  
 
Contributor’s Com ment:  Feline i nfectious p eritonitis 
(FIP) is a worldwide fatal syste mic d isease of wild and 
domestic felid s wh ich is trig gered by infectio n with 
FCoV.  The disease syndrome was first described in 1963 
with the etio logical ag ent id entified in 1978.3  Granulo-
matous vasculitis an d perivasculitis (esp ecially of 
venules), fibrinous to granulomatous serositis, pyogranu-
lomatous i nflammation a nd granulomas i n o rgans a re 
characteristic histopathological lesions. 1,3,4  These result  
in t he s pectrum of “ wet” (with l arge am ounts o f hi ghly 
proteinaceous cavitory ef fusions) t o “ dry” (m ultifocal 
granulomas) clinical presentations.  
 
FCoV i s a  m ember of  t he f amily C oronaviridae, genus 
Coronavirus.  Coro naviruses are env eloped positive 
stranded RNA viruses averaging 100 nm in diameter and 
have c haracteristic petal s haped surface projections  
(peplomers) wh ich are responsible for the crown like 
(corona) electron m icroscopic appea rance.3  C orona vi -
ruses have relatively low s pecies specificity.  Ca nine 
coronavirus is closely related to FCoV and can infect cats 
causing diarrhea.  Exposed cats develop antibodies which 
cross-react with FCoV.  Infection with FCoV results in a  
spectrum of outcomes, from asym ptomatic enteric infec-
tion a nd healthy l ifelong ca rrier status, t hrough t o sy s-
temic en teric in fection to v irulent syste mic in fection 
(FIP).   
 
Coronavirus an tibodies are present in  up to 9 0% of cats 
in catteries a nd in up to 50% of cats  in si ngle cat house-
holds.3  However, FIP m orbidity is lo w, with on ly ap-
proximately 5% of FCoV infected cats developing FIP3,4, 
and those cats  that do de velop the disease are usually 
under 2 years of age.1  Infection usually takes place oral-
nasally from exposure to FCoV-containing feces.  Trans-
mission in sal iva can occur as the virus replicates in the 
tonsils in the early stages of infection.3  Respiratory drop-
let and urine are als o consi dered possi ble ve hicles for 

Serology 
Toxoplasmosis IFAT (IgG)  negative 
Toxoplasmosis IFAT (IgM)  negative 
Feline Calicivirus IFA Titre  >= 1:80 
Feline Herpes Virus IFA Titre    = 1:20 
Feline Panleukopaenia Virus IFA Titre   = 1:20 
Feline Coronavirus IFA Titre  >= 1:2560 
 
PCR 
Feline Immunodeficiency Virus PCR  negative 
 
Using a monoclonal antibody against Feline Coronavirus 
(FCoV), i mmunohistochemistry was performed o n sev -
eral sections of paraffin embedded formalin fixed tissue.  
FCoV-infected macrophages were detected in large num-
bers throughout the nasal submucosa.  
 
Histopathologic D escription:  Nasal turb inates:  The 
respiratory epithelium was generally intact with cilia pre-
sent an d su fficient nu mbers of  goblet cel ls, how ever, 
there were sm all to  lo cally ex tensive areas of ep ithelial 
erosion and surrounding attenuation and fibrinous exuda-
tion.  There w as moderate, pre dominately mononuclear 
inflammatory exocytosis.  Turbinate structure was largely 
obliterated by a necrotizing inflammatory infiltrate.  The 
submucosa c ontained a diffuse se vere m ixed, p redomi-
nately ly mphoplasmacytic in flammatory in filtrate.  Nu -
merous veins (fi g. 4- 4) were occluded by intense aggre-
gations of  monocytes and m acrophages adm ixed with 
neutrophils.  Many of these leucocytes were disintegrat-
ing.  Vascular walls were often effaced by the inflamma-
tory infiltrate.  Bony trabeculae had irregular margins and 
were lined by abundant numbers of osteoclasts with sur-
rounding proliferation o f osteoprogenitor c ells i n some 
areas.  The inflammatory reaction extended to cancellous 
marrow sp aces an d bone marrow of the maxilla an d 
periodontal l igament and vessels of t he dentine.  T ooth 
dentine was necrotic.  
 
Lung:  Th ere was a d iffuse interstitial p neumonia with  
widely di stributed foci of i ntense py ogranulomatous i n-
flammation.  Multifocal moderately sized areas of p aren-
chyma were necrotic and s urrounded by fi brinous ef fu-
sion.  
 
Liver:  There was severe diffuse hy dropic cha nge of 
hepatocytes with mild bridging fibrosis and mild peripor-
tal lymphoplasmacytic inflammatory infiltrates.  Multifo-
cal moderately sized areas of telangiectasia were present 
and most noticeable towa rds the capsular surface.  Leu-
kocyte numbers were increased within the sinusoids.  
 
Lymph nodes:  Cortices con tain numerous follicles with 
prominent g erminal cen ters. The paracortices we re e x-
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ogy with the parent virus.3  The mutation allows the virus 
to rep licate within m acrophages. FC oV i nfected m ono-
cytes are c onsidered r esponsible f or vi ral dissemination 
within th e host.4  FCoV vi remia is detectable in both 
virulent (mutated FIP infection) and non mutated FCoV 
infected cats.3,4  
 
The pat hogenesis of F IP i s complex.  Th e vi rus i tself 
does no t cau se major cytopath ic d amage; rath er lesi ons 
result from th e ho st’s own immu ne r esponse.3  Fibrino-
gen, C 3 an d viral a ntigen demonstrated within FIP le-
sions, and evidence of FCoV-specific immune complexes 
within the blood and vessels, together with high levels of 
gamma globulin in affected cats support an immune com-

transmission.3  Trans placental transm ission has bee n 
shown to o ccur but is r are.3  FCoV rep licates in en tero-
cytes eith er asy mptomatically or causi ng transient a nd 
usually clinically mild diarrhea and/or vomiting.3  A short 
episode of mild upper respiratory tract disease may also 
occur.3  
 
FIP only e nsues i n i ndividual affected a nimals whe n 
FCoV undergoes sp ontaneous m utation during r eplica-
tion.  Deletions in o pen reading frames 3 an d 7  wh ich 
code for non s tructural proteins a re res ponsible f or s ur-
face cha nges which allow the vi rus pha gocytozed by  
macrophages t o bind t o t he ri bosomes of  t he m acro-
phages.3,4  Mutated viruses have a 99.5% genetic homol-

4-1.  Thoracic lateral radiograph,  Bengal cat.  The radiograph shows a diffuse parenchymal nodular pattern of radio-
lucency within the lungs.   
4-2.  Transverse section, nasal turbinates,  Bengal cat. Diffusely, the nasal turbinates are effaced by necrosis.   
4-3.  Thorax and abdomen, Bengal cat. Multifocally, both the lungs and liver have an irregular pattern of necrosis and 
hemorrhage characterized by a mottled discoloration.  
4-4.  Nasal turbinates, Bengal cat.  Multifocally veins within the subepithelial connective tissue are expanded and oc-
cluded by fibrin thrombi characterized by a coagulum of fibrin, necrotic debris, viable and degenerate neutrophils 
(star).   
 
Radiograph, photographs, and photomicrograph courtesy of the University of Melbourne, School of Veterinary Science, 
250 Princess Highway, Werribee, Victoria, Australia 3030  
________________________________________________________________________________________________ 

4-1 4-2 

4-3 4-4 
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chemistry to detect FCoV infected macrophages remains 
the only conclusive means of diagnosing FIP.1,4  
 
This case demonstrates classic characte ristic FIP vaso-
centric granulomatous l esions.  It  i s unusual i n t hat t he 
most severe l esions are within the nasal submucosa, this 
distribution has not previously been reported.   
 
AFIP Dia gnosis:  Nasal turb inates, maxillary bone, and  
hard p alate:  Vasculitis, p yogranulomatous, m ultifocal, 
severe, with rh initis, erosions , fibrin th rombi, and  bone 
remodeling, Bengal cat (Felis domesticus), feline.   
 
Conference Com ment:  The con tributor pr ovides an  
excellent ov erview of felin e infectious p eritonitis virus.  
Conference participants discussed the definition of vascu-
litis, th e h istomorphologic featu res needed for t he diag-
nosis of  vasculitis, and the differential diagnosis for vas-
culitis in various other species. 
 
The diseases that cause vasculitis in animals are summa-
rized in table 4-1 below from Pathologic Basis of Veteri-
nary Disease.5 
 
 
Contributor:  The Uni versity of Melbourne, Schoo l of  

plex-mediated, typ e III h ypersensitivity pathogenesis.3,4  
However, an a lternative pathogenesis has been proposed 
where lesion  initiation appears to  begin with endothelial 
adherence and ex travasation of FCoV positive, activated 
monocytes an d p rogresses to ve nous a nd pe rivenous, 
macrophage dominated, focal to circular infiltrates.4  The 
presence o f a peripheral rim o f B  l ymphocytes i n older 
FIP lesions, the paucity of neutrophils and T lymphocytes 
within the lesions and a lack of non-specific perivascular 
lymphocytic cuffing during one study are cited as signifi-
cant differences between FIP and classical imm une-
complex mediated vasculitides.4  
 
A d efinitive an temortem d iagnosis of FIP is o ften ch al-
lenging, com plicated by  t he oft en i nsidious onset a nd 
non-specific signs displayed by infected animals.  Lab o-
ratory tests inclu ding FCoV an tibody titer (blood and 
CSF), RT-PCR to detect virus, ELISA to detect antibody-
antigen complexes and measurement of ac ute phase pro-
teins (mainly serum alpha-1 acid glycoprotein) are  rel a-
tively insensitive and/or poorly specific.3,4  This is mainly 
due to  th e inab ility to  d ifferentiate sero conversion or 
viremia caused by FC oV f rom t hat cause d by m utated 
FCoV (FIP causing) st rains.  Serum alpha-1 acid glyco-
protein has been shown to be elevated in other inflamma-
tory co nditions.  Hi stopathology wi th i mmmunohisto-

________________________________________________________________________________________________ 
 
Table 4-1.  Causes of Vasculitis in Animals 
 
VIRAL 
Equine viral arteritis (arterivirus), malignant catarrhal fever (gammaherpesvirus), hog cholera (porcine 
pestivirus), feline infectious peritonitis (coronavirus), bluetongue (orbivirus), African swine fever 
(asfarvirus), equine infectious anemia (lentivirus), bovine virus diarrhea (bovine pestivirus) 
 
BACTERIAL 
Salmonellosis, erysipelas (Erysipelothrix rhusiopathiae), Hemophilus spp. infections (Hemophilus suis, 
Histophilus somni, Hemophilus parasuis) 
 
MYCOTIC 
Phycomycosis, Aspergillosis 
 
PARASITIC 
Equine strongylosis (Strongylus vulgaris), dirofilariasis (Dirofilaria immitis), spirocercosis (Spirocerca 
lupi), onchocerciasis, elaeophoriasis (Elaeophora schneideri), filariasis in primates, aelurostrongylosis, 
angiostrongylosis 
 
IMMUNE-MEDIATED 
Canine systemic lupus erythematosus, rheumatoid arthritis, Aleutian mink disease (parvovirus), polyar-
teritis nodosa, lymphocytic choriomeningitis, drug-induced hypersensitivity 
 



WSC 2007-2008 Conference 12 

12 

Small Anim 35:39-79, 2005 
4.  Kipar A, May H, Menger S, Webber M, Leukert W, 
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