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CASE I  –  02-3323 (AFIP 3074949).   
 
Signalment:  7-year-old, cas trated m ale, Mustela puto-
rius furo, ferret 
   
History:  In Janu ary of  200 0 Eucchus pr esented w ith 
bilaterally sy mmetric h air l oss ov er t he dorsum, at th at 
time both adrenals were at the upper range of normal size 
and nodular by ultrasound.  Hormonal panels supported a 
clinical diagnosis of adr enal disease (Estradiol 174pmol/
L (nor mal 30-180pmol/L); 17-OH -progesterone 
0.85nmol/L ( normal 0-0 .8 nm ol/L); an drostenedione 
30.7nmol/L (n ormal 0 -15nmol/L).  A t that tim e th e 
owner elected medical management with repeated injec-
tions of Depo-lupron.  Depo-lupron is a GnRH analogue 
which inhibits production of LH and FSH.  In September 
of 2000, the owner reported that Eucchus’ belly would be 
soaked i n urine after he urinated.  E ucchus also re peat-
edly prese nted with al opecia and f laky skin .  Urinary 
symptoms and alopecia res olved following i ncreasing 
doses of Depo-lupron.  In December of 2001 and again in 
June of 2002 Eucchus presented with difficulty urinating 
and was  f ound t o have an  en larged bladder.  A urinary 
tract infection and enlarged prostate were d iagnosed and 
Eucchus was started on antibiotics.  At th is time an insu-
linoma was also suspected clinically.  Several weeks after 
discontinuing the an tibiotics (Augu st 2002), Eu cchus 

again presen ted with strain ing t o urinate an d an tibiotics 
were resumed.  While still on  antiobiotics, Eucchus pre-
sented i n Oct ober of 2002, for st raining t o uri nate.  At  
this tim e th e left ad renal gland was m arkedly en larged 
(1cm) by  ul trasound a nd s urgery was elected.  At sur-
gery, t he l eft ad renal gland was removed a nd 2  pe -
riprostatic cysts were i dentified which c ommunicated 
with the urinary bladder.  Additionally, 2 discrete nodules 
were noted in the pancreas and were removed.  Following 
surgery, Eucchus became lethargic, dehydrated and anu-
ric and was euthanized. 
  
Biopsy results of t he adrenal and pancreas were consis-
tent with an adrenocortical adenocarcinoma and islet cell  
tumors (presumptive insulinomas), respectively. 
 
Gross P athology:  A t n ecropsy, Eucchus was fo und to 
be obese a nd the a bdomen contained 5 0ml of  se rosan-
guinous fluid.  Two 3cm diameter cysts were found sur-
rounding the prostate, just caudal to the urinary bladder 
(fig. 1-1). 
 
Histopathologic D escription:  The prostate is markedly 
expanded by a sing le larg e cyst an d m ultiple sm aller 
cysts lin ed by k eratinizing stratified squ amous ep ithe-
lium, and c ontaining variable am ounts of kerat in.  In 
some sections, there is fo cal loss of the ep ithelial lin ing 
of one of t he cysts wi th f ree ke ratin i n t he s urrounding 
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dysuria in males associated with squamous metaplasia of 
the prostate and prostatitis.   
 
The squamous metaplasia in the prostate of th is ferret is 
likely d ue to  increased lev els of ci rculating e strogenic 
compounds.  Six cases of prostatic squamous metaplasia 
with con current pro statitis h ave been repo rted in  m ale 
ferrets with  proliferative ad renocortical lesio ns.  As i n 
dogs, the prostatitis has been attributed to the presence of 
keratin.2  Th e ab sence of sig nificant prostatitis in  th is 
case m ay be unus ual. The o bserved prostatic at rophy i s 
likely a r esult of castration at a y oung age and failure of 
the prostate to develop normally.3 
 
In d ogs, squamous metaplasia o f t he prostatic gl andular 
epithelium h as b een asso ciated with estrogen -producing 
Sertoli cell tumors, or exogenous administration of estro-
gens.  In such cases , s quamous m etaplasia affects  the  
prostatic u rethra, uterus m asculinus an d pro static du cts.  
Similar changes ha ve bee n reported i n s wine.  In cats , 
exogenous est rogen results in p rostatic en largement d ue 
to epithelial hyperplasia and cystic dilation of the glands; 
squamous m etaplasia an d c ornification, however, only 
occur in t he urethral e pithelium. 3  En largement o f the 
prostate is m ost commonly associated with con stipation, 
and less commonly stranguria. 3 
 
AFIP Diagnosis:  1.  Prostate:  Prostatic cysts, multiple, 
ferret (Mustela putorius furo), carnivore. 
2.  Pro state, glan ds:  Squ amous m etaplasia, m ultifocal, 
mild, with prostatitis and keratinizing cysts.     
 
Conference Com ment:  S quamous m etaplasia o f t he 
prostate with keratinizing pro static cysts i s a co mmon 
sequel in m ale ferrets diagnosed with adrenal-associated 
endocrinopathy.1,8  Chronic elevation of circulating lu-
teinizing hormone (L H), res ulting fr om early neutering, 
is req uired for m etaplastic tran sformation.1  Ele vated 
circulating L H acts on t he z ona reticula ris4, sti mulating 
cellular pro liferation as well as th e production of high 
levels of  cir culating est rogenic co mpounds, i ncluding 
estradiol-17b, and rostenedione, dehy droepiandrosterone, 
17-hydroxyprogesterone, and progesterone.2 
 
Luteinizing hormone rece ptors ( LHRs) a re us ually pre -
sent on ovarian thecal cells, granulosa cells , luteal cells, 
and testicular Leydig cells.1  LHRs have also been identi-
fied in the adrenal gland of fetal (but not adult) mice, and 
low levels of LHR mRNA has been detected in the adre-
nal cortex of normal intact ferrets, indicating the presence 
of non-functional receptors.1   
 
Tumors in the ferret adrenal gland include nodular hyper-
plasia, adrenocortical adenoma, and a drenocortical carci-

stroma.  This f ree ke ratin i s s urrounded by a  variable 
infiltrate of neutrophils an d macro phages.  Throughout 
the prostate there  are  dec reased am ounts of glandular 
tissue.  Remaining glandular structures are lined by a low 
cuboidal ep ithelium an d rarely co ntain an eo sinophilic 
secretory product.  Scattered clusters of lymphocytes and 
rarely eosinophils are present in  the surrounding fibrous 
connective tissue stroma. 
 
Contributor’s Morpho logic Diagn osis:  Prostate:  Se-
vere glandular at rophy an d squamous m etaplasia wi th 
cyst formation. 
 
Contributor’s Com ment:  Adrenal co rtical lesio ns are 
the second most common neoplasm of ferrets, after pan-
creatic islet cell tu mors.  An increased incidence of pro-
liferative adrenal lesions occurs in  ferrets neutered at a n 
early age (2-4months), and is likely due to chronic stimu-
lation of th e cells o f th e zon a reticularis by lu teinizing 
hormone.4  Adrenal gland-ass ociated e ndocrinopathy 
(AAE) is associated with th e presence of hyperplastic or 
neoplastic adren al lesion s which produce high lev els of 
estrogenic c ompounds (est radiol-17b, an drostenedione, 
dehydroepiandrosterone sulfate, 17-hydroxyprogesterone, 
progesterone).  Lesi ons as sociated with AAE  include 
bone m arrow t oxicity4 an d C ushingoid features (thin 
skin, muscular atrophy, pot-bellied appearance)1, bilateral 
symmetrical tru ncal alop ecia, vulvar swellin g in sp ayed 
females, reve rsion t o se xual be havior i n neutered a ni-
mals, mammary gland hyperplasia in castrated males, and 

1-1.  Prostate gland, ferret.  Caudal to the urinary blad-
der and surrounding the prostate gland are two cysts 
measuring up to 3 cm in diameter.  Photograph courtesy 
of the University of Tennessee, College of Veterinary 
Medicine, Department of Pathobiology; 2407 River 
Drive, Room A201; Knoxville, TN 37996-4542  
______________________________________________ 
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CASE II – 07-A5 (AFIP 3064916).     
 
Signalment:  130-140-day-old, laying hens 
 
History:  Thirty hens were su bmitted for p ost mortem 
examination with a  hi story o f respiratory di stress an d 
high m ortality fro m a flo ck of 25,000.  During a high 
wind storm the roofs of 2 houses were damaged; numer-
ous birds were outside and intermixing of birds from both 
houses occurred.   
 
Gross Pa thology:  There was severe, catarrhal, hemor-
rhagic tracheitis.  Caseo us casts were presen t in  the tra-
cheas of several birds.  Four had caseous plugs lodged in 
the larynx. 
 
Laboratory Results:  No significant bacterial pathogens 
were cultured. 
 
PCR for Newcastle's Diseas e V irus (N DV) an d Av ian 
Influenza virus (A I) were neg ative.  PCR fo r Infectious 
Laryngotracheitis virus (ILT) was positive. 
 
Histopathologic Description:  Trachea:  The lumen con-
tains large amounts of n ecrotic cellular debris (fig. 2- 1), 
fibrin a nd m ats of bacte rial colonies. T he mucosa has  
diffuse erosion to ul ceration of ps uedostratified epithe-
lium an d formation of larg e, ang ular multinucleate 
syncytia ( fig. 2- 2) within th e m ucosa an d within 
sloughed lu minal d ebris.  Within syn cytia, m any n uclei 
contain large, eosinophilic nuclear inclusion bodies  (fig. 
2-3) that marginate chromatin.  The submucosa is moder-
ately ex panded by cong ested blood v essels and d ense 
lymphocytic infiltrates (fig. 2-4). 
 
Contributor’s Morpho logic Diag nosis:  Diffuse, se -
vere, necrotizing an d catarrh al trach eitis with syncytia 
formation and nuclear inclusions (Infectious Laryngotra-
cheitis) 
 
Contributor’s Com ment:  Infectious laryn gotracheitis 
(ILT) is a disease primarily of chickens caused by Gallid 
herpesvirus 1, an alphaherpesvirus.  The disease was first 
described in 1925 and was the first major avian viral dis-
ease for which an effective vaccine was developed.  It has 
a worldwide distribution, causing the most characteristic 
signs in adult laying hens.  Natural routes of infection are 
upper respiratory an d ocular, al though o ral t ransmission 
can occur.  Viral replication is limited to  respiratory tis-

noma.1,8  In the case of the latter, metastasis usually oc-
curs late in t he disease, a nd early com plete rem oval of 
neoplastic adrenals carries a fair prognosis.8 In contrast to 
other species, plasma concentrations of cortisol are  only 
infrequently elevated in ferrets with AAE.1,8 
 
Squamous metaplasia of glandular epithelium due t o hy-
perestrogenism, has been documented i n m en, mice, 
dogs, and sheep.1,2,3,6  Experimental induction of prostatic 
squamous m etaplasia i n t he mouse m odel has re vealed 
proliferation of b asal cells with  k eratinization following 
injections with estrog en.  In  affected ferrets, squam ous 
metaplasia o f prostatic ep ithelium is fo llowed by cyst 
formation and purulent inflammation as a resul t of kera-
tin pr oduction2 and may u ltimately resu lt in dysuria and 
post-renal azotemia.   
 
Contributor:  The University o f Tennessee, College of 
Veterinary Medicine, Department of  Pathobiology; 2407 
River Drive, Room A201; Knoxville, TN 37996-4542 
http://www.vet.utk.edu 
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WSC 2007-2008 Conference 13 

4 

sues.  The trigeminal ganglion is th e principle site of la-
tency.  L TV can persist as latent infections in  recovered 
birds, and virus can be re-excreted in birds under stress.  
The virus may also persist as endemic infections in back-
yard and fancier chicken flocks. 
 
Clinical signs vary from severe epizootic forms (as in this 
case) to m ild en demic f orms.  C oughing, gasp ing and 
expectoration of blood-stained mucus characterize severe 

forms; mild forms show unthriftiness, decreased egg pro-
duction nasal discharge and  hemorrhagic co njunctivitis.  
Severe forms have high morbidity (90 - 100%); mortality 
usually ranges from 10 - 20%.  Endemic forms have low 
morbidity an d m ortality.  Al though an tigenically h omo-
geneous, different vi rus strains wi th di ffering virulence 
have rece ntly bee n differentiated by  PC R-RFLP t ech-
niques.5  Differential diagnoses for respiratory disease in  
chickens i nclude t he diphtheritic form  o f av ian pox, 

2-1.  Trachea, laying hen.  The tracheal epithelium is effaced and replaced by abundant necrotic debris, fibrin, edema 
and hemorrhage (Arrows) admixed with colonies of bacterium. (H&E 40X).  
2-2. Trachea, Laying hen.  The tracheal epithelium is multifocally ulcerated and replaced by clumped epithelium 
(syncytia) (arrows).  
2-3. Trachea, laying hen.  Expanding the nuclei of sloughed epithelial cells and syncytial cells, marginating the chroma-
tin are eosinophilic inclusion bodies (arrows).   
2-4. Trachea, laying hen.  Admixed within the necrosis and sloughed epithelium are moderate numbers of lymphocytes, 
plasma cells, heterophils and occasional macrophages.   
 
Photomicrographs courtesy of the Department of Veterinary Microbiology and Pathology, Washington State University, 
Pullman, WA 99164-7040 
________________________________________________________________________________________________ 
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mune response, suppression of host mRNA transcription, 
or tran scribing/translating viral g enes.  Formation of 
tegument proteins is generally done late in the viral infec-
tious cycle, following replication of viral genes.3 
 
Viral replication of ILT is si milar to that of other alpha-
herpes vi rus.1,2  Within th e i nfected cell nucleus, viral 

NDV, AI, infectio us bronchitis, fowl ad enovirus infec-
tions and aspergillosis. 
 
The most consistent gross lesions of ILT are in the larynx 
and trachea.  In mild cases, the only lesions may be con-
junctivitis, sinu sitis an d m ucoid trach eitis.  In  sev ere 
forms, diphtheritic changes can be striking, consisting of 
mucoid casts along t he e ntire length of th e trach ea.  
Mucoid plugs in the larynx (as seen in this case) are als o 
common.  In s ome cases, hem orrhage predominates.  
Histologically, early lesions consist of loss of goblet cells 
and mononuclear inflammation.  As the lesions progress, 
respiratory ep ithelial cells lo ose cilia, en large an d fo rm 
multinucleate syn cytia.  Nu clear inclusion bodies are  
present only in  early stag es (1 - 5 d ays).  Confirmatory 
diagnostic procedures include viral isolation on embryo-
nated chi cken eggs, ser ology an d PC R.  C ontrol o f t he 
disease in laying fl ocks is  gene rally by vaccination, 
whereas t ight bi osecurity an d a sh orting growing cy cle 
will ofte n m ake vaccination of broiler fl ocks unneces-
sary.  Vaccines are usually modified live virus, and mix-
ing of fl ock with different im munity l evels can ca use 
disease outbreaks.  In t his case, bi rds from a non-
vaccinated house we re mixed with vaccinated birds, 
causing a disease outbreak.  Newe r deletion mutant vac-
cines are underdevelopment that will not only p rovide a 
safer ILT  vac cine but s how prom ise as vector vaccines 
for other avian infectious diseases, such as AI.1 

 
AFIP Diagn osis:  Trachea:  Trach eitis, n ecrotizing, 
subacute, diffuse, moderate, with ep ithelial syn cytia, in-
tranuclear inclusion bodies, and intraluminal serocellular 
coagulum, chicken (Gallus domesticus), avian.   
 
Conference Comment :  The  contributor gives an excel-
lent ov erview of In fectious Laryng otracheitis (ILT).  
Chickens an d pheasants are the on ly natural h osts, al-
though isolation from peafowl and experimental infection 
of turkeys has been described.1     
 
Ultrastructural feat ures a re t hose of a  t ypical he rpes 
virion and  inclu de a DNA- containing co re within a 
100nm icosahedral capsid surrounded by a variably sized 
proteinaceous tegument layer and an outer envelope with 
incorporated viral glycoproteins.1  The vi ral glycopro-
teins appear as  fine spikes projecting from the surface of 
the envelope. 2  Viral p article sizes v ary between 200-
350nm depe nding o n t he am ount of i ncorporated t egu-
ment protein.1 
 
Tegument proteins are common in enveloped viruses and 
are usu ally a co mbination of essen tial and  non-essential 
proteins that are released shortly after v iral entry into the 
cell.  Th ese proteins m ay ai d i n s uppression of t he i m-

Table 2-1.  Alphaherpesviruses4 

 
• Porci ne herpesvirus-1: Pse udorabies, A ujeszky’s dis-
ease 
• Canine herpesvirus-1: Canine herpes 
• Feline herpesvirus-1: Feline viral rhinotracheitis (FVR) 
 
Bovine: 
• BHV1: Infectious bovine rhinotracheitis 
Infectious pustular vulvovaginitis 
Infectious balanoposthitis 
• B HV2: B ovine mammillitis vi rus/ Pseudo-lumpy ski n 
disease 
• BHV5 : Bov ine herpesvirus en cephalitis (n o in clusion 
bodies) 
 
Equine: 
• EHV1: Equine herpesviral abortion, rhinopneumonitis, 
neurologic disease 
• EHV3: Equine coital exanthema 
• EHV4: Equine rhinopneumonitis, abortion 
 
Avian: 
• Avian HV1: Infectious laryngotracheitis 
• Avian HV2 (Gallid herpesvirus-2): Marek's disease 
• Anatid HV1: Duck plague 
 
 Nonhuman primate: 
• Herpes virus simiae (Cercop ithecine he rpesvirus 1; B  
virus): Herpes B 
• Herpe svirus t amarinus (C ebid herpesvirus 1;  Herpes 
T): localized disease in 
squirrel m onkeys; ge neralized di sease i n m armosets, 
tamarins, owl monkeys 
• Herpe svirus simplex, t ype 1:  oral  l esions i n hum ans, 
apes, monkeys 
• Herpesvirus simplex, type 2: genital lesions in humans, 
apes, monkeys 
• Simian varicella: Simian varicella in macaques, African 
green monkeys, 
Patas monkeys 
• Herpesvirus papi o 2:  Oral  and  genital lesions in ba -
boons 
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capsids are form ed an d filled  with  viral DNA.  Th ese 
nucleocapsids are t hen e nveloped by t he i nner nuclear 
membrane a nd dee nveloped by t he outer nuclear m em-
brane when transported into the cytoplasm. 1  Within the 
cytoplasm the capsids  ass ociate with a n e lectron dense 
tegument and are enveloped by a seco nd budding event 
in the trans-Golgi region.  Th e mature virus particles are 
then released by exocytosis.1  
    
A list of co mmon veterinary alpha-herpesviral infections 
is included in table 2-1.4 

 
  
Contributor:  De partment o f Veterinary Microbiology 
and Patho logy, W ashington State University, Pullman, 
WA 99164-7040  
www.vetmed.wsu.edu/depts-vmp 
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CASE III – W401/06 (AFIP 3034592).   
 
Signalment:  10-12-month-old lambs (breed unknown), 
sex unknown, Ovis aries 
 
History:  Abattoir l iver sp ecimens deri ved f rom 260  
lambs from New South Wales.  Fifty percent of the livers 
were condemned at the abattoir.  Lambs had no previous 
history of illness. 

Gross P athology:  Liver had  retain ed their shape, bu t 
were sm all, yello w and th e cap sular surface was m ark-
edly gra nular in appeara nce.  On cut sect ion, nodular 
regeneration was apparent throughout. 
 
Histopathologic D escription:  T he ca psular s urface of 
the liver was undulated.  T he normal acinar architecture 
of the liver was replaced by extensi ve nodular regenera-
tion and segmental collapse and condensation.  The por-
tal triad s showed  in creased mature b iliary du ctular pro-
files and t here was a m oderate mononuclear, p rimarily 
lymphocytic infiltration, which exte nded into the s ur-
rounding si nusoids.  A m oderate de gree o f fi brosis was  
present, radiating from the portal triads into the periphery 
of the regenerative nodules.   
 
Periportal he patocytes appeared large, a nd m any ap-
peared to be entrapped by collapsed stroma.  T he nuclei 
varied in sizes  and s hape, but were predominantly large  
and vesicular wi th di spersed chromatin.  Ot her nucl ear 
profiles included dark nuclei with smudged nuclear chro-
matin, fib rillary nu clear ch romatin, and  irregu larly 
shaped nuclei. 
 
There was a minimal degre e o f fat ty c hange a ffecting 
hepatocytes with in reg enerative n odules.  (No te:  The 
degree of fatty change present may vary between submit-
ted slides).  Th e majority of nuclei with in these nodules 
were unremarkable.  Occasional apoptoti c hepat ocytes 
were scattered throughout the parenchyma. 
 
Contributor’s Morphologic Diagnoses:  Chronic active 
hepatopathy w ith m arked nodular re generation, hepatic 
magalocytosis and karyomegaly, liver sheep. 
 
Contributor’s Comme nt:  The histological changes 
present are indicative of a two-phase process.  Previously 
there has been extensive loss of hep atocytes, resulting in 
condensation of pa renchyma and liver s hrinkage accom-
panied by nodular regeneration.  Currently, residual peri-
portal he patocytes are undergoing de generative cha nges 
with megalocytosis, karyomegaly and apoptosis. 
 
Anecdotal h istory sugg ested that t hese lam bs had been 
supplemented prior to slaughter with lupin grain.  In ad-
dition, it is lik ely th at th ese an imals h ad b een recently 
grazing lupin stubble. 
 
Lupinosis is a sporadic disease reported primarily in Aus-
tralia, Ne w Ze aland, S outh Africa an d E urope.4  It is a 
mycotoxic l iver disease caus ed by i nfection of Lupinus 
spp with the fungus Diaporthe toxica (formerly Phomop-
sis leptostromiformis).  In southern regions of Australia, 
Lupinus spp (primarily L. cosentini) are commonly used 
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pyrollizidine alkaloid toxicosis, occurs when some hepa-
tocytes are abl e to re plicate their DNA yet are una ble to 
divide.5  
 
Aflatoxins are  al so m etabolized by t he hepatic m ixed-
function o xidase sy stem t o toxi c and non-toxic metabo-
lites.5  The mo st potent of t hese is th e 8,9-epoxide m e-
tabolite o f afl atoxin B1 , which  b inds to  ad enine in  nu-
cleic acids, resulting in very similar microscopic findings 
to an imals metab olizing p yrollizzidine alk aloids.5  
 
Chronic inconsistent ingestion of any of these toxic prin-
ciples can result in end-stage liver disease over time.  The 
characteristic micro- and macronodular regeneration seen 
in end-stage l ivers can have numerous causes other than 
toxicity: 2 
 
1.  C hronic tox icity (th erapeutic ag ents or naturally o c-
curring toxins) 
2.  Chronic cholangitis and/or obstruction 
3.  Chronic congestion (right side heart failure) 
4.  Inherited di sorders of m etal metabolism (copper o r 
iron) 
5.  Chronic hepatitis 
6.  Idiopathic 
 
 
Contributor:  Veterinary Pathology, Department of Vet-
erinary Scie nce, The University o f Mel bourne, 250  
Princes Hwy, Werribee, 3030, Victoria, Australia 
http://www.unimelb.edu.au/ 
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as fodder, either as stubble or as grain.4  The fungus pro-
duces the toxic agents phomopsin A and B with A being 
two to three times m ore toxic than B.3  These toxins bind 
to tubulin and interfere with th e ability of hepatocytes to 
form microtubules a nd t herefore undergo mitosis.  T he 
result is hepatic atrophy and fibrosis.  Hepatocytes typi-
cally swell and have large vesicular nuclei. 
 
Lupinosis is typically a sub-a cute to chronic disease, and 
can affect other species including cattle, donkeys, goats, 
horses an d pi gs.1  Clin ically sh eep show non -specific 
neurological signs and frequently die from misadventure 
or from copper poisoning.  Other organ systems can e x-
hibit cy totoxic ef fects, i ncluding a drenal glands, pan-
creas, kidneys, rumen and s keletal and cardiac muscula-
ture.1 
 
Lupinus s pp themselves also co ntain qu inolizidine alka-
loids th at can cause teratogen ic abn ormalities su ch as 
crooked cal f disease (due t o a ngyrine) a nd ne urotoxic 
signs.5   
 
Although the history and pathological changes present in 
this case are suggestive of lupinosis, other causes of toxic 
hepatophy i ncluding pyrrolizidine al kaloids can not be 
excluded. 
 
AFIP Di agnosis:  1.   Li ver:  N odular regeneration, di f-
fuse, with megalocytosis, biliary reduplication, and mod-
erate portal bridging fibr osis, breed unspecified ( Ovis 
aries), ovine. 
2.  Liver:  He patitis, lym phocytic, subacute, multifocal, 
mild. 
 
Conference Com ment:  Conference pa rticipants sug-
gested a differential diagnosis of lupin toxicosis, pyrroliz-
zidine al kaloid t oxicosis a nd afl atoxicosis as pot ential 
causes of the changes noted in the distributed slides.   
 
Phomopsis l eptostromiformis, a fungus t hat grows on 
lupine (Lupinus sp .) plants, produces a tox ic metabolite, 
phomopsin.  Affected liv ers exh ibit m ultifocal necrosis 
and rem aining h epatocytes undergoing m itotic arrest in 
metaphase, resulting in a m arked increase in mitotic fig-
ures.2  Chronic affected livers are smaller than normal as 
a result of necrosis, inability to regenerate due to mitotic 
inhibition, and p rogressive fibrosis.5  N odular re genera-
tion may occur with sporadic ingestion of the toxin.5 
 
Following ingestio n, pyrrolizidine alk aloids are con-
verted to pyrrole esters by hepatic cytochrome p450 en-
zymes, which react with cytosolic and nuc lear proteins 
and nucleic acids to inhibit DNA synthesis and mitosis in 
hepatocytes.5  Megalocytosis, a ch aracteristic find ing in  
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columnar epithelial cells (fig. 4-2).  The nodules are non-
encapsulated, in filtrative and often  co alesce with  each 
other.  T he ep ithelial cel ls f orm t ubuloacinar st ructures 
with o ccasional p apillary p rojections, su pported b y a fi -
brovascular stroma.  Som e of the t ubuloacinar structures 
contain pi nk, proteinaceous material.  In dividual c ells 
have v ariably distinct cell bo rders with cen trally to  b a-
sally located hypochromatic nuclei, moderate amounts of 
faintly granu lar eo sinophilic cyto plasm an d ind istinct 
nucleoli.  Nu clear pleomorphism is mild and mitotic fig-
ures rare.  Rare no dules are cen trally n ecrotic o r i nfil-
trated by necrotic and viable neutrophils and cellular de-
bris.  In many areas, the surrounding alveolar spaces are 
flooded by very large numbers of alveolar and epithelioid 
macrophages, with f ewer neutrophils, l ymphocytes a nd 
plasma cells a nd occa sional multinucleated giant cells.  
The m acrophages a re ve ry plump wi th homogeneous, 
pink cytoplas m which s ometimes causes  pe ripheraliza-
tion of t he nucleus.  M any bronchioles an d bronchi a re 
cuffed by large, discrete  aggregates of large num bers of 
lymphocytes forming lymphoid follicles, m any with dis-
tinct g erminal cen ters.  The bron chiolar and bro nchial 
lining cells are variably hyperplastic or attenuated.   
 
Contributor’s Morphologic Diagnosis:  1.  Ovine pul-
monary adenocarcinoma (OPA) 
2.  Severe, diffuse, histiocytic interstitial pneumonia with 
marked BALT hyperplasia 

 
 
CASE IV -  BB425/06 (AFIP 3032272).    
  
Signalment:  Adult ( age unknown), f emale, Gr eyface 
sheep (Ovis aries) 
 
History:  A mature Greyface ewe was culled due to pro-
longed respiratory distress.  At necropsy, the only signifi-
cant findings were in the lungs.   
 
Gross Pa thology:  The l ungs were al most di ffusely 
much firm er a nd heavier t han normal and failed t o c ol-
lapse.  There were moderate t o l arge amounts of f rothy 
fluid in t he tracheal and bronchial lumens.  The c ranio-
ventral lung lob es and th e cau dal portions of th e caud al 
lung l obes were ex panded by fai rly wel l dem arcated, 
firm, ill-defined masses which were grey to p ale purple.  
On cut secti on, the parenchyma in these a reas was  con-
solidated, firm and pale grey (fig. 4-1).  Both sections are 
from th is sh eep but th e sectio n on  th e left is relativ ely 
unaffected while t he pa renchyma i n t he s ection on t he 
right is virt ually replaced by  slightly nodul ar, pale grey 
homogeneous t issue (f ig. 4- 1).  Affected areas also e x-
uded frothy fluid, especially on cut section. 
 
Histopathologic D escription:  Most of the normal lung 
parenchyma is replaced by multiple variably sized, nodu-
lar p roliferations of well-d ifferentiated cuboidal to low 

________________________________________________________________________________________________ 
4-1.  Greyface sheep.  On cut section, the right lung is variably consolidated, firm and pale in comparison to the lung on 
the left, also from the same animal.  Photograph courtesy of the Veterinary Pathology Unit, Easter Bush Veterinary 
Centre, Royal (Dick) School of Veterinary Studies, University of Edinburgh, Midlothian, EH25 9RG, United Kingdom 
4-2.  Lung, Greyface sheep. Multifocally, markedly expanding and replacing the pulmonary architecture are nodular 
coalescing proliferations of epithelial cells which form variably sized tubules and acini (arrows).  Adjacent less affected 
alveoli are expanded by high numbers of alveolar macrophages, lymphocytes, plasma cells and neutrophils (star).  
(H&E 100X) 
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malian fib roblast and  ep ithelial cell lin es.  Th e m echa-
nism o f cell tran sformation i s unclear althou gh it is b e-
lieved to inv olve th e cytop lasmic tail o f th e env elope 
transmembrane protein as well as two downstream cell 
signaling pathways, H/ N-Ras-MEK-MAPK an d Akt-
mTOR.2  Th e insertional mutagenesis th eory seems less 
likely si nce t he ra ndom nat ure a nd t he i nfrequency of 
insertion i n the d esired p lace with in th e gen ome wou ld 
not be efficient enough for proto-oncogene activation.4   
 
The sheep genome also contains 15-20 copies of endoge-
nous ret rovirus which is very similar to  t he ex ogenous 
JSRV.  The main difference lies in the LTR region of the 
genome such t hat the e ndogenous form of the vi rus does 
not have the same transcriptional efficiency in pulmonary 
epithelial cells as th e ex ogenous, t umor-inducing form.  
The e xistence of t he en dogenous vi rus m ay ex plain t he 
lack o f a n an tibody response i n O PA i nfected shee p, 
since the endogenous elements may promote immunotol-
erance during fetal development.4 
 
There was m arked B ALT hyperplasia in t his case , for 
which there could have been two main reasons.  Firstly, it 
can occur in the atypical form of OPA.  We felt th is was 
less lik ely si nce th e co ncomitant fib rosis an d m arked 
lymphoplasmacytic i nflammation u sually seen i n t he 
atypical form were not present.6  Secondly, the possibility 
of concurrent maedi was c onsidered since combined in-
fections have been frequently recognized; no further test-
ing was performed to co nfirm o r refute this possibility.5  
There was also  quite sev ere h istiocytic in flammation.  
The widespread an d m arked in filtrate of plump macro-
phages i s c ommonly fou nd around neoplastic no dules; 
they are b elieved to  be in duced by the excessive surfac-
tant protein production but their exact role in the patho-
genesis is still unclear.  Recent work suggests they reflect 
a cellular immune response to the presence of neoplastic 
cells.  T he a pparent i neffectiveness of this  res ponse is  
believed to be due to putative immunosuppressive prop-
erties of the excess surfactant protein.7    
 
AFIP Diagnosis:  1.  Lung:  Carcinoma, Greyface sheep 
(Ovis aries), ovine. 
2.  Lung:  Lymphofollicular hyperplasia, diffuse, moder-
ate.  
3.  Lung:  Pneumonia, interstitial, multifocal, mild. 
 
Conference Comment :  The  contributor gives an excel-
lent o verview o f ret roviral- i nduced ovine p ulmonary 
adenocarcinoma (OPA).  T his section als o exhi bits the 
typical hi stologic finding of ab undant m acrophages l o-
cated at the periphery of the neoplasm in OPAs which are 
presumably attracted by the abundant surfactant secreted 
by t he neoplasm.  We a gree wi th t he c ontributor t hat 

Contributor’s Comme nt:  OPA has a number of syno-
nyms, i ncluding s heep pulmonary ade nomatosis an d 
jaagsiekte (Afrikaans for “driving sickness”).  It is a natu-
rally occurring, transmissible disease characterized by the 
development o f p ulmonary neoplasia a nd c aused by an  
exogenous betaretrovirus called jaagsiekte sheep retrovi-
rus (J SRV).6  First rec ognized i n S outh Africa, i t n ow 
occurs wo rldwide, with th e ex ception of the An tipodes.  
The incidence in the UK has been recorded to be as high 
as 30% and it can result in mortality rates of up to 50% in 
affected flocks.4     
 
In this case, the gross changes were typical of t he classi-
cal form  of the disease.  An atypical  form  occurs  
(although has apparently not  been reported i n Scot land) 
whereby the nodules are more discrete, harder and much 
drier.  Lesions generally only occur in the lungs although 
metastasis to  ly mph nodes ca n ar ise and  is  on e of th e 
main features helping to classify the lung lesions as tru ly 
neoplastic, rather than simply proliferative.  Extrathoracic 
metastases have als o been reported. 4  Electron micros-
copy ha s c onfirmed t hat t he al veolar p roliferations are  
composed of type II pneumocytes, while those arising in 
bronchioles are composed of Clara cells.  Both cell types 
are secret ory, accounting for t he c opious am ounts of 
frothy fl uid produced, which t ends t o fl ood t he respira-
tory passages in the classical form.  This  excessive fluid 
accumulation is absent from the atypical form .6  Micro-
scopically, th e n eoplasm is cl assified as a  bronchioloal-
veolar carcinoma.  The hist ological findings in this case  
were typ ical an d tend  t o be id entical between th e two 
forms.4 
 
The lun g trop ism o f t he JSRV and resu ltant neoplastic 
transformation of pulmonary epithelial cells is apparently 
unique in th e retrovirus group.  T he exact mechanism of 
neoplastic transformation is th e su bject of much cu rrent 
research.  Two genes appear to be important to th is tro-
pism and viral infectivity, the env gene and the long ter-
minal repeat  ( LTR) ge ne.  The e nv gene perm its vi ral 
entry of cells because it enc odes the viral  glycoprotei n 
which allows interaction wit h cell recep tors.  Thu s, th e 
virus can only infect cells which specifically express its 
receptor, although pulmonary epithelial cells are not the  
only cells to do so.4  The LTR gene is in tegrated into the 
cellular genome after viral entry and induces viral expres-
sion by in teracting with cellula r transcription factors.  It  
can activate proto-oncogenes via insertional mutagenesis, 
whereby pr ovirus i s i nserted near a proto-oncogene and 
drives its overexpression.   
 
Of these two genes, the env gene is gaining favor as the 
more l ikely oncogenic agent since i t has  been shown to 
function as an oncogene, at least experimentally in mam-
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there is likely at least one other disease process occurring 
in addition to OPA in the distributed section; ovine lenti-
virus pneumonia and a c oncomitant bacterial superinfec-
tion were also discussed in conference.   
 
 
Contributor:  Veteri nary Path ology Unit, Easter Bu sh 
Veterinary Cen tre, Ro yal (Dick) Schoo l of Veterin ary 
Studies, University of  E dinburgh, M idlothian, E H25 
9RG, United Kingdom 
http://www.vet.ed.ac.uk/ 
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