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CASE I  –  C-33738-06 (AFIP 3083594).   
 
Signalment:  Adult, spayed, female Chihuahua 
   
History:  This do g developed v omiting, di arrhea and 
anorexia one day following routine vaccinations and was 
treated sym ptomatically wi th fl uids an d an tibiotics.  
However, the patient co ntinued to deteriorate with ev i-
dence o f a  p rogressively w orsening l iver di sorder an d 
was euthanized eight days following the vaccinations. 
 
Gross P athology:  The su bmitting vet erinarian di d a 
necropsy on the patient but did not report abnormal find-
ings.  Fi xed specimens of s pleen, kidney and l iver were 
received from  the refe rring veterinarian for histopat hol-
ogy. 
 
Histopathologic D escription:  The sectio n of liv er is 
characterized by marked cen trilobular and midzonal he -
patic necrosis (Fig. 1 -1) with sparing of  hepatocytes lo-
cated adjacent to portal triads.  Canalicular plugging with 
bile is frequ ently o bserved b etween surviving h epato-
cytes (Fig. 1- 2).  In th e n ecrotic tissu e, gho st-like rem -
nants of necrotic hepatocytes and the accompanying sinu-
soids can  generally be visualized (coagulative necrosis).  
Inflammatory cell activity is minimal in all areas. 
 
Contributor’s Morpho logic Diagn osis:  Marked acute 

hepatic necrosis with  periportal sp aring an d p eriportal 
intrahepatic cholestasis, Chihuahua, canine. 
 
Contributor’s Comment:  Upon furth er in vestigation, 
the referring veterinarian discovered that the patient had 
inadvertently been vacci nated by injection with an int ra-
nasal tri valent Bordetella br onchiseptica–canine pa rain-
fluenza-canine adenovirus-2 vaccine product due to a n 
error in vaccine preparation by a newly hired technician.  
The product package  insert wa rns t hat subcu taneous or 
intramuscular administration of t he i ntranasal pr oduct 
may resu lt in  icteru s or death from l iver fai lure, but we 
were unable to fin d any information in  the scientific lit-
erature to e xplain the m echanism of he patic injury or 
which component in the vaccine might be responsible for 
the injury.  There is one published report of acute hepatic 
necrosis a ssociated with s ubcutaneous a dministration of 
an intra nsasal canine B ordetella-canine parai nfluenza 
vaccine, but the aut hors did not s peculate as to pat ho-
genesis.  The patient survived and hepatocellular disease 
was still p resent two m onths later based on hepatic b i-
opsy and serum bile acid concentrations.5  Eq uine serum 
hepatitis, so metimes k nown as Th eiler’s d isease, occurs 
subsequent to vacci nation with biologics that c ontain 
equine serum and has a similar pattern of marked hepatic 
necrosis with periportal spa ring.  H owever, aft er nea rly 
one hundred years since equine serum hepatitis was first  
reported, t he pathogenesis o f t he disorder rem ains el u-
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extent of i njury pr oduced i n an  i ndividual ani mal by  a  
predictable hepatotoxin may differ depending on various 
factors i ncluding a ge, sex , diet, an d e ndocrine function.  
Idiosyncratic drug reactions are ca used by those a gents 
that produce a n effect in a small minority of the animals 
exposed, s uch as  carprofe n occa sionally causing acut e 
hepatic necros is in Labrador retrie vers a nd diazepam 
causing acu te fatal h epatic in jury in so me, bu t not all, 
cats.2     
 
Hepatotoxic a gents can be  classified int o six different 
categories based on their cellular target.2  
1.  Production of tox ic m etabolites by t he cyto chrome 
p450 system is the most common form of hepatocellular 
injury.  The e nzymes of thi s system  are l ocated in t he 
smooth endoplasmic reticulum and are found in the high-
est co ncentration of cen trilobular hepatocytes.  Th ey 
function to metabolize lipid-soluble chemicals into water-
soluble compounds for excretion.  
2.  Drugs and cellular enzymes may combine together to 
form neoantigens.  When transported to t he cell s urface 
and presented as antigens, these ne oantigens may stimu-
late both cel lular and humoral immune responses result-
ing in  eit her direct cellu lar cyto toxicity o r an tibody-
dependent cellular cytotoxicity.  (halothane) 
3.  Some toxins may directly initiate apoptosis by stimu-
lating pr oapoptotic pathways wi thin hepatocytes. 
(hydrophobic bile acids) 
4.  C ertain t oxins m ay di rectly dam age cel lular m em-
branes disabling cal cium hom eostasis and res ulting i n 
cell death. (carbon tetrachloride) 
5.  There are ch emicals that will b ind and disrupt the ca-

sive.2  Ordinarily, massive hepatic necrosis in dogs sug-
gests a t oxic etiology.  Al though many drugs, toxins and 
chemicals have been s hown to cause hepatic injury in 
dogs2, it is difficult to find a co mprehensive list of su b-
stances i n which t he t oxicosis in dogs is  predom inately 
manifested by acut e, severe he patic nec rosis.  I n our 
laboratory, ingestion o f xy litol, cycad pal m, poisonous 
mushrooms (particu larly Amanita sp .), or water con tain-
ing blue-green algae are our first considerations as causes 
of m arked hepatic necr osis whe n t here has bee n no 
known exposure to drugs or chemicals. 
 
AFIP Diagnosis:  Liver:  Hepatocellular necrosis, acute, 
submassive t o m assive, di ffuse, with he morrhage an d 
canalicular c holestasis, C hihuahua ( Canis fa miliaris), 
canine. 
 
Conference Comment:  Massive hepatic necrosis is de-
fined as necrosis of entire acini.  In the sections examined 
at the conference, there are acini that are entirely necrotic 
as well as acini that are larg ely necrotic with a rim  of 
surviving h epatocytes aroun d th e portal are as.  Massi ve 
necrosis lead s to co llapse of th e rem aining stro ma, i m-
paired regeneration and postnecrotic scarring.  It  i s usu-
ally, but  n ot a lways, cause d by  t oxins.  Hepatosis di e-
tetica is a n utritionally induced form o f massive hepatic 
necrosis. 4 
 
Hepatotoxic agents can be divided into two broad catego-
ries based on their predicted activity.  Predictable hepato-
toxins are those that produce a generally consistent activ-
ity in  the majority of t he animals that are ex posed.  The 

________________________________________________________________________________________________ 
1-1.  Liver, Chihuahua.  Diffuse coagulative necrosis of the hepatic cords.  (HE 40X).   
1-2.  Liver, Chihuahua.  Multifocally, hepatocytes of the limiting plate are often degenerate characterized by swollen, 
pale, vacuolated cytoplasm (arrowhead) and/or contain green-brown intracanilicular bile plugs (cholestasis).  (HE 
400X). 

1-1 1-2 



WSC 2007-2008 Conference 24 

3 

tative Medicine, College of Veterinary Medicine, Missis-
sippi State University, Box 6100, Mississippi State, MS  
39762-6100 
www.cvm.msstate.edu 
 
References:  
1.  Aleman M, Nieto JE , Ca rr E A, Ca rlson GP: Serum 
hepatitis asso ciated with  commercial p lasma tran sfusion 
in horses. J Vet Intern Med 19:120-122, 2005 
2.  Cu llen JM: Liv er, biliary syste m, an d ex ocrine p an-
creas. In: Pat hologic Basis of Veteri nary Disease, e ds. 
McGavin MD, Zach ary JF, 4 th ed ., pp . 440-447. El -
sevier, St. Louis, MO, 2007 
3.  Guglick MA, MacAllister CG, Ely R W, Edwards W: 
Hepatic disease associated with administration of tetanus 
antitoxin in eight horses. J Am  Vet Med Assoc 11:1737-
1740, 1995 
4.  Stalker MJ, Hayes MA: Liv er and biliary system. In: 
Jubb, Kennedy, and Palm er’s Pat hology of Do mestic 
Animals, ed. M axie MG, 5t h ed., vol . 2, pp . 322-333. 
Elsevier Limited, St. Louis, MO, 2007 
5.  Toshach K, Jackson MW, Dubielzig RR: Hepatocellu-
lar necrosis associated with the subcutaneous injection of 

nalicular pumps that norm ally secrete bile into the ca na-
liculi.  Th is d isruption results in  cho lestasis.  (estrogen, 
erythromycin) 
6.  Direct damage to mitochondria decreases production 
of ad enosine t riphosphate as well  as resu lting in th e re-
lease of cytoc hrome-c leadi ng to ap optosis or n ecrosis. 
(antiviral nucleosides, intravenous tetracycline) 
 
Certain t oxic compounds m ay affect  cel ls ot her t han 
hepatocytes.2  Dam age to  biliary ep ithelium may b e 
caused by trimethoprim-sulfa or sporidesmin, while dam-
age to Kupffer cells can be c aused by endotoxin.  Arsen-
icals damage endothelial cells of th e liver, and vitamin A 
excess causes activation of hepatic stellate cells.   
 
Equine seru m h epatitis is an  id iopathic co ndition m ost 
closely ass ociated with admi nistration o f equine-origin 
biologics.1,3  It is generally reported 41-60 days following 
administration of a biologic product, and is characterized 
by acute hepatic centrilobular necrosis.1 
 
 
Contributor:  Department of Pat hobiology and Preven-

Selected hepatotoxins extracted from Cullen2 

Category Members Mechanism of action Remarks 

Blue-green algae Anabaena, Apha-
nizomenon, Micro-
cystis 

Microcystin LR (cyclic 
heptapeptide) 

More closely related to bacteria 
  

Pyrrolizidine 
alkaloids 

Senecio, Cynoglos-
sum, Crotalaria, 
Heliotropium 

Ingested alkaloids con-
verted to pyrrolic esters 
by cytochrome p450 en-
zymes 

Esters are alkylating agents that act on cy-
tosolic and nuclear proteins. 
Megalocytes due to antimitotic effect. 
  

Aflatoxin Aspergillus flavus Aflatox in B1 (toxic inter-
mediates produced by 
cytochrome p450 en-
zymes) 

Toxin and carcinogen. 
Sheep more resistant. 

Sporidesmin Pithomyces charta-
rum (fungus growing 
on dead rye grass) 

Necrosis of the epithelium 
of large intrahepatic and 
extrahepatic biliary ducts 

Results in cholestasis with failure to ex-
crete phylloerythrin leading to photosensi-
tization 

Mushroom Amanita sp. Toxic cyclopeptides 
  
  
Palloidin (toxic hep-
tapeptide) 

Inhibition of RNA polymerase II function 
disrupting DNA and RNA transcription 

 
Disruption of intracellular actin filaments 
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an intranasal Bordetella bronchiseptica-canine parainflu-
enza vaccine. J Am Anim Hosp Assoc 33:126-128, 1997 
 
  
 

 
CASE II – S61/07 (AFIP 3063785).     
 
Signalment:  Two and a half-year-old, male beagle, ca-
nine. 
 
History:  The do g d ied with m ultiple b ite wo unds i n-
flicted by other dogs kept in the same kennel. 
 
Gross P athology:  At nec ropsy the ani mal displayed 
multifocal, se vere epi dermal ulcers an d e xcoriations of 
the skin of the neck, thorax and both hind limbs associ-
ated with  m ultifocal su bcutaneous and  in tramuscular 
hemorrhages.  T he m andibular an d retropharyngeal 
lymph nodes were enlarged and severely hyperemic.  The 
endocardium had multiple petechial hemorrhages and the 
atrioventricular val ves had m ild nodular end ocardiosis.  
The liver and lung were moderately congested.  In addi-
tion, the lung had mild alveolar edema and emphysema. 
 
Histopathologic D escription:  Within th e kidney th ere 
was m ultifocal v acuolation, d egeneration and  necrosis 
with sloug hing and  l oss of tub ular ep ithelial cells.   
Epithelial degeneration and necrosis were frequently as-
sociated with small cytoplasmic granular deposition of a 
brown-greenish pigment.  Tubuli were multifocally mod-
erately dilated and contained hyalin or coarsely granular 
eosinophilic to  bro wn-greenish casts (Fig 2 -1).  The 
Bowman´s capsul e spa ces contained ab undant e osino-
philic, proteinaceous material.  Interstitial and glomerular 
blood vessels were moderately congested with multifocal 
prominent dilation of cortical veins.   
 
A Turnbull blue stain identified iron in the tubular casts, 
the brush border and in cytoplasm ic granular deposits of 
the t ubular ep ithelium, co nsistent with chro moproteinu-
ria. 
 
Contributor’s Morphologic Diagnosis:  Kidney:  Tubu-
lar degeneration and necrosis (Fig. 2-2), acute, moderate, 
multifocal wi th cy toplasmic pi gment dep osition a nd i n-
tratubular chromoprotein casts. 
 
Contributor’s Comme nt:  The lesi ons are co nsistent 
with acu te tubu lar necrosis fo llowing t raumatic rh abdo-
myolysis and chromoproteinuria.   
Myoglobinuria as a conse quence of elevat ed myoglobin 

serum co ncentration can b e seen in m etabolic d ysfunc-
tion (e .g. e quine e xertional rhabdomyolysis, t ying up), 
stress (e.g. capture myopathy) or severe direct trauma to 
muscles.  In cases of traumatic injury, animals commonly 
also have renal hypoperfusion due to hypovolemic shock.  
The pro posed mechanisms involved in  myo globinuria-
induced renal in jury in clude ren al v asoconstriction, in-
traluminal cas t form ation a nd direct i ntra- and/or e x-
tracellular toxicity of myoglobin.   
 
It has been a rgued t hat renal vas oconstriction i s due t o 
extravasation of fluid in areas of damaged muscle t issue 
leading to  intravascular volume depletion.  Furthermore, 
activation of cytokine cascades and scavenging of nitric 
oxide as an i mportant endogenous vasodilatator by heme 
protein contribute to renal hypoperfusion.   
 
In contrast to earl ier vi ews, i t has bee n sh own that the 
intraluminal cast form ation du ring m yoglobinuria en-
hances the dos e dependent toxicity of hem e by its accu-
mulation and uptake and not by intratubular obstruction.  
Additionally, h ypovolemia, renal v asoconstriction and 
loss of myoglobin solubility in acidic urine facilitate the 
formation of casts.   
 
The e xact m echanisms of direct myoglobin toxicity are 
still under investigation.  It has been hypothesized that by 
heme prot ein end ocytosis, t ubular plasma membranes 
become more vulnerable to the e ffects o f phospholipase 
A2.  Furthermore, iron dependent mechanisms of cel lular 
damage including formation of free radicals, subsequent 
oxidative st ress an d l ipid peroxidation have bee n pro-
posed.   
 
Acute t ubular necrosis i s the m ost comm on reason for 
acute renal failure.  Early degenerative lesions commonly 
seen with acu te ren al failure in clude lo ss of bru sh bor-
ders, flattening of t he ep ithelium, d etachment of cells, 
disruption of tubular basement membranes, formation of 
intratubular casts, an d d ilation of th e lumen s.  These 
changes are observed predominantly in proximal tubules, 
but injury can also be demonstrated in the distal nephron 
and may progress to signs o f necrosis l ike hypereosino-
philia and  lo ss o f cellu lar detail.  Th e d istal n ephrons 
seem to be secondarily damaged by obstruction with des-
quamated cel ls, cel lular debris, hemoglobin, m yoglobin, 
and other plasma proteins.  Tubular regeneration, repre-
sented by flattened to elong ated epithelial cells with  hy-
perchromatic nuclei and mitosis can  be s een aft er about 
three days.  W ithin 2-3 w eeks af ter toxin exposure, r e-
covery of normal renal structure may be completed.   
 
Other conditions damaging renal tubular epithelium may 
result in  morphologic ch anges si milar to  t he lesion s d e-
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scribed here .  Ho wever, the pi gment deposition seen in 
this case is regarded as specific for hemoglobinuria, my-
oglobinuria or b ilirubinuria.  Oth er co mmon nephrotox-
ins producing specific acute tubular necrosis in domestic 
animals include hea vy m etals (e .g. m ercury, lead, arse-
nic), an tibiotics, an tifungal ag ents, an ti-inflammatory 
drugs, and fungal, bacterial and plant toxins.  
 
AFIP Diagn osis:  1.  Kidney:  Degeneration and necro-
sis, tubular, acute, multifocal, moderate, with orange-red-
brown casts, Beagle (Canis familiaris), canine. 
2.  Kidney:  An isotropic green-brown crystals, intratubu-
lar, multifocal (Fig. 2-3). 
 
Conference Comment :  The  contributor gives an excel-
lent overview of myoglobinuric nephrosis.  Hemoglobin 
and myoglobin are chromoproteins that have been associ-
ated wi th hemoglobinuric nep hrosis or  m yoglobinuric 
nephrosis r espectively.  Hemoglobin is normally b ound 
to the carrier protein haptoglobin, which is too large to be 
filtered by the glomerulus.  Therefore, hemoglobin is not 
excreted in the  urine unless supplies of th e carrier mole-
cule are depleted.  Hemoglobin and myoglobin have little 
nephrotoxicity by  t hemselves 4,6, but when associated 
with renal ischemia, acidic urine, and decreased glomeru-
lar filtration rate, they contribute to acute renal failure.6 
 
It is gene rally accepted that  vasoconstriction, lipid per-
oxidation, and acid ification of the urine al l p lay ro les in 
acute tubular necrosis.  Cast formation is thought to result 
from decrease d urine fl ow associated with a decrea sed 
GFR.1,3  In vitro studies of myoglobin toxicity in Fischer 
344 rats s uggest pri mary mechanisms of  d amage res ult 
from dim inished pyruvate-stimulated gl uconeogenesis, 
decreased t otal gl utathione l evels a nd i nduction of l ipid 
peroxidation.5  The e xact m echanisms for these actions  
and their effect in vivo are not fully known.   
 
Hematuria, h emaglobinuria, and m yoglobinuria will all 
generate a positive occult blood test.  They can be differ-
entiated by various diagnostic tests.2  Cen trifugation will 
cause se dementation o f ery throcytes leaving a clear su-
pernatant with hematuria.  Red-brown urine that does not 
clear upo n centr ifugation m ay b e eith er hemoglobinuria 
or myoglobinuria.  These may be differentiated by adding 
saturated ammonium sulfate solution, which will precipi-

________________________________________________________________________________________________ 
2-1.  Kidney,Beagle. Numerous ectatic tubules and ducts contain moderate amounts of red-orange granular casts.  Of-
ten these tubules are lined by attenuated epithelium.  (HE 400X). 
2-2.  Kidney, Beagle.  There is multifocal tubular epithelial necrosis characterized by hypereosinophilic, shrunken 
epithelial cells with pyknotic nuclei (arrowhead).  Multifocally within the interstitium there is mild hemorrhage.  (HE 
400X).   
2-3.  Kidney, Beagle. Few  tubules contain variably- sized, green-brown, irregularly round crystals.  (HE 400X). 

2-3 

2-2 

2-1 
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tate hem oglobin.  A cl ear s upernatant following am mo-
nium su lfate addition is ind icative of hemoglobinuria, 
while a red-brown color indicates myoglobinuria.   
       
The green-brown int ratubular crystals were id entified by 
scanning elect ron m icroscopy w ith en ergy d ispersive x-
ray analysis (SEM-E DXA) and infrare d spectroscopy 
(IR) as  co nsistent wi th cal cium oxal ate monohydrate.  
The calcium  oxalate crystals  in this  case  a re unusual in 
appearance be cause of the green-brown color in H&E.  
The crystals stained positive for Von Kossa and negative 
for Alizarin red.  It is possible that protein and iron depo-
sition within the crystals could account for their abnormal 
appearance.  We would like to  th ank th e AFIP Depart-
ment of E nvironmental and Toxicologic P athology f or 
their assistance in evaluating this case. 
  
 
Contributor:  De partment o f Veterinary Pat hology, 
Freie Universität Berlin, Germany 
http://www.vetmed.fu-berlin.de/einrichtungen/institute/
we12/index.html 
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CASE III – CAS 2 (AFIP 2991412).   
 
Signalment:  1-year-old, male, Beagle dog. 
 
History:  This dog was part  of a 10-day oral toxicologi-
cal s tudy and w as eu thanized at th e end o f th e study.  
There were no relevant clinical signs. 
 
Gross Pathology:  An abnormal shape of the cecum was 
the only relevant macroscopic finding.  
 
Histopathologic D escription:  Th ere is invag ination of  

Pigmentary changes in the kidney, extracted from Maxie et al.4 and Newman et al.6 

Condition Pigment Gross lesion Histologic lesion 

Hemoglobinuric nephrosis 
(acute hemolytic crisis) 

Hemoglobin Dark red-brown to blue-
black with radial streaks 

Fine red granular speckling within 
epithelial cells or granular casts 

Myoglobinuric nephrosis 
(acute rhabdomyolysis) 

Myoglobin Dark red-brown to blue-
black with radial streaks 

Fine red granular speckling within 
epithelial cells or granular casts 

Hemosiderosis (chronic 
hemolytic anemia) 

Hemosiderin Brown discoloration of 
cortex 

Pigment within the epithelial cells 
of proximal tubules 

Cloisonné kidney 
(non-clinical condition) 

Ferritin and he-
mosiderin 

Brown to black renal cor-
tices 

Brown pigmentation of basement 
membrane, convoluted portions of 
proximal tubules 

Lipofuscinosis Brown iron-free 
pigments 

Radial dark lines on the 
cut surface of cortex, spar-
ing the medulla 

Fine brown granules in epithelial 
cells of convoluted tubules 
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glioneuromatosis, cor neal ne rve t hickening and s keletal 
abnormalities.8  Gastroi ntestinal sym ptoms are comm on 
in p atients wi th MEN-2 B, and are secon dary to th e 
pseudo-obstruction ca used by t he ganglioneuromatosis.6  
The pathogenesis of ganglioneuromatosis is no t well un-
derstood, but some studies in humans indicate that it may 
be r elated to  t he ov erproduction of  so me n erve gro wth 
factors.  
 
Immunohistochemically, some cases of ganglioneuroma-
tosis were shown to be a complex hyperplasia of se veral 
peptidergic, c holinergic, an d p robably ad renergic nerve 
fibers i nstead of a sel ective overgrowth of o ne t ype of 
nerve fibers.4  
 
Some rare cases of intestinal ganglioneuromatosis or gan-
glioneuromas have been re ported, m ost of ten i n y oung 
animals: in a ho rse1, a steer 3, a cat9, and 3 dogs.5,11,13  In 
all cases, th ere were clin ical signs (e.g. co lic, impaction, 
anorexia, vomiting, diarrhea, r ectal prola pse) that  led to 
surgical resection of the masses.  Masses were located in 
the small in testine (3  cases),  colon (1 case ), colorectum 
(2 cases) or Vater’s papilla (1 case).  Th is is th e first re-
ported ca se o f asym ptomatic gan glioneuromatosis i n a 
dog.  
 
AFIP Diagnosis:  Cecum (per contributor):  Ganglioneu-
romatosis, wit h in tussusception, Beag le ( Canis famil-
iaris), canine. 
 
Conference Comment:  Ganglioneuromas are composed 
of m ature au tonomic g anglion cells, satellite cells, un-

the tip of the  cecum within its lum en.  Al l parts  of t he 
cecum wall are di ffusely, m oderately thic kened (a bout 
twice norm al thickne ss).  The m uscularis m ucosa, the  
submucosa, s ome part s of t he m uscular l ayers 
(particularly th e long itudinal layer), an d th e sero sa are  
replaced by a poorly demarcated tissue, primarily in the 
same location as the myenteric (Auerbach’s) and the sub-
mucous (Meissner’s) plexuses (Fig. 3 -1).  Th is tissue is 
composed of irregularly-arranged wavy fascicles of nerve 
fibers with round and spindle cells, an d some clu sters of 
enlarged ganglion cells (Fig. 3-2).  The mucosa is moder-
ately h yperplastic, with  m ultifocal to  coalescing hemor-
rhages in th e lamina propria, an d multifocal minimal de-
generation of some gl ands.  Scattered i n t he submucosa 
and the proliferative neural tissue are some cells contain-
ing large pigmented brown granules (hemosiderin). 
 
Contributor’s Morpho logic Di agnoses:  Cecum:  
Transmural ganglioneuromatosis, l ocally extensive, wi th 
intussusception. 
 
Contributor’s Comment:  Intestinal ganglioneuromato-
sis refers to a hyperplastic proliferation of ganglion cells, 
nerve fibers, and supporting cells of  the enteric nervous 
system.  In hu mans, in testinal g anglioneuromatosis is 
most often part of multiple tumor syndromes, particularly 
the multiple endocrine neoplasia (MEN) 2B syn drome.12  
MEN-2B is inh erited i n an  au tosomal d ominant fashion 
and is caused b y a sing le mutation i n t he RET pro to-
oncogene.  This heritable endocrine disorder is character-
ized by m edullary th yroid carcinom a, pheochromocy-
toma, multiple m ucosal n euromas, g astrointestinal g an-

 3-1.  Cecum, Beagle. Tthere are increased numbers of large, irregularly shaped ganglia (arrows) within the tunica 
muscularis and serosa of the intussusceptum.  (HE 100X). 
3-2.  Cecum, Beagle.  Higher magnification demonstrating  increased numbers of  nerve bundles and ganglia.  (HE 
200X). 
________________________________________________________________________________________________ 

3-1 3-2 
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Pathology, Z.I. Pocé-sur-Cisse, B.P. 159, 37401 Amboise 
Cedex, France 
 
References: 
1.  Allen D, Swayne D, Belknap JK: Ganglioneuroma as 
a cause of small intestinal obstruction in the horse: a case 
report. Cornell Vet 79:133-141, 1989 
2.  Brown CC, Baker DC, Barker IK: Alimentary system. 
In: Jubb, Kennedy, and Palmer’s Pathology of Domestic 
Animals, ed. Maxie M G, 5t h e d., v ol. 2, pp. 96-97. El -
sevier Limited, St. Louis, MO, 2007 
3.  C ole DE , M igaki G,  Leipold HW: C olonic gan-
glioneuromatosis in a steer. Vet Pathol 27:461-462, 1990 
4.  D’Amore ES, Manivel JC, Pettin ato G, Nieh ans GA, 
Snover DC: Intestinal ganglioneuromatosis: mucosal and 
transmural t ypes. A cl inicopahologic a nd i mmunohisto-
chemical study of six case s. Hum Pathol 22 :276-286, 
1991 
5.  Fai rley RA, McEn tee MF: Co lorectal g anglioneuro-
matosis in a young female dog (Lhasa Apso). Vet Pathol 
27:206-207, 1990 
6.  Goyal RK, Hi rano I: The ent eric nervous system. N 
Engl J Med 334:1106-1115, 1996 
7.  Head KW, Else R W, Dubielzig: T umors of t he ali-
mentary tract. In: Tumors in Domestic Animals, ed. Meu-
ten DJ, 4th ed., p. 470. Blackwell Publishing, Ames, IA, 
2002 
8.  Ko mminoth P: Multiple en docrine n eoplasia type 1 
and 2: f rom m orphology t o molecular pat hology. Vehr 
Dtsch Ges Path 81:125-138, 1997 
9.  Pat naik A K, Lieberman PH, Johnson GF: In testinal 
ganglioneuroma in a k itten – a case repo rt and review of 
literature. J Small Anim Pract 19:735-742, 1978 
10.  Porter BF, Storts RW, Payne HR, Edwards JF: Colo-
nic ga nglioneuromatosis i n a  h orse. Vet Pa thol 44:207-
210, 2007 
11.  R ibas J L, K wapien R P, P ope ET:  Immunohisto-
chemistry and ultrastructure of intestinal ganglioneuroma 
in a dog. Vet Pathol 27:376-379, 1990 
12.  She kitka KM , Sobin L H: Gan glioneuromas of the 
gastrointestinal tract. Relation  t o Von Reck linghausen 
disease and other multiple tumor syndromes. Am J Su rg 
Pathol 18:250-257, 1994 
13.  Van De n Ingh TS GAM, Rothuizen J:  Ganglioneu-
roma of Vater’s papilla and extrahepatic cholestasis in a 
dog. Vet Pathol 21:254-256, 1984 
 
 
 
 

 
 
 

myelinated and occasionally myelinated axons, Schwann 
cells and a fibrous stroma.  They are generally considered 
benign neoplasms.  Int estinal gan glioneuromatosis i s 
considered a hyperplasia of similar ele ments; it is typ i-
cally tran smural.  As noted by th e co ntributor, bo th le-
sions are rare in animals and have not been found to be 
associated with MEN-like syndromes.7  Some have sug-
gested t hat g anglioneuromas may act ually represe nt 
hamartomas (b enign, nonneoplastic, tu mor-like nod ules 
consisting of an overgrowth of mature cells that normally 
occur i n t he affected organ) rat her than beni gn neo -
plasms.10   
 
Intussusceptions are described as having three layers: (1) 
outer wall of the receiving segment, (2) middle returning 
segment of  i nvaginated b owel, an d (3) i nner ent ering 
segment. Th e intussusception seen  in th is lesio n is un-
usual in  th at it co ntains only two  of th e th ree layers, a 
feature that will occur only through the invagination of a 
blind pouch (in this case, t he tip of t he ce cum).  Cecal 
inversion i s a nother t erm fo r s uch a  l esion  (Fig. 3 -3).  
Various cau ses of in tussusception m ay in clude linear 
foreign bodies, heavy parasitism, previous intestinal sur-
gery, en teritis, an d in tramural lesio ns.  It may also  d e-
velop as a terminal, agonal or postmortem event.2  

We appreciate the assistanc e fr om t he Depart ments of  

Gastrointestinal Pat hology, Neuropathology, and Soft 
Tissue Pathology at the Armed Forces Institute of Pathol-
ogy in consultation on this case. 
 
 
Contributing Institution:  Pfizer PGRD, Department of 

A B 

Fig 3-3.    A.  Intussusception of tubular section of bowel 
consisting of three layers: (1) outer wall of the receiving 
segment, (2) middle returning, segment of invaginated 
bowel, and (3) inner entering segment.   
B.  Intussusception of a blind pouch consisting of two 
layers: (1) outer wall of the receiving segment, and (2) 
the middle returning, segment of invaginated bowel. 
______________________________________________ 

______________________________________________ 
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0.2cm to 2.0 cm in diameter, raised, white to gray, granu-
lar, pla ques decorate d the glossal, buccal and gingival  
surfaces (Fig  4 -1 ).  In  the so ft palate, th ere was a 2  x 
2cm ulcerated area, covered by a thick layer of a granular 
yellow m aterial.  Th ere were m ultifocal, 0.5 cm to  1 cm 
diameter, gray plaques on the esophageal mucosa (Fig. 4-
2). Gray to yellow, granular, fibrinous plaques were dis-
seminated over the length of the tracheal mucosa.  Multi-
focally slightly elevated plaques covered the epicardium 
of t he ri ght a nd l eft ventricles.  A dditionally t here was  
mild hydrocephalus, rare intestinal mucosal hemorrhages, 
and a mild fibrinous perihepatitis 
 
Histopathologic D escription:  T he sect ions of es opha-
gus submitted have focal erosion to ulceration of locally 
hyperplastic ep ithelium co vered by an  exo phytic co ag-
ulum of fi brin and cel lular debris (Fig 4 -3).  The e xo-
phytic coagulum is supported by a pedunculated to broad 
base of fi brin irregularly infiltrated by granulation tissue 

CASE IV -  07-45 (AFIP 3074806).    
  
Signalment:  Seven-month-old, female, G olden R e-
triever mixed breed, Canis familiaris, dog  
 
History:  The dog was presented with chronic conjuncti-
vitis, gingival lesions, and respiratory disease.  The clini-
cal signs had b egun at 4 .5 w eeks o f age an d h ad pr o-
gressed.  Pr evious d iagnostics in cluding conju nctival 
biopsies, cyto logy and  bacterial cu lture of conj unctival 
swabs, cani ne di stemper se rology, virus isolation, a nd 
routine bloodwork f ailed to estab lish a diagnosis.  On 
presentation there were circular, raised, pink, fleshy, mu-
cosal lesions of th e conjunctiva, throughout the oral cav -
ity and n aso-pharynx and an  u lcer o n the sof t p alate.  
Thoracic ausc ultation re vealed ha rsh refe rred u pper air-
way soun ds.  A r epeat biopsy o f t he ocular conju nctiva 
identified a  profuse acc umulation of  fibrin in ar eas of 
ulceration and under-running the epithelium.  A diagnosis 
of lign eous con junctivitis was m ade.  Based 
on t his di agnosis and i nvolvement of other 
mucosal surfaces, a presumptive diagnosis of 
plasminogen deficiency was made.  This was 
confirmed by  a low plasminogen functional 
activity assay o f 35% (compared to a normal 
age-matched control of 111 % an d poo led 
samples from  no rmal dogs  of 118%).  T he 
conjunctival lesions recurred after the e xci-
sional biopsy.  A 2-week round of topical and 
intravenous t reatment wi th f resh frozen 
plasma dim inished t he co njunctival l esions; 
however, fo ur weeks later th e do g h ad a 
lower pl asminogen act ivity assay  (1 0%), 
weight loss, inap petance and leth argy.  The 
owners requested euthanasia.  
 
Gross Pa thology:  Multifocal to coalescing, 

___________________________________ 
 
4-1.  Oral cavity, Golden retriever mix, ca-
nine. Raised, white to gray, granular, 
plaques decorate the glossal, buccal and 
gingival surfaces. 
4-2.  Esophagus, Golden retriever mix, ca-
nine. 0.5cm to 1cm diameter gray plaques 
on the esophageal mucosa. 
 
Gross photographs courtesy of The Univer-
sity of Tennessee, Collage of Veterinary 
Medicine, 2407 River Dr., Knoxville, TN, 
37996 
     
___________________________________ 

4-1 

4-2 
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eral conjunctival lesions.  The clinical diagnosis of ligne-
ous conjunctivitis was m ade based on the histologic ap-
pearance of the conjunctival biopsy and functional plas-
minogen activity assay.  This form of conjunctivitis is so 
named because of the wood-like consistency of the mem-
branes.  Reports of this condition in canines are rare, pre-
dominantly in the Doberman Pinscher breed.9  It is more 
commonly reported in females in both the veterinary and 
human literatu re.5,9  Th e cond ition is link ed to  a typ e I 
plasminogen deficiency and an autosomal-recessive ge-
netic mutation has been identified as a c ommon cause of 
this functional deficiency.10  The pathogenesis of th e le -
sions in th e conjunctiva and other mucosal sites involves 
the coagulation of fi brin following m inor m echanical 

with m acrophages an d ne utrophils an d a  few l ympho-
cytes, plasm a cells and e osinophils adm ixed.  I n som e 
areas, th is th ick layer of fi brin and  i nflammatory cells 
forms fi nger-like p rojections partially ove rlain by 
squamous epithelium (Fig. 4-4).  In immediately adjacent 
esophagus there is li mited focal to  multifocal subepithe-
lial fibrin deposition (Fig. 4-5).  
 
Contributor’s Mor phologic Di agnosis:  Severe, 
chronic, ulcerative and prolif erative, fibrinomembranous 
esophagitis 
 
Contributor’s Comme nt:  This patient was in itially 
presented to the Ophthamology service because of bilat-

4-3.  Esophagus, Golden retriever mix, canine.  Exophytic plaque composed of markedly thickened lamina propria 
which elevates the overlying moderately hyperplastic and ulcerated epithelium.  Superficially, these plaques are covered 
by a fibrinocellular mat.  (PTAH).  
 
Photomicrograph courtesy of The University of Tennessee, Collage of Veterinary Medicine, 2407 River Dr., Knoxville, 
TN, 37996 
________________________________________________________________________________________________ 
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AFIP Diagnosis:  Esophagus:  Esophagitis, proliferative, 
fibrinous, n eutrophilic and lymphoplasmacytic, multifo-
cal, marked, with ulceration,  ac antholysis, granulation 
tissue an d m ultifocal subepithelial fibrin, Golden re-
triever mix (Canis familiaris), canine. 
 
Conference Comment :  The  contributor gives an excel-
lent overview of pl asminogen deficiency associated with 
ligneous conjunctivitis.  Conf erence participants are en -
couraged to  review the article o n th is case published by 
Johnstone McLean et al.7  Plasminogen plays a vi tal role 
in in travascular and  ex travascular fibrinolysis, wo und 
healing, cell migration, tissu e remodeling, ang iogenesis, 
and embryogenesis.2  Plasminogen may be  converted to 
plasmin by cleavage with either t issue-type plasminogen 
activator (tPA) leading to lysis of fibrin clots in the blood 
stream or u rokinase-type plasminogen act ivator ( uPA) 
associated with wound healing and tissue remodeling.1 
 
It is in teresting to note that in h umans and animals diag-
nosed with type I plasm inogen defficiency, there is little 
to no in crease in th e risk  of de veloping intravascular 
thrombosis, which implies the existence of an alternative 
pathway for intravascular fibrinolysis.7,11,13 
 
The pseudomembranous deposits on mucous membranes 
occurs primarily in areas of previous damage.  The hya-
line m aterial may cont ain s cattered neutrophils, e osino-
phils, T -lymphocytes, plasma cel ls, mast cel ls and/ or 
foreign material.  Immunohistochemistry may be positive 
for fibrin, albumin and immunoglobulins (IgG, IgA).3,6 
 

injury to tissues.  This fibrin rich matrix provides hemo-
stasis and is s ubsequently replaced by gra nulation tissue 
in normal individuals.   
 
Impaired p roteolysis du e t o defi ciency i n pl asminogen 
results in an inability to remove the fibrin rich matrix and 
remodel granulation tissue, thus arresting wound healing 
at the gra nulation tissue sta ge and resulting in the accu-
mulation of fibrin rich membranes.  
 
The condition is typically diagnosed in neonates but may 
develop at any age.  The palpebral conjunctiva is affected 
most f requently b ut t he bulbar conjunctiva and c ornea 
may be affected as well.  Other mucosal sites such as the 
gingiva, ea r, respiratory tract, g astrointestinal tract an d 
female reproductive tract may also be a ffected with or 
without the presence of conjunctival lesi ons.3,4,9,12  As 
was the case in this dog, hydrocephalus has been reported 
in i nfants with pl asminogen deficiency.4,12  In  th is case 
there were m ultiple v enous t hrombi asso ciated with le-
sions in t he oral cavity and pre sent i n the pulm onary 
field.  While the prim ary re spiratory sign s in  th is do g 
were lik ely du e to  trach eal o bstruction, t he pu lmonary 
thrombi may have played some ro le in this animal’s res-
piratory condition.  Although not reported in  the human 
literature in asso ciation with lig neous co njunctivitis, se-
vere decreases in plasm inogen activity, when c oupled 
with o ther in sults o r precipitating ev ents su ch as opera-
tions, trauma or i nfection have been reported to increase 
the risk for thromboembolic events.8  
 
 

4-4.  Esophagus, Golden retriever mix, canine.  Diffusely, overlying the ulcerated plaques, is a thick fibrinous mat ad-
mixed with numerous inflammatory cells.  (HE 200X).   
4-5.  Esophagus, Golden retriever mix, canine.  Subepithelial fibrin deposition admixed with neutrophils, lymphocytes, 
and macrophages.  (HE 400X). 
________________________________________________________________________________________________ 
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Contributor:  Th e University o f Tennessee, Co llage of 
Veterinary Med icine, 2407 Riv er Dr., Kn oxville, TN,  
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