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CASE I:   
 
Signalment:  
Late-term aborted, female lamb from lowland 
sheep (Ovis aries). 
 
History:  
Eight aborted lambs from six abortions were 
submitted for necropsy. Twenty-two late-term 
abortions had occurred in a group of 230 low-
land ewe lambs (1-year-old) over an 8-day pe-
riod. The ewe lambs were due to start lambing 
approximately 1 week later. Twin pregnancies 
had been particularly affected and occasion-
ally one twin was born alive and survived. The 
ewe lambs had been kept outdoors on grass 
only, with no access to silage or concentrates, 
appeared in good body condition and had been 
vaccinated against toxoplasmosis and ovine  

 
 

 
campylobacteriosis, but not against ovine en-
zootic abortion (syn. enzootic abortion of 
ewes (EAE)). 
 
Gross Pathology:  
Six out of the eight submitted aborted lambs 
were received with all or part of their placen-
tas. Three placentas were grossly unremarka-
ble. In the other three placentas, there was a 
focally extensive area of moderately thick-
ened, non-translucent, slightly dry and brown 
intercotyledonary tissue and similarly dry and 
brown cotyledons. Large adjacent areas were 
moderately edematous with injected blood 
vessels. The aborted lambs were well-pre-
served with no evidence of maceration or 
mummification. Some aborted lambs had 
small amounts of serosanguinous fluid in the 
abdominal cavity and occasional subcutane-
ous or perirenal bruising. 

 
Laboratory Results:  
Laboratory testing was carried out on four of 
the six abortions. Culture of fetal stomach 
contents from three cases revealed a very 
heavy pure growth of hemolytic Gram-posi-
tive rods that were identified as Listeria iva-
novii. Enriched culture was negative for Cam-
pylobacter spp. Placental smears stained with 
modified Ziehl-Neelsen were negative for 
Brucella spp., Chlamydia spp. and Coxiella  

 
Placenta, sheep: There is a focally extensive area of mod-
erately thickened, non-translucent, slightly dry and 
brown intercotyledonary tissue and similarly dry and 
brown cotyledons (Photo courtesy of:  Department of 
Pathobiology and Population Sciences, Royal Veterinary 
College, Hawkshead Lane, North Mymms, Hertford-
shire, United Kingdom, AL9 7TA. The website address is 
www.rvc.ac.uk) 

http://www.rvc.ac.uk/
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Placenta, sheep: Sections of cotyledon and intercoty-
lendonary placenta are submitted for examination.  (HE, 
6X) 

 

spp. PCR for Toxoplasma gondii and border 
disease virus were both negative. 

Microscopic Description:  
Chorioallantois, cotyledons and intercotyledo-
nary tissue: The cotyledons and intercotyledo-
nary tissue are extensively necrotic, expanded 
by edema and multifocal fibrin deposits and 
infiltrated by high numbers of viable and de-
generate neutrophils, fewer macrophages and 
several prominent colonies of short, Gram-
positive, rod-shaped bacteria (bacilli), meas-
uring 0.5–2 μm in length (Figure 2). Multifo-
cally, there are degenerate and necrotic troph-
oblasts, some of which contain intracytoplas-
mic Gram-positive bacilli. Several blood ves-
sel walls, mainly arteries, contain intraluminal 
fibrin thrombi and the blood vessel walls are 
moderately to markedly infiltrated and ex-
panded by high numbers of viable and degen-
erate neutrophils and fibrin. 
 
Contributor’s Morphologic Diagnosis:  
Chorioallantois, cotyledons and intercotyledo-
nary tissue; acute, focally extensive, marked, 
necro-suppurative placentitis with large num-
bers of intralesional Gram-positive bacilli and 
multifocal, marked, necrotizing and neutro-
philic vasculitis with acute intraluminal fibrin 
thrombi 

 
 

Contributor’s Comment: 
The microscopic findings in the chorioallan-
tois and the pure growth of Listeria ivanovii 
from fetal stomach contents support this abor-
tion outbreak to be the result of listerial infec-
tion. 

L. ivanovii, formerly known as L. monocyto-
genes, serotype 5 8  is a recognized cause of 
ovine,1,6,9 caprine5 and bovine3 abortions, but 
rarely causes other conditions. It appears to be 
especially pathogenic for sheep but is less 
commonly isolated than L. monocytogenes.7   

The most common lesions in abortions caused 
by L. monocytogenes are necro-suppurative 
cotyledonary and intercotyledonary placenti-
tis, autolysis of aborted fetuses, miliary foci of 
necrosis in the liver and spleen, and marked 
necrotizing enteritis,4,7 whereas less is known 
about typical lesions in abortions caused by L. 
ivanovii. 

The present case had necro-suppurative pla-
centitis and fibrino-suppurative vasculitis, 
which has not been previously described in 
cases of ovine abortions due to L. ivanovii,1,6,9 
but has been described in a case of caprine 
abortion. 5 Interestingly, only rare, microscop-
ically evident, necrotic foci in the liver were 
identified in this case, even though grossly ap-
parent necrotic hepatitis is commonly de-
scribed in ovine and bovine abortions due to  

 
Placenta, sheep: There is diffuse coagulative and lytic 
necrosis of the cotyledon.  (HE, 33X) 
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Placenta, sheep: There are innumerable bacteria within 
the necrotic cotyledon.  (HE, 608X) 

 

L. monocytogenes 7 and also in previous cases 
of ovine abortions due to L. ivanovii.1,6,9 Also, 
the lungs had moderate neutrophilic broncho-
pneumonia which was likely the result of in-
haled amniotic fluid with admixed listerial 
bacteria. Similarly, bronchopneumonia has 
been described in an ovine,6 caprine5 and bo-
vine3 abortion case caused by L. ivanovii. 

In abortion outbreaks caused by L. monocyto-
genes, infection most often spreads by inges-
tion of food or water contaminated by feces, 
urine, placenta or vaginal discharge from af-
fected ewes. Also, consumption of contami-
nated poor-quality silage is a well-known and 
important source of infection with L. mono-
cytogenes.7 Previously reported ovine abor-

tion outbreaks caused by L. ivanovii often co-
incided with periods of cold and wet 

weather1,6,9 and feeding of spoiled hay9 or 
moldy hay and barley.6 In the herein described  

abortion outbreak, the ewe lambs had only 
been on grass, suggesting that L. ivanovii in-
fection may have been directly acquired from 
the pasture environment. This route of expo-
sure has been proposed in a case series of 
weaned lambs in the United Kingdom with 
visceral L. ivanovii infections.2 Interestingly,  

 
Placenta, sheep: There is necrosis of the intercotyledo-
nary  epithelium and the trophoblasts are swollen with 
intracytoplasmic bacilli. (HE, 308X). 

 

in this submission, the farmer reported that 
some abortions consisted of one dead lamb 
and one live unremarkable lamb including one 
of those submitted from which L. ivanovii was 
isolated. This is in contrast to previous re-
ports.1,6,9 

The present case highlights the importance of 
testing for common as well as less common 
abortion pathogens and sampling of several 
tissues for histology to confirm isolated path-
ogens microscopically. 

Contributing Institution:  
Department of Pathobiology and Population 
Sciences, Royal Veterinary College, 
Hawkshead Lane, North Mymms, Hertford-
shire, United Kingdom, AL9 7TA. The web-
site address is www.rvc.ac.uk:  https://vet.pur-
due.edu/cpb/ 

 
Placenta, sheep: The bacilli within the necrotic cotyledon 
are gram-positive. (Gram, 400X) (Photo courtesy of:  De-
partment of Pathobiology and Population Sciences, 
Royal Veterinary College, Hawkshead Lane, North 
Mymms, Hertfordshire, United Kingdom, AL9 7TA.) 
 

http://www.rvc.ac.uk/
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Placenta, sheep: There is necrotizing vasculitis and 
thrombosis of the endometrial vessels. (HE, 308X). 

 
JPC Diagnosis: 
Placenta: Placentitis, necrosuppurative, sub-
acute, diffuse, severe, with vasculitis, throm-
bosis, and numerous extracellular and in-
tratrophoblastic bacilli.     

 
JPC Comment:   
This week’s moderator was Dr. Maggie 
Highland from the University of Wisconsin 
Veterinary Diagnostic Laboratory. Dr. High-
land emphasized the diagnostic workup of 
small ruminant abortion in her pre-confer-
ence lecture and revisited these concepts in 
this first case which we excerpt again here. 

From subgross magnification, tissue identifi-
cation of the placenta in this case is facili-
tated by recognition of ruminant cotyledo-
nary structure. Although there is marked co-
agulative (and subsequently lytic necrosis) 
present in this tissue, the state of tissue 
preservation is representative of typical abor-
tion cases. The major diagnostic features pre-
sent include vasculitis and innumerable in-
tratrophoblastic cytoplasmic bacilli which 
provide a clear mechanism for abortion (in-
terruption of blood flow and placental insuf-
ficiency). Conference participants considered 
several possible etiological agents including 
Chlamydia (which would also have vasculitis 
and intracytoplasmic bacteria) as well as Bru-

cella (vasculitis) and Coxiella (lacks vascu-
litis, but centered on trophoblasts).7 Other po-
tential rule outs for small ruminant abortion 
include Border disease virus (and BVDV) as 
well as toxoplasmosis, though the latter is as-
sociated with cotyledonary necrosis without 
vasculitis.7 

Our Gram stain was helpful for resolving Lis-
teria as the probable agent given the size and 
slight curvilinear shape – we noted large 
numbers of gram-positive bacteria both free 
and within trophoblasts. Conference partici-
pants wondered if the large number of organ-
isms present on this slide represented a par-
ticular tropism/niche (and corresponding fit-
ness) of L. ivanovii for placenta. Likewise, 
we speculate that Listeria hitting twins harder 
than singleton lambs reflects a decreased pla-
cental reserve for twins over singletons. Alt-
hough not performed at the JPC, Giemsa 
and/or Gimenez stains to enhance visualiza-
tion of trophoblastic organisms is a helpful 
part of the diagnostic workup.7 Culture of fe-
tal abomasal contents may prove vital in in-
stances where the placenta lacks diagnostic 
information. Dr. Highland emphasized re-
porting PCR/culture results as “not detected” 
or cultures as “no growth:  rather than ‘nega-
tive’ in both instances– this distinction car-
ries some weight in animals previously 
treated with antibiotics and precludes poten-
tial client misinterpretation of “negative” re-
sults. 
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CASE II:  
 
Signalment:  
<30-day-old (neonate), female, Texel lamb, 
Ovis aries 

History:  
Death of 20, <30-day-old lambs was reported 
in a flock of 450 nonvaccinated Texel sheep 
in a farm in the department of Rivera, Uru-
guay, in October 2023 (spring season in the 
Southern Hemisphere). The flock was graz-
ing natural grassland on a low terrain that 
used to be used for the cultivation of rice, and  

 
Liver, lamb:  There is diffuse dark red discoloration of the 
right kidney and dark red urine (hemoglobinuric nephro-
sis). The adipose and subcutaneous tissues are yellow 
(jaundice), and the skeletal muscles are pale pink (con-
sistent with anemia). (Photo courtesy of Instituto 
Nacional de Investigación Agropecuaria (INIA), La Estan-
zuela, Colonia 70006, Uruguay. www.inia.uy) 
 

following a severe flooding event, the af-
fected lambs exhibited severe apathy and he-
moglobinuria, progressing to death within 
24-48 hours. 

 
Gross Pathology:  
The main gross findings included yellowish 
discoloration of the subcutaneous and adi-
pose tissues (jaundice), diffuse bilateral dark-
red discoloration of the kidneys with dark-red 
urine filling the urinary bladder (hemoglobi-
nuria), pale skeletal muscles (anemia) (Figure 
1), dark pink to red mottled lungs with rub-
bery/meaty texture and intraluminal bron-
chial and tracheal froth (pulmonary edema). 

 
Laboratory Results: 
 

 
Tissues 

Tests for 
detecting 

Leptospira  Liver  Kidney  

Immuno-
histochem-

istry* Positive  Negative 

qPCR for 
pathogenic 

Positive Positive 

http://www.inia.uy/
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Leptospira 
spp. (tar-
geting the 

lipL32 
gene) 

PCR tar-
geting the 
16S rDNA 
gene fol-
lowed by 

sequencing 
for species 
identifica-

tion L. kirschneri L. kirschneri 

*Using Leptospira multivalent fluorescent antibody conju-
gate (LEP-FAC) as primary antibody. 
 
Microscopic Description: 
Liver: diffusely there is disruption of the his-
toarchitecture of hepatic cords in the centri-
lobular (periacinar) areas with a bridging pat-
tern. Within these regions hepatocytes are 
frequently dissociated and individualized 
from the hepatic cords and are either swollen 
with vesicular nucleus (hydropic degenera-
tion) or shrunken with angular cell borders 
and hypereosinophilic cytoplasm and nuclear 
pyknosis or karyorrhexis (necrosis) (Figure 
2). In these areas there is multifocal infiltra-
tion of neutrophils, lymphocytes and histio-
cytes, occasionally grouping around necrotic 
hepatocytes, although similar inflammatory 
infiltrates are present in the sinusoids of the 
midzonal and periportal regions where 
hepatocytes are preserved. Portal tracts are 
moderately and multifocally expanded by in-
flammatory cells, notably histiocytes, lym-
phocytes and rare neutrophils, and/or fibro-
blasts embedded in a loose extracellular col-
lagenous matrix (fibrosis/fibroplasia). 

 
Contributor’s Morphologic Diagnosis: 
1.  Liver: multifocal random neutrophilic and 
lymphohistiocytic hepatitis with severe dif-
fuse acute periacinar hepatocellular necrosis, 
lamb. 

2. Liver: hepatitis, portal, lymphocytic and 
histiocytic, with fibrosis, lamb 
 
Contributor’s Comment:  

The clinical signs and gross patholog-
ical findings in this lamb were highly sugges-
tive of acute (likely intravascular) hemolysis. 
Differential diagnoses include “yellow lamb 
disease” (a poorly characterized enterotoxe-
mia presumably caused by Clostridium 
perfringens alpha toxin), Mycoplasma ovis 
infection, and toxic plants causing hemolysis 
(i.e. Allium spp., Brassica spp., Indigofera 
spp., Urochloa arrecta).2,3,8,9 In older sheep, 
chronic copper toxicity is characterized by 
similar clinical and pathological findings.2 In 
this case, an etiologic diagnosis of leptospiro-
sis was established based on intralesional 
identification of Leptospira spp. antigen by 
immunohistochemistry in the liver (Figure 3), 
and molecular identification of Leptospira 
kirschneri in the liver and kidney (see labora-
tory results section). 

The nature and distribution of the mi-
croscopic lesions in the liver of the lamb, no-
tably diffuse acute periacinar hepatocellular 
degeneration/necrosis, suggest that they prob-
ably resulted, at least in part, from hypoxia 
perhaps secondary to hemolytic anemia. 
However, a direct action of leptospiral inva-
sion and multiplication in the liver, as high- 

 
Liver, lamb:  One section of liver is submitted for exami-
nation with no obvious changes at subgross magnifica-
tion. (HE, 7X) 
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lighted immunohistochemically, probably 
contributed to the inflammatory and necrotiz-
ing lesions seen in the hepatic parenchyma. It 
was not clear whether the portal lesions in 
this case were due to Leptospira infection or 
a pre-existing incidental finding. No Lepto-
spira antigen could be clearly identified in 
the portal tracts or bile ducts. Notably, de-
spite the jaundice seen grossly, no significant 
bile stasis was observed histologically in the 
liver, suggesting pre-hepatic jaundice proba-
bly resulting from hemolysis. 

Leptospirosis is a zoonotic disease of 
worldwide distribution caused by spirochetes 
in the genus Leptospira. The taxonomy of the 
genus has evolved enormously in recent 
years, and now contains several pathogenic 
species such as L. interrogans, L. 
borgpetersenii, L. noguchii, and L. 
kirschneri, within which more than 350 
serovars have been identified.4 While a wide 
range of wild and domestic animal species 
can be infected by a wide range of serovars, 
some serovars are adapted to a given animal 

species (maintenance hosts) and cause dis-
ease in another species (incidental hosts).1 
The major host-adapted serovars are Hardjo 
in cattle and sheep, Icterohaemorrhagiae and 
Copenhageni in rats, Ballum in mice, Cani-
cola in dogs, and Pomona and Bratislava in 
pigs. Dogs, cattle, pigs, and horses are the 
main incidental domestic animal hosts and 
suffer from the disease in diverse degrees 
from asymptomatic to lethal.4 

The natural niche of pathogenic Lep-
tospira spp. are the proximal renal tubules 
and the genital tract in certain maintenance 
hosts. Transmission might be direct through 
contact with urine, lochia, milk, genital mu-
cosa (venereal transmission), or transplacen-
tal. Infection of incidental hosts is usually in-
direct, via environmental contamination by 
urine of carrier animals. Under ideal wet, 
warm, and neutral to slightly alkaline condi-
tions leptospires may survive for weeks or 
months in water-logged soil or water. Thus, 
in temperate climates leptospirosis occurs es-
pecially in the wet season and the risk of ex-
posure and infection is increased by heavy 

Liver, lamb:  Within centrilobular and midzonal areas, there is disassociation of hepatic plates with individualization and 
rounding up of hepatocytes.  (HE, 381X) 
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rainfall, agricultural irrigation and/or flood-
ing. In tropical and subtropical areas, the dis-
ease can occur year-round.1,4 

In incidental hosts, infection may 
cause severe acute or subacute systemic dis-
ease during bacteremia (leptospiremic phase), 
particularly in young animals. After lepto-
spiremia has ceased, chronic disease can 
manifest as abortion, stillbirth, infertility, or 
recurrent uveitis. The acute/subacute sys-
temic disease is clinically characterized by 
fever, jaundice, hemolytic anemia, hemoglo-
binuria, pulmonary congestion, and occa-
sional meningitis.1 

Leptospira genomes encode many 
proteins of unknown or poorly defined func-
tion and the molecular bases for virulence are 
poorly understood. Adhesion to host cells and 
components of the extracellular matrix likely 
plays a role in virulence. Flagellar motility, 
notably controlled by chemotaxis, is key to 
Leptospira virulence, as are several mecha-
nisms allowing the bacteria to escape or resist 

the host immune response. How the lipopoly-
saccharide (LPS) contributes to virulence is 
still poorly known, but mutations that alter 
the LPS structure attenuate virulence. Patho-
genic Leptospira spp. also produce sphingo-
myelinase-like enzymes with phospholipase 
C, hemolytic, and apoptotic activities. As 
these are absent in the saprophytic Leptospira 
spp. they are thought to contribute to viru-
lence.4 

Leptospirosis is a complex disease; its 
pathogenesis has not been fully elucidated 
and varies for different serovars in different 
animal species.1 Leptospires entry to the 
body through mucous membranes (conjuncti-
val, oral, genital) or via damaged or compro-
mised skin, without inducing notable lesions 
at the point of entry.4 The mechanisms used 
to enter the bloodstream through endothelial 
cells are not well understood; however, mo-
tility seems to be essential for pathogenic 
Leptospira spp. to cross tissue barriers, which 
is thought to occur through intracellular 

Liver, lamb:  Individualized hepatocytes demonstrate granular eosinophilic cytoplasm with variable pyknosis and karyor-
rhexis.  Hepatocytes are surrounded by abundant granular eosinophilic debris which fills sinusoids; there are few intact 
hepatocytes.  (HE, 721X). 
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translocation. During the leptospiremic phase 
(hematogenous dissemination), which can 
last up to 7 days, the main symptom is fever, 
while clinicopathological findings frequently 
include leukocytosis and thrombocytopenia. 
Hemorrhages in the liver, kidneys, and/or 
lungs can develop in the acute phase of the 
disease, at which stage inflammation is usu-
ally absent. 

After rapid hematogenous spread, lep-
tospires interact through adhesins with a 
range of host tissue proteins in different or-
gans.4 The pathogen multiplies especially 
well in the liver, kidney, lungs, placenta, 
mammary gland, and cerebrospinal fluid 
(CSF).1 Leptospira have developed strategies 
to evade host defenses and resist the comple-
ment system. Although generally considered 
an extracellular pathogen, it is also able to 
penetrate host cells and survive inside macro-
phages and other phagocytes involved in the 
innate immune response. Leptospires have 
also developed strategies to escape recogni-
tion by pattern-recognition receptors of the 
innate immune system that recognize mi-
crobe-associated molecular patterns (i.e. 
Nod-like and Toll-like receptors). However, 
the innate immune system can detect Lepto-
spira and activate an immune response and 
the expression of cytokines.4 After tissue col-
onization, hepatitis, and hepatocellular death 
(apoptosis/necrosis) can be seen early in the 
disease associated with leptospiral invasion. 
In the kidneys, interstitial nephritis is seen, 
but can be quite discrete, whereas hemoglobi-
nuria can occur in ruminants.4 Development 
of agglutinating and opsonizing antibodies 
after approximately 6-7 days clears the agent 
from most organs except from immunoprivi-
leged sites such as the proximal tubules of 
the kidneys, the CSF, and the vitreous humor 
of the eyes. Certain serovars can also survive 
and establish chronic infection in the genital 
tract of maintenance hosts.1   

In sheep, Leptospira infection is usu-
ally asymptomatic, although severe disease 

occurs sporadically in young animals. In neo-
nate lambs, leptospirosis is usually character-
ized by leptospiremia with hemolysis, ane-
mia, and death. There is little information on 
the species and serovars involved in fatal 
cases of leptospirosis in sheep. In Uruguay, 
sporadic outbreaks of acute fatal leptospirosis 
in lambs associated have been associated 
with L. interrogans serogroup Pomona 
serovar Kennewicki.5 L. kirschneri, the spe-
cies detected in the case described herein, has 
been identified as one of the dominant Lepto-
spira species (along with L. interrogans) as-
sociated with human leptospirosis in central 
Malaysia.7  

Regardless of the acting species, it is 
important to determine the serovars involved 
in outbreaks of leptospirosis and/or infecting 
animals and humans in different geographic 
regions, so that circulating serovars can be 
included in vaccines, considering that im-
munity is serovar specific. Unfortunately, the 
serovar involved in the ovine case presented 
here could not be identified as attempts to 
culture and isolate this labile and fastidious 
organism were unsuccessful. Of note, the 
serovar Kennewicki which has been isolated 
from sheep,5 cattle10 and humans6 in Uruguay 
is not included in the locally available com-
mercial vaccines for livestock.  
 

Liver, lamb. There is scattered strong granular to linear im-
munoreactivity for leptospiral antigen within Kupffer cells. 
(anti-Leptospira spp., 400X) (Photo courtesy of Instituto 
Nacional de Investigación Agropecuaria (INIA), La Estan-
zuela, Colonia 70006 
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Contributing Institution:  
Instituto Nacional de Investigación 
Agropecuaria (INIA), Route 50, Kilometer 
11, La Estanzuela, Colonia 70006, Uruguay. 
www.inia.uy 

 
JPC Diagnosis: 
Liver:  Hepatitis, necrotizing, acute, diffuse 
and centrilobular, moderate, with hepatocel-
lular disassociation. 

 
JPC Comment:  
The contributor provides an excellent sum-
mary of leptospirosis that weaves in some of 
the salient features of this case. Histologic 
changes were apparent even from low-magni-
fication and we agree with the contributor 
that the underlying pathogenesis is acute cen-
trilobular hepatitis that is probably aug-
mented by hypoxic effects. Although anemia 
is more of a clinical diagnosis than a histo-
logic one, we could not help but notice the 
paucity of erythrocytes within sinusoids that 
corresponds to the intravascular hemolysis 
characteristic of this agent. Dissociation (in-
dividualization) of hepatocytes was another 
important feature of this case which has been 
attributed to hepatic infectious with several 
species of Leptospira.11 These bacteria can 
infiltrate the space of Disse and cause disso-
ciation of hepatocytes through physical dis-
ruption and breakdown of intracellular  tight 
junctions. A second consequence of the loss 
of tight conjunctions is leakage of bile from 
the canaliculus – this is a form of intrahepatic 
cholestasis that lacks dilatation of bile cana-
liculi.11 In this case, the lack of bile plugs de-
spite systemic icterus fits with this interpreta-
tion.  

We also ran a Masson’s trichrome stain to 
evaluate liver structure and concurrent pa-
thology. We differed from the contributor in 

that we did not observe hepatic fibrosis, to in-
clude within centrilobular regions with 
hepatocyte loss. This argues against a pro-
longed event, to include secondary hypoxic 
changes and/or sinusoidal outflow obstruc-
tion (see Conference 12, Case 2 of this year 
for a relevant example). Finally, we debated 
the relevance of periportal cellular infiltrates. 
While some participants considered oval cell 
hyperplasia, the group consensus was for ex-
tramedullary hematopoiesis given the age of 
this animal and concurrent loss of erythro-
cytes necessitating demand. 

The lack of histologic renal changes in this 
young lamb likely reflected a very acute 
course of disease and an insufficient time 
course for bacteremia to bring the agent to 
the lumina of renal tubules via the renal vas-
culature. That stated, the positive qPCR re-
sult in the kidney is intriguing,  and we won-
der whether the detection of nucleic acid 
therein could reflect cross-contamination.  
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CASE III:  

Signalment:       
3-year-old, male, Merino X, Ovis aries, ovine 

History:  
Animal found dead two weeks after moved 
onto a paddock with a predominance of sour-
sobs (Oxalis cernua) in pasture. 
 
Gross Pathology:  
Post-mortem performed by referring veteri-
narian. Post mortem findings included heart 
petechial haemorrhages, leathery appearance 
of renal capsules and mild hepatomegaly.  

 
Microscopic Description:  
There is moderate multifocal predominantly 
cortical and less often medullary tubular loss, 
interstitial fibrosis and mild multifocal inter-
stitial infiltrates of lymphocytes and plasma 
cells. Remnant tubules are often lined by de-
generate, necrotic or attenuated epithelium. 
Bowman’s capsules and glomerular mesan-
gium are thickened by fibrosis, with frequent 
synechia and scattered obsolescent glomeru-
lar tufts. Tubules are frequently ectatic, ex-
panded up to 6 times normal diameter and 
filled with amorphous translucent eosino-
philic material (protein), occasional sloughed 
epithelial cells and clear-yellow to lightly ba-
sophilic refractile crystals. Crystals are com

 

Kidney, sheep:  A section of kidney is submitted for exami-
nation. (HE, 8X) 
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posed of radiating angular shards of variable 
size and shape and are birefringent under po-
larised light (calcium oxalate).  

 
Contributor’s Morphologic Diagnosis:  
Lymph nodes, spleen and liver: T-cell lym-
phoid hyperplasia, severe, diffuse 
Liver: Pericholangitis and perivasculitis, mild, 
multifocal, lymphoplasmacytic with erythro-
phagocytosis and extramedullary hematopoie-
sis 
 
Contributor’s Comment:  
Oxalate nephrosis is the outcome of exces-
sive calcium oxalate accumulation within re-
nal tubules, forming insoluble crystals and re-
sulting in tubular obstruction and acute renal 
failure.5 Tubular epithelial injury may also 
result from inflammation-mediated free-radi-
cal damage and interference with oxidative 
phosphorylation; however there is conjecture 
over the concentrations required to elicit 

these changes.5,12 Oxalate is the ionic form of 
oxalic acid and is derived from a number of 
sources.4  Endogenous production occurs in 
the liver via oxidation of glycolate to form 
glyoxalate or via the metabolism of hydroxy-
proline, a component of collagen. This is fol-
lowed by conversion to oxalate by the action 
of lactate dehydrogenase.4 Primary hyperox-
aluria (PH) is the predominant cause of oxa-
late toxicity in humans, caused by increased 
endogenous production due to defective en-
zyme activity.4 This may involve defects in 
alanine glyoxalate aminotransferase (PH1), 
glyoxalate/hydroxypyruvate reductase (PH2), 
or mitochondrial 4-hydroxy 2-oxoglutarate 
adolase (PH3).4 Primary hyperoxaluria is rare 
in domestic species, but has been reported in 
cats, dogs, and Beefmaster cattle, and is sus-
pected in Australian wildlife species Gilbert’s 
potoroo (Potorous gilbertii) and koalas 
(Phascolarctos cinereus).1,5,6,13 

Kidney, sheep:  Within the cortex, there is loss of tubules, marked interstitial fibrosis, mild lymphoplasmacytic inflammation, and 
various glomerular changes including variation in size, hypercellularity, and periglomerular fibrosis. (HE, 71X) 
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Secondary oxaluria predominates in domestic 
and non-domestic species, caused by in-
creased intestinal absorption or increased in-
take of oxalates or oxalate precursors such as 
ethylene glycol or ascorbic acid (vitamin 
C).1,4 In ruminants, oxalate toxicity is most 
commonly caused by ingestion of plants con-
taining soluble oxalates, usually in the form 
of sodium or potassium oxalate. 3,5,10 This in-
cludes a vast range of plant species but is 
most commonly reported following ingestion 
of Halogeton glomeratus (halogeton), Sarco-
batus vermiculatus (greasewood), Rheum 
rhaponticum (rhubarb), Oxalis spp. (sour-
sobs) and Rumex spp. (sorrel, dock), Portu-
laca oleracea (purslane), Chenopodium al-
bum (lamb’s quarter), Bassia hyssopifolia 
(bassia), Amaranthus spp. (pigweed), Salsola 
tragus (Russian thistle) and Beta vulgaris 
(sugar beets).3,5,10 Oxalate concentration in 
these plants is dependent on a number of fac-
tors and varies between species. Higher con-
centrations are found in leaves rather than 
stems and seeds, and young plants commonly 
have higher concentrations than aged 

plants.5,10 Concentration is also known to de-
crease as the plant dries; however, plants 
with extremely high concentrations may be 
potent enough to cause intoxication even af-
ter a dry summer.5,10  
 
After ingestion, soluble oxalates are rapidly 
absorbed from the gastrointestinal tract, re-
sulting in acute disease as soon as 2 hours 
post-ingestion.9 In plasma, oxalates complex 
with calcium, causing hypocalcemia and pre-
cipitation of calcium oxalate within renal tu-
bules and the vascular lumens of various tis-
sues, resulting in vascular necrosis, haemor-
rhage and acute renal failure.5,10 The kidneys 
are the most severely affected due to their 
primary role in oxalate excretion.9 Ruminants 
are more tolerant of ingested oxalates than 
monogastrics due to the action of ruminal mi-
crobes such as Oxalobacter formigenes, 
which degrade oxalate to produce carbon di-
oxide and formate.5,11  
 
Clinical signs of acute toxicity are caused 
largely by hypocalcemia and include ruminal 
stasis and subsequent bloat; twitching and 

Kidney, sheep:  Within the cortex, there is loss of tubules, marked interstitial fibrosis, mild lymphoplasmacytic inflammation, 
and various glomerular changes including variation in size, hypercellularity, and periglomerular fibrosis. (HE, 71X) 
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tetany which may progress to seizures; and 
weakness and bradycardia.9 Animals that sur-
vive acute hypocalcemia may succumb 
within a number of days to acute renal fail-
ure, characterised by anorexia, depression, 
weight loss and diarrhoea.9 Sheep are more 
commonly affected than cattle, however both 
species are equally susceptible under experi-
mental conditions, suggesting that differing 
grazing patterns may contribute to differ-
ences in natural susceptibility.5 The charac-
teristic clinical and pathological findings of 
acute oxalate intoxication in sheep include 
hypocalcemia, azotemia, and nephrosis asso-
ciated with precipitation of birefringent cal-
cium oxalate crystals in renal tubules.3,7,8 
 
Ruminal oxalate-degrading bacteria increase 
with gradual exposure to higher concentra-
tions of oxalate, allowing adapted animals to 
consume greater quantities.2,3,11 The develop-
ment of acute toxicity also varies depending 
on rate of consumption, the availability of 
water and other feed and the total amount 
consumed.10 Therefore, management relies 
on limiting availability of oxalate-containing 
plants and providing access to other feed 
sources.9 

 
Contributing Institution:  
Veterinary Diagnostic Laboratory, School of 
Animal and Veterinary Sciences, University 
of Adelaide Roseworthy Campus, Mudla 
Wirra Rd, Roseworthy SA, 5371, Australia 
https://www.adelaide.edu.au/vet/about-
us/pathology 

 
 
JPC Diagnosis: 
1.  Kidney:  Tubular degeneration, necrosis, 
and loss, diffuse, with proteinosis, tubu-
lorrhexis, and numerous oxalate crystals.  

2.  Kidney: Nephritis, interstitial, lympho-
plasmacytic, chronic, diffuse, moderate, with 
glomerular synechiae and periglomerular and 
interstitial fibrosis 

 
JPC Comment:   
This third case prompted intense discussion 
among participants. The contributor provides 
a outstanding histologic section to accom-
pany a quality summary of oxalate toxicosis. 
We homed in on the disparity between acute 
and chronic changes on the slide, aided by 
Masson’s trichrome, Jones methenamine sil-
ver, and PAS stains. We agree that the tubu-
lar changes, tubulorrhexis and leakage of the 
urinary filtrate into the interstitium, where it 
mimics edema fluid) reflect a primary pro-
cess of a subacute time course, though we 
could not agree that the chronic interstitial 
nephritis followed from this same tubular ob-
struction. Masson’s trichrome showed 
marked interstitial and periglomerular fibro-
sis that does not fit with the relatively short 
time course between introduction to pasture 
and death of this animal. To satisfy these 
concepts for this case, we created two sepa-
rate morphologic diagnoses and interpreted 
this case as superimposed acute renal failure 
on a background of chronic subclinical renal 
insult.  

 

Kidney, sheep:  Oxalate crystals are birefringent with po-
larized light. (HE 400X) 

https://www.adelaide.edu.au/vet/about-us/pathology
https://www.adelaide.edu.au/vet/about-us/pathology
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Some participants also commented on the 
possibility of calcium carbonate uroliths 
given that the morphology of some crystals 
did not completely fit with oxalates. Calcium 
carbonate uroliths are also common in rumi-
nants, particularly when calcium availability 
is high. Habituation of Oxalobacter in the ru-
men to oxalate-containing forage presents 
one such opportunity as breakdown of cal-
cium oxalate increases free calcium signifi-
cantly.11 It is also worth noting that oxalate 
crystals can also be a normal finding in the 
urine of ruminants, especially when concen-
trated.11 In the present case, there is clear as-
sociation with tubular changes to include tu-
bulorrhexis that is outlined clearly with JMS 
and PAS stains. 

There are other considerations for this case 
that were briefly entertained by the contribu-
tor already. Primary hyperoxaluria has been 
described in sheep breeds, to include the 
Zwartbles (a Dutch breed).14 The condition is 
autosomal recessive and involves a loss of 
function missense mutation in the gene en-
coding for alanine-glyoxylate aminotransfer-
ase (Type 1 hyperoxaluria). The associated 
nephropathy is severe and heterozygous 
sheep may still develop histologic changes 
within the kidney.14 That this animal was 
cross bred raises the possibility of a similar 
gene interaction. Finally, production of oxa-
lates by fungi such as Aspergillus remain an 
uncommon possibility. Nephrosis following 
ingestion of contaminated feed has been pre-
viously described.15 It is possible that this 
case reflects a multifactorial pathogenesis 
that leaves conference participants satisfied 
not matter their prevailing theory of the case. 
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CASE IV:  

Signalment:  
2-month-old, female, Toggenburg goat 
(Capra aegagrus hircus) 

 
 
 
 
 
 
 

History: 
Presented with clinical complaints of vomit-
ing and lethargy. Huge amount of fluid in per-
itoneal cavity (ascites). No abnormalities 

 
Lung and brainstem/cerebellum, goat:  There is diffuse ate-
lectasis and foci of hypercellularity in the lung at subgross 
magnification. (HE, 8X) 

found on echocardiac examination and blood  
examination. Laparascopy performed: suspi-
cion of encapsulating peritoneal sclerosis. 
Died at night. 
 
Gross Pathology:  
A 2-month-old female Toggenburg goat kid 
presented for nystagmus, incoordination, and 
inability to ambulate. Several days prior, this 
kid’s sibling was euthanized for similar se-
vere neurologic signs.  

Laboratory Results: 
Immunohistochemical staining for Caprine 
Arthritis and Encephalitis Virus was positive 
on brainstem and lung tissue (Michigan State 
University, Veterinary Diagnostic Labora-
tory).  

Aerobic culture grew few colonies Strepto-
coccus infantarius, Streptococcus equinus, 
and coagulase negative Staphylococcus spp. 
Mycoplasma spp. PCR was negative.  

(Ohio Department of Agriculture, Animal 
Disease Diagnostic Laboratory). 
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Lung, goat. There is marked BALT hyperplasia, and airway 
lumina contain a cellular infiltrate with abundant mucus.  
Alveoli are filled with brightly eosinophilic edema fluid and 
fibrin and a cellular exudate.   (HE, 43X) 

Microscopic Description:  
Brainstem and cerebellum: Regionally affect-
ing the brainstem white matter along the mid-
line is an area of neuropil loss and replace-
ment by numerous macrophages with foamy 
eosinophilic cytoplasm with eccentrically 
placed nuclei (gitter cells) and mild to moder-
ate numbers of reactive astrocytes, microglia, 
and admixed lymphocytes and fewer plasma 

cells. Myelin sheaths are frequently replaced 
by gitter cells and are rarely dilated with ei-
ther swollen hypereosinophilic axons (sphe-
roids) or macrophages (digestion chambers). 
Scattered throughout the affected region is 
abundant eosinophilic cellular debris. Vir-
chow Robin’s spaces are multifocally ex-
panded by numerous lymphocytes, histio-
cytes, and fewer plasma cells (perivascular 
cuffs).  

Lungs: Diffusely alveoli are filled with large 
amounts of eosinophilic amorphous proteina-

Lung, goat. There is marked BALT hyperplasia, and airway lumina contain a cellular infiltrate with abundant mucus.  Alveoli 
are filled with brightly eosinophilic edema fluid and fibrin and a cellular exudate.   (HE, 43X) 
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ceous fluid (alveolar proteinosis) and multi-
focal admixed foci of necrotic cellular and                  

 

Lung, goat.  Multifocally,  mononuclear cells demonstrate 
strong cytoplasmic immunolabeling for CAEV.   (anti-CAEV, 
400X) (Photo courtesy of The Ohio State University College 
of Veterinary Medicine, Department of Veterinary Biosci-
ences, https://vet.osu.edu 

nuclear karhyorrhectic debris. Multifocally, 
alveoli are lined by plump type II pneumo-
cytes (type II pneumocyte hyperplasia). Vari 
ably, alveolar septa are expanded by moder-
ate numbers of lymphocytes, histiocytes and  

fewer plasma cells. Bronchi and large bron 
chioles contain abundant degenerate neutro-
phils admixed with eosinophilic cellular and 
karyorrhectic debris and moderate amounts 
of basophilic mucin. Lymphoid tissue sur-
rounding bronchi and bronchioles is moder-
ately hyperplastic, with frequent prominent 
germinal centers.   

 
Contributor’s Morphologic Diagnosis:  
Brainstem: Severe, focally extensive, lym-
phohistiocytic leukoencephalitis with axonal 
degeneration and neuropil necrosis 

Lungs:   

a. Marked, diffuse, chronic, lymphohistio-
cytic interstitial pneumonia with type II 
pneumocyte hyperplasia and alveolar pro-
teinosis 

b. Moderate, multifocal, acute, suppurative 
bronchopneumonia 

 
Contributor’s Comment:  
Brainstem lesions, interstitial pneumonia, and 
immunohistochemistry results in this case are 
consistent with small ruminant lentivirus in-
fection (SRLV), or Caprine Arthritis and En-
cephalitis Virus (CAEV).  

 

CAEV is a lentivirus within the Retrovirus 
family. CAEV and Maedi-Visna virus (MV), 
also called Ovine Progressive Pneumonia, are 
together referred to as the small ruminant len-
tiviruses (SRLV).4 Previously CAE and MV 
were considered species-specific, with CAEV 
affecting goats and MV affecting sheep; 
however, several studies have documented 
cross-species and co-infections demonstrat-
ing both species are susceptible to each vi-
rus.1, 7 

 

Other prominent lentiviruses include Equine 
Infectious Anemia Virus, Bovine Immunode-
ficiency Virus, and Feline Immunodeficiency 
Virus in domestic species and Human Immu-
nodeficiency Virus in humans. In contrast to 
these other lentiviruses, SRLVs are unique in 

 

Brainstem, goat:  There are multifocal areas of profound 
inflammation and parenchymal necrosis within the brain-
stem along the midline subjacent to the 4th ventricle.  Ves-
sels in these areas are cuffed by lymphocytes and plasma 
cells.   (HE, 131X) 
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that they do not cause immunodeficiency in 
infected animals.3, 6 The mechanism by 
which SRLVs are able to evade the host im-
mune system despite an appropriate immune 
response is not fully understood. One pro-
posed mechanism is that tropism of SRLVs 
for monocytes, macrophages, and dendritic 
cells allows the virus to evade the host im-
mune system and disseminate systemically.6 
Once in target tissues, the virus can infect 
other cell types including microglia, endothe-
lial cells, fibroblasts, and epithelial cells, 
though replication is restricted in these cells.1, 

3, 5 These additional tissue targets, particu-
larly mammary epithelium, likely serve as 
important reservoirs of infection.1, 5 

Transmission primarily occurs through inges-
tion of milk/colostrum or inhalation of nasal 
secretions.3, 5 In utero transmission can occur 
infrequently in sheep and SRLVs have been 
detected in semen, though transmission via 
this route has not been documented.2, 3 In the 

present case, the dam of the affected goat kid 
tested positive for CAEV prior to pregnancy 
and the kid likely became infected following 
ingestion of colostrum and milk. This is fur-
ther supported by the reported similar clinical 
signs in the sibling of the present animal. 

Infection with SRLVs leads to slowly pro-
gressing, often subclinical, inflammatory dis-
ease.3 When clinical, four pathologic presen-
tations, either alone or in combination, are 
recognized: encephalomyelitis, interstitial 
pneumonia, arthritis, indurative mastitis. 
Which form is present is variable and de-
pends on various factors including species af-
fected and age of the animal. Adult sheep 
typically present with pneumonia and/or en-
cephalomyelitis while adult goats present 
with the arthritic form and goat kids present 
with the neurologic form.4, 5, 8  

 

Brainstem, goat.  Higher magnification of inflamed areas with chromatolytic swollen neurons, numerous Gitter cells and 
other glia, and  cuffs of lymhocytes around vessels.  (HE, 713X) 
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Brainstem, goat.  Multifocally mononuclear cells demon-
strate strong cytoplasmic immunolabeling for CAEV. (anti-
CAEV, 400X) (Photo courtesy of The Ohio State University 
College of Veterinary Medicine, Department of Veterinary 
Biosciences, https://vet.osu.edu 

As in the present case, the neurologic form in 
both sheep and goat kids is histologically 
characterized by lymphocytic and/or histio-
cytic demyelinating leukoencephalomyelitis 
frequently resulting clinically in progressive 
ataxia beginning in the hindlimbs.3 The res-
piratory form is histologically characterized 
by lymphohistiocytic interstitial pneumonia, 
lymphoid follicle proliferation, and alveolar 
septa that are thickened by interstitial fibrosis 
and smooth muscle hypertrophy.3, 8 In sheep, 
type II pneumocyte hyperplasia is uncom-
mon, while in goats it is frequently present.3 
Additionally alveoli can be filled with abun-
dant dense eosinophilic proteinaceous mate-
rial.3, 8 Electron micrographs of this fluid re-
veal numerous myelin figures consistent with 
surfactant.9 In human medical literature, this 
accumulation of surfactant is termed alveolar 
proteinosis and is considered secondary to 
functional disruptions of alveolar macro-
phages.10 There are a variety of documented 
causes of alveolar proteinosis in humans 
while in goats it has been described with 
CAEV as well as pulmonary adenomatosis.9, 

10 Therefore, alveolar proteinosis does not ap-

pear to be specific to CAEV but likely mani-
fests secondary to alveolar macrophage dys-
function during infection.     

The arthritic form, common in adult goats, is 
characterized by synovial villous hyperplasia 
with necrosis, mineralization, and fibrosis of 
the synovium with chronic infection.3 Fi-
nally, the mastitis form is frequently subclini-
cal and is a significant source of economic 
losses. It is frequently non-painful and in-
volves infiltration of the mammary interstit-
ium by lymphocytes, plasma cells, and mac-
rophages that with time progresses to fibro-
sis.3,5  

The concurrent suppurative bronchopneumo-
nia in this case is not typical for reported 
SRLV respiratory lesions. We suspect that 
this may represents a separate bacterial infec-
tion; multiple bacterial agents were cultured 
from the lung to support this hypothesis, but 
the weak growth of mixed bacteria makes it 
difficult to interpret whether this reflect true 
infection or contaminants. Mycoplasma spp. 
infection was also considered as an additional 
contributor, but PCR for this agent was nega-
tive. 

 
Contributing Institution: 
The Ohio State University College of Veteri-
nary Medicine 
Department of Veterinary Biosciences  
Anatomic Pathology Service 
1925 Coffey Road 
Columbus, OH 43210 
https://vet.osu.edu/departments-offices/bio-
sciences  

 
JPC Diagnosis: 
1. Lung:  Pneumonia, interstitial, lymphohis-
tiocytic, chronic, diffuse, marked, with 
peribronchiolar and perivascular lymphoid 

https://vet.osu.edu/departments-offices/biosciences
https://vet.osu.edu/departments-offices/biosciences
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hyperplasia, type II pneumocyte hyperplasia, 
and alveolar proteinosis. 
2.  Lung: Bronchopneumonia, suppurative, 
subacute, multifocal, moderate. 
3.  Brainstem:  Rhombencephalitis, necrotiz-
ing and lymphohistiocytic, subacute, focally 
extensive, severe, with gliosis.  

 
JPC Comment:   
The final case of this conference was descrip-
tively rewarding for participants. The pres-
ence of brain and lung on the same slide from 
a young animal prompted many to immedi-
ately favor small ruminant lentiviruses, 
though there were several features of this 
case that were perplexing given the age of 
this animal. Foremost, the degree of alveolar 
proteinosis is marked, reflecting significant 
dysfunction of pulmonary macrophages. 
Given that these viruses utilize monocyte 
precursors both as a reservoir and means of 
trafficking virus to naïve tissue macro-
phages,11 we considered whether this might 
reflect coinfection (CAEV and OPP) and/or a 
distinct viral subtype that is more virulent. In 
theory, only few monocyte precursors retain 
lentivirus (i.e. susceptible but not permissive 
to viral replication) and it should take time to 
develop histiocytic interstitial pneumonia.  

As the contributor notes, pneumonia is a 
more common finding in older animals (re-
flecting this notion) and is rarer in goats. It is 
likely that the goat kids in this case were sec-
ondarily infected with another agent that aug-
mented monocyte recruitment and subse-
quent tissue macrophage activation and cyto-
kine production that hampered surfactant 
handling.11 Notably, there is BALT hyper-
plasia present which is suggestive of Myco-
plasma infection (or at least marked antigen 
presentation) which aligns with bacterial cul-

ture results and the airway-specific histologi-
cal changes. For his reason, we separated this 
secondary bronchopneumonia out as a dis-
tinct morphologic diagnosis.  

Dr. Highland concluded the conference dis-
cussion reminding participants about chal-
lenges in testing for small ruminant lentivi-
ruses and emphasized that young animals 
with few infected monocytes may be sero-
negative or below detection limits of given 
assays. In larger goat herds and sheep flocks, 
the cost of serial testing presents a significant 
economic roadblock for controlling or eradi-
cating these diseases. 
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