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Abstract

Hepatic lesions in nondomestic felids are poorly characterized. The purpose of this study was to evaluate hepatic lesions in 90
captive, nondomestic felids including tigers, cougars, and lions. Hepatic lesions were histologically characterized as vacuolar
change (lipidosis or glycogenosis), biliary cysts, biliary hyperplasia, hepatitis, necrosis, neoplasia, fibrosis, veno-occlusive dis-
ease, cholestasis, hematoma, congestion, or hemorrhage. Stepwise logistic regression analyses were performed for vacuolar
change, benign biliary lesions, hepatitis, lipogranulomas, extramedullary hematopoiesis, and hepatic stellate cell hypertrophy
and hyperplasia, with species as the outcome variable. Ninety cats met the inclusion criteria. Seventy livers (78%) contained
| or more lesions. Hepatocellular vacuolar change (41/90 [46%]) was the most common lesion overall. Extramedullary hema-
topoiesis, lipogranulomas, and hepatic stellate cell hyperplasia were also common. One snow leopard had veno-occlusive dis-
ease. Tigers were more likely than other felids to have no significant hepatic histologic lesions (odds ratio [OR], 12.687; P =
.002), and lions were more likely to have biliary cysts (OR, 5.97; P = .021). Six animals (7%) died of hepatic disease: cholangio-
cellular carcinoma (n = 2) and | each of hepatic lipidosis, hepatocellular necrosis, pyogranulomatous hepatitis, and suppurative
cholecystitis. Hepatocellular iron and copper accumulations were present in 72 of 90 (80%) and 10 of 90 (I1%) sections,
respectively. Sinusoidal fibrosis was common (74/90 [82%]) and primarily centrilobular (65/74 [88%]). Hepatocellular iron, cop-
per, and fibrosis were not significantly associated with hepatic lesions. Primary hepatic disease was not a common cause of
death in nondomestic felids in this study.
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Previous reports of liver disease in nondomestic felids include
veno-occlusive disease in captive cheetahs and snow leo-
pards®*!%17:26 and telangiectasia, amyloidosis, lipomas, and
biliary cysts in cheetahs and lions.'"!>2° Gallbladder adeno-
carcinomas and hepatocellular carcinoma have been reported
in lions.'*?°

In domestic animals, iron and copper accumulation have
been linked to hepatic disease. Iron and copper are both potent
oxidants and can be toxic in high concentrations. As a result of
oxidative damage, excess hepatic iron and copper contribute to
ongoing hepatocyte loss, inflammation, and fibrosis.>' Copper
accumulation in the liver is recognized as a cause of hepatitis in
dogs, and breed predispositions have been described.®**
More recently, copper accumulation has been described as a
cause of hepatopathy in domestic cats.”'* A recent study of a
large group of domestic cats found no association between his-
tologic abnormalities and the presence or quantity of hepatic
iron.?” Studies of iron and copper accumulation in the liver
of snow leopards with veno-occlusive disease have been
performed;'” however, studies looking at hepatic iron and
copper accumulation in a large group of nondomestic felids
have not been performed.

This study describes postmortem histologic findings in liver
tissues of nondomestic felids. In addition, the presence and dis-
tribution of hepatic iron, copper, and fibrosis were evaluated
and correlated with other histologic abnormalities.

Materials and Methods

Autopsy records from the University of Tennessee Veterinary
Medical Center’s pathology service were searched for submis-
sions of nondomestic felids, older than 1 month, from January
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1989 through November 2011. All cats in this study had been
housed at a municipal zoo; a local large, nondomestic cat sanc-
tuary; or at the home of a private owner prior to their death.
Most of the animals were similarly housed in earth-floored
enclosures, and all were fed all-meat diets. Cases were included
in the study if paraffin-embedded liver tissues were available
for histologic examination and if severe hepatic autolysis was
absent. The age, body condition score (BCS), and cause of
death were recorded. The reason for death or euthanasia was
obtained from the medical record, autopsy request form, or
autopsy results.

Histologic Evaluation

Sections were obtained from tissue blocks and stained with
hematoxylin and eosin (HE), rubeanic acid, Perl’s Prussian
blue, and Masson’s trichrome using routine techniques.'*?*
Sections were prospectively evaluated by the primary investi-
gator (J.M.B.) and a board-certified pathologist (K.M.N.), who
were blinded to the animals’ medical histories and previous
histologic diagnoses. Slides receiving discordant diagnoses
were reviewed jointly to achieve consensus. Histologic lesions
were described using established criteria based on the HE-
stained slides.?***® The major hepatic findings were character-
ized as vacuolar change (lipidosis or glycogenosis), biliary
cysts, biliary hyperplasia, hepatitis, necrosis, neoplasia, fibro-
sis, veno-occlusive disease, cholestasis, hematoma, congestion,
or hemorrhage. Glycogen and lipid were differentiated based
on histologic appearance only. For lipid accumulation, glyco-
gen accumulation, and inflammation, the degree of change was
characterized as mild, moderate, or severe, based on the extent
of hepatic involvement. The primary zone of lipid and/or
glycogen accumulation and inflammation was also recorded.
Inflammatory lesions were further characterized by the predo-
minant cell type. Biliary hyperplasia was defined as portal
areas containing more than 2 biliary duct profiles.

Grading of Iron and Copper

Slides stained with Perl’s Prussian blue and rubeanic acid were
examined (J.M.B.) to determine the extent of iron and copper
accumulation, respectively. Barton’s semiquantitative histolo-
gic grading system for iron was modified to reflect the amount
of staining in each zone, not just the frequency of staining in
zones, as previously described.?” The amount and distribution
of Prussian blue staining was graded separately in the hepato-
cytes and sinusoids. Staining in the portal areas (connective
tissue) was not assessed. A modified copper grading system?’
was used for consistency with the previously described iron
grading system.

The amount of staining for each element was graded on a
scale of 0 to 3 (0 = no staining; 3 = frequent, dense staining).
The distribution of staining was categorized as centrilobular,
midzonal, periportal, or random based on the predominant
pattern. A designation of random included those specimens
where staining was diffuse.

Grading of Fibrosis

Slides stained with Masson’s trichrome were examined
(J.M.B.) to determine the extent of sinusoidal fibrosis. Fibrosis
was graded on scale of 0 to 3 (0 = none, 1 = focal, 2 = brid-
ging, 3 = bridging with architectural distortion or cirrhosis).'®
The distribution of fibrosis was categorized as described above
for hepatic copper and iron.?’

Data Analysis

Descriptive statistics were generated for age, BCS, and iron
score by species (cougar, lion, tiger, and other). Samples were
analyzed for normality by the Kolmogorov-Smirnov test. Out-
liers noted on box-and-whisker plots were double-checked to
rule out data entry errors. Associations between species and age
or BCS were assessed by analysis of variance (age) or the
Kruskal-Wallis test (BCS). Associations between species and
vacuolar change, benign biliary lesions, hepatitis, lipogranulo-
mas, extramedullary hematopoiesis, and hepatic stellate cell
hypertrophy and hyperplasia were assessed by stepwise multi-
nomial logistic regression analysis using species as the
outcome variable. The association between species and pres-
ence of a liver with no significant findings was evaluated in
a separate model because “no significant findings” is exclusive
of all other variables. For species represented by fewer than 12
animals, statistical analyses were not performed. Fisher exact
tests were performed to assess for association between hepato-
cellular iron score and the presence of no significant findings,
vacuolar change, benign biliary lesions, hepatitis, extramedul-
lary hematopoiesis, and hepatic stellate cell hypertrophy and
hyperplasia. A Fisher exact test was performed to assess for
an association between sinusoidal iron score and extramedul-
lary hematopoiesis. Stepwise logistic regression analysis was
performed to assess for an association between hepatocellular
iron score and species using iron score as the outcome variable.
No statistical evaluations were performed regarding copper
accumulation due to a low number of positive samples.

P values less than .05 were considered significant. For
significant associations, odds ratios (ORs) were generated.
Statistical analysis was performed using commercially avail-
able statistical software packages, including SPSS version 19
(SPSS, Inc, an IBM Company, Chicago, IL; SAS, Cary, NC).

Results

Liver sections were available from 90 nondomestic felids.
Species included 30 tigers (Panthera tigris), 17 cougars (Felis
concolor), 12 lions (Panthera leo), 8 leopards (Panthera par-
dus), 6 servals (Felis serval), 5 snow leopards (Panthera
uncia), 3 cheetahs (Acinonyx jubatus), 3 lynx (Felis lynx), 2
caracals (Felis caracal), 2 ocelots (Felis pardalis), 1 bobcat
(Felis rufus), and 1 clouded leopard (Felis nebulosa) (Suppl.
Tables S1-S4). There were 8 spayed females, 41 intact
females, 9 altered males, and 32 intact males. Known ages ran-
ged from 9 months to 22 years, with a mean age of 13.5 years.
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Their BCS ranged from 1 to 5, with a median BCS of 3/5. Age
and BCS were normally distributed for all species. There were
no significant differences in age or BCS by species. Thirty-one
cats (34%) died naturally, and 59 (66%) cats were euthanized.
Primary cause of death or euthanasia was categorized as renal
(25/90 [28%]); neoplastic (24 [27%]); infectious, including
bacterial, fungal, or viral (19 [21%]); neurologic (9 [10%]);
degenerative (6 [7%]); inflammatory (5 [6%]); and nonneo-
plastic hepatic (2 [2%]) disease.

Hepatic lesions, iron scores, copper scores, fibrosis scores,
and cause of death or euthanasia are summarized by species
in Supplemental Tables S1 to S4. Twenty livers (22%) had
no significant histologic findings; the remaining 70 livers
(78%) contained 1 or more histologic abnormality. No signifi-
cant associations were found between species and hepatitis or
extramedullary hematopoiesis.

Hepatocellular iron accumulation was predominantly cen-
trilobular (n = 37), although midzonal (n = 14), periportal
(n = 11), and random (n = 10) iron accumulation was also
present. The median hepatocellular iron score was 1. No sig-
nificant associations were found between hepatocellular iron
score and species or hepatic findings. Sinusoidal iron accumu-
lation within macrophages was common and predominantly
random (n = 37), although midzonal (n = 27), centrilobular
(n = 22), and periportal (n = 1) sinusoidal iron accumulation
was also present. The median sinusoidal iron score was 2. All
tigers had iron accumulation within sinusoids. No significant
association was found between sinusoidal iron score and
extramedullary hematopoiesis.

Hepatocellular copper accumulation was absent in most
animals. Copper distribution was random in 8 cases and peri-
portal in 2 cases.

Sinusoidal fibrosis was common. The median score was 2
with a range from 0 to 3. The predominant distribution was
centrilobular (n = 65), although midzonal (n = 5), periportal
(n = 2), and random (n = 2) distributions occurred. Fibrosis
was usually identified in Masson’s trichrome—stained sections
and was identified with HE staining in only 1 case (case No.
50, graded as 3 with Masson’s trichrome staining). In the
absence of other major findings, a fibrosis score of 1 was
considered insignificant.

Tigers

The mean age and median BCS for tigers were 13.5 years and
3. Sixteen of 30 tigers (53%) had hepatic lesions, and diagnoses
were lipidosis (8/30 [27%]), portal hepatitis (3 [10%]), meta-
static adenocarcinoma (3 [10%]), glycogen accumulation (2
[7%]), and 1 each of lymphoma (lymphosarcoma), hematoma,
hepatocellular adenoma, congestion, and biliary hyperplasia.
Two tigers had both lipidosis and glycogen accumulation (case
Nos. 20 and 30). Of the 8 cases with lipid accumulation, the
distribution was diffuse in 3 cases, random in 2, periportal in
2, and centrilobular in 1. No tiger with hepatic lipidosis died
as a result of hepatic disease. Portal hepatitis was observed
in 3 tigers: 2 had mild lymphocytic or lymphoplasmacytic

inflammation (case Nos. 22 and 23), and 1 (case No. 24) with
pulmonary histoplasmosis had moderate histiocytic inflamma-
tion, although no yeasts were identified in the liver.

Cause of death was attributed to hepatic disease in 1 tiger
(case No. 13) with suppurative cholecystitis (Fig. 1) and celluli-
tis. Biliary culture isolated more than 1000 colonies of Escher-
ichia coli and Trueperella pyogenes (formerly Actinomyces
and Arcanobacterium pyogenes), while more than 1000 colonies
of Clostridium sp and a variety of other Gram-positive rods and
cocci were isolated from the cervical abscess. Both infections
contributed to the decision to euthanize that animal.

Mammary adenocarcinomas metastasized to the liver in 3
tigers (case Nos. 25, 26, and 27; Fig. 2) and to other organs but
not the liver in 2 cases (case Nos. 5 and 7). Hepatocellular ade-
noma was identified in a tiger that died of blastomycosis (case
No. 30). Lymphoma effaced the liver in 1 tiger (case No. 28).

Tigers were significantly more likely than other species to
have no significant findings (OR, 12.8; P = .002). Tigers were
significantly less likely than other species to have vacuolar
change (OR, 0.19; P = .005) or hepatic stellate cell hypertro-
phy and hyperplasia (OR, 0.21; P = .016).

Cougars

The mean age and median BCS for cougars were 13.3 years and
3. Thirteen of 17 cougars (76%) had a hepatic lesion, and
diagnoses were hepatic lipidosis (6/17 [35%]) (Fig. 3), portal
hepatitis (4 [24%]), biliary hyperplasia (3 [18%)]), biliary cysts
(2 [12%]), and 1 each of multifocal random hepatitis, telangiec-
tasia, hepatic necrosis, and cholestasis. Of the 6 cases with lipid
accumulation, lipid distribution was diffuse in 3 cases, random
in 2, and centrilobular in 1. There was no glycogen accumula-
tion in any cougar. Portal hepatitis was mildly (case Nos. 39
and 41) to moderately (case Nos. 42 and 43) lymphoplasmacy-
tic in all cases (Fig. 4).

Cause of death was attributed to hepatic disease in 2 cougars
(case Nos. 39 and 45). In 1 obese cougar, severe hepatic lipido-
sis was the cause of death (case No. 39; Fig. 3). Pyogranuloma-
tous hepatitis, in addition to peritonitis and sepsis, was the
cause of death in another cougar (case No. 45; Fig. 5); Yersinia
pseudotuberculosis was isolated on antemortem cultures.

Case No. 40 also had severe hepatic lipidosis; however,
death was attributed to bacterial bronchopneumonia. Hepato-
cellular necrosis was identified in 1 cougar that died due to
uterine adenocarcinoma and had an incidental pheochromocy-
toma (case No. 47). Mild biliary hyperplasia was the only
hepatic lesion in 1 case (case No. 44). One cougar (case No.
47) had histologic evidence of cholestasis.

Cougars were more likely than other species to have lipogra-
nulomas (OR, 14.73; P = .002) and less likely to have hepatic
stellate cell hypertrophy and hyperplasia (OR, 0.071; P = .002).

Lions

Mean age and median BCS for lions were 15.3 years and 2. All
12 lions had at least 1 hepatic lesion. Diagnoses included
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Figure 1. Liver; tiger, case No. |3. Suppurative cholecystitis; Trueperella pyogenes and Escherichia coli were isolated from cultures of purulent
exudate. Figure 2. Liver; tiger, case No. 26. Mammary adenocarcinoma metastatic to the liver and lung. Figure 3. Liver; cougar, case No. 39.
Severe diffuse hepatic lipidosis. Hematoxylin and eosin (HE). Figure 4. Liver; cougar, case No. 43. Moderate lymphoplasmacytic portal hepatitis.
HE. Figure 5. Liver; cougar, case No. 45. Pyogranulomatous hepatitis; Yersinia pseudotuberculosis was isolated from the lesions. Figure 6. Liver;
lion, case No. 54. Biliary cysts lined by flattened simple cuboidal epithelium. HE.

lipidosis (8 [67%)), biliary cysts (7 [58%]) (Fig. 6), metastatic ~ diffuse in 3 cases, random in 2, centrilobular in 2, and midzonal
carcinoma (2 [17%]), and 1 each of fibrosis and portal hepatitis. in 1. The 1 case (case No. 56) with portal hepatitis was mild and
Of the 8 cases with lipid accumulation, the distribution was lymphocytic.

Downloaded from vet.sagepub.com at UNIV OF TENNESSEE on May 6, 2014


http://vet.sagepub.com/

Bernard et al

b

INE B

Ly
L L
@

S
‘éf” 44
:féf

e
s T
s

e B

3. Ty
P

5}9..&?
*"‘&ﬁ? Fole
- N

Figure 7. Liver; leopard, case No. 64. Multifocal biliary cysts. Most cases with multifocal biliary cysts were observed in lions. Figure 8. Liver;
leopard, case No. 67. Cholangiocellular carcinoma. Hematoxylin and eosin (HE). Figure 9. Liver; serval, case No. 73. Multifocal random
coagulative hepatocellular necrosis; etiology unknown, suspect sepsis. HE. Figure 10. Liver; snow leopard, case No. 78. Veno-occlusive disease
and severe hepatic glycogen accumulation. Inset: Subendothelial fibrosis surrounding central vein. Masson’s trichrome.

No lions died of hepatic disease. One lion with mild hepatic
lipidosis died of lymphoma (case No. 53); however, there was
no histologic evidence of hepatic involvement of the neoplasm.

Lions were significantly more likely than other species to
have benign cystic biliary lesions (OR, 5.97; P = .021).

Other Nondomestic Felids

Hepatic lipidosis was common in other nondomestic felids,
occurring in leopards (2/8 [25%]), servals (5/6 [83%]), snow
leopards (3/5 [60%]), cheetah (2/3 [68%]), lynx (2/3 [68%]),
and a bobcat (1/1 [100%]). Other hepatic lesions were biliary
cysts (n = 5) (Fig. 7), glycogen accumulation (n = 6), portal
hepatitis (n = 4), cholangiocellular carcinoma (n = 2) (Fig. 8),
necrosis (n = 2) (Fig. 9), biliary hyperplasia (n = 2), tel-
angiectasia (n = 2), hemangiosarcoma (n = 1), veno-
occlusive disease (n = 1) (Fig. 10), hemorrhage (n = 1),
and osteosarcoma (n = 1). Extramedullary hematopoiesis,

lipogranulomas, and hepatic stellate cell hypertrophy and
hyperplasia were observed in 20, 19, and 24 other animals,
respectively.

Cause of death was attributed to hepatic disease in 1 serval
that had severe coagulative hepatocellular necrosis with sepsis
(case No. 73; Fig. 9). Cause of euthanasia was attributed to cho-
langiocellular carcinoma in 2 leopards (case Nos. 66 and 67).
Both these animals also had biliary cystic lesions.

One serval (case No. 72) had severe hepatic lipidosis; how-
ever, the cause of euthanasia was renal disease. Mild portal
hepatitis was present in 1 leopard, serval, ocelot, and clouded
leopard each. Portal hepatitis was lymphoplasmacytic in the
leopard, serval, and clouded leopard and lymphocytic in the
ocelot. There was a single case of a metastatic hemangiosar-
coma in a snow leopard (case No. 77). The snow leopard (case
No. 78) was the only case of veno-occlusive disease in this
study. This animal also had severe glycogen accumulation
(Fig. 10) and telangiectasia.
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Discussion

This study indicates that primary hepatic disease in nondomes-
tic cats is uncommon. In only 6 of 90 animals was hepatic
disease related to cause of death.

In this study, vacuolar change was common, occurring in
46% of felids. Vacuolar change was characterized as microve-
sicular as is typical of lipid in 33 cases, feathery as is typical of
glycogen in 4 cases, and a mixture of both in 4 cases. Hepato-
cellular swelling or vacuolar change from lipid or glycogen
accumulation is a common and nonspecific finding.*® Most
cases of lipid accumulation were mild and consistent with
increased peripheral mobilization of lipid rather than hepato-
cellular degeneration. Severe hepatic lipidosis was present in
3 cases and was considered the cause of death in 1 obese
cougar. That cat was hypothesized to have experienced idio-
pathic hepatic lipidosis due to anorexia, excessive peripheral
mobilization of free fatty acids, and hepatic dysfunction with
icterus, as has been described in domestic cats. To our knowl-
edge, hepatic lipidosis has not been reported as a cause of death
in nondomestic cats. Idiopathic hepatic lipidosis is likely a
phenomenon of captivity and secondary obesity.

Glycogen accumulation was present in 8 cases. Changes
were moderate to severe in 3 leopards and 1 snow leopard. All
other cases had mild accumulation, which occurred in a variety
of species. A leopard and snow leopard with glycogen accumu-
lation received steroids within 1 month of autopsy. The other 6
cases with glycogen accumulation did not have histories of
steroid administration, endocrine disease, or glycogen storage
disorders. Other possible causes of glycogen accumulation in
this series may include a meal immediately prior to death,
causing glycogen to be stored in hepatocytes.

There are 3 recent case reports of biliary cysts in lions.
In 1 case report, renal cysts were also present, and a mutation of
the PKDI gene, similar to domestic cats, was suspected but
could not be identified.? In our study, lions were 6 times more
likely to have cystic biliary lesions than were other nondomes-
tic felids. Six of 7 cystic lesions in lions were multifocal, and
adult-type polycystic disease (von Meyenburg complexes) was
suspected. However, in the lions in this study, renal cysts were
not identified. In the current study, only 1 of the 14 felids with
biliary cysts had concurrent renal cysts (a cougar; data not
shown). We are unable to determine if biliary cysts were
present since birth in any case and therefore might represent
a juvenile onset of disease.

Despite several studies describing the spontaneous occur-
rence of veno-occlusive disease in cheetahs and snow leo-
pards,>'>172 only 1 snow leopard in our study had this
lesion. The cause for the lower incidence in our study is
unknown and may be related to genetic factors or the fewer
numbers of cheetahs and snow leopards in our population.
Veno-occlusive disease was reported to be the primary cause
of death in 5 of 52 captive cheetahs in South Africa'® and 9 of
31 captive cheetahs in North America; however, in the North
America study, 82% of deceased cheetahs had mild evidence
of veno-occlusive disease whether or not it was the primary

2,11,29

cause of death.'” In a study of 54 snow leopards, 42 had evi-
dence of veno-occlusive disease.'’

In our study, there was no association between age and
lipogranulomas. However, there was a significant species asso-
ciation. Cougars were 14.7 times more likely to have lipogra-
nulomas than other nondomestic felids. The reason for the
apparent predisposition is unclear, because most cougars lack
concurrent lesions that might result in increased hepatocyte
turnover. One affected cougar had pyogranulomatous hepatitis
and another had multifocal necrosis, but lipogranulomas were
also present in many other animals with no evidence of
hepatocellular loss.

Hepatic stellate cell hypertrophy and hyperplasia commonly
occur in older cats, and one known cause in domestic cats is
chronic vitamin A intoxication.”® In our study, there was no age
association with hepatic stellate cell hypertrophy and hyperpla-
sia, but there was a significant negative association between
species and hepatic stellate cell hypertrophy and hyperplasia.
Tigers were 5 times less likely and cougars were more than
10 times less likely than other nondomestic felids to have hepa-
tic stellate cell hypertrophy and hyperplasia. In a study of snow
leopards with veno-occlusive disease, there was a trend of
increased hepatic stellate cell hypertrophy and hyperplasia with
age, but an association between hepatic stellate cell prolifera-
tion and fibrosis could not be identified."”

The only primary hepatic malignancies in our study were 2
intrahepatic cholangiocellular carcinomas, both in leopards. A
cholangiocellular carcinoma has been reported in a margay,'
and 2 gallbladder adenocarcinomas have been reported in
lions.?® Lombard and Witte reported 3 carcinomas of the
biliary tree in captive felidae.'® There were no hepatocellular
carcinomas in our study; however, there was 1 hepatocellular
adenoma in a tiger. Hepatocellular carcinomas have been
reported in a lion'” and a tiger.*

Similar to domestic species, metastatic neoplasms were
more common in the liver in this study than were primary
hepatic neoplasms.”® Mammary adenocarcinoma was the most
common neoplasm to metastasize to the liver (4 cases). Melen-
gestrol acetate exposure has been linked to mammary tumors in
captive nondomestic felids.” Lymphoma was the cause of death
in 4 animals in this study; however, it metastasized to the liver
in only 1 tiger. Lymphoma with hepatic involvement has been
reported in a lion that had concurrent obstructive biliary disease
due to gallstones.' Harrison et al reported the spleen as the most
common primary site of lymphoma in 11 lions.® Six cases in
that study had hepatic metastases, and the predominant immu-
nophenotype was CD3 positive. Other metastatic neoplasms in
this study included hemangiosarcoma, pancreatic exocrine car-
cinoma, and osteosarcoma, and all had widespread metastasis.

Seventy-two of 90 Prussian blue-stained livers (80%) had
hepatocellular iron accumulation, and 87 of 90 had iron accu-
mulation within Kupffer cells (97%). This is higher than 1
study in snow leopards with veno-occlusive disease in which
65% of livers had iron accumulation in Kupffer cells or hepa-
tocytes.'” The high prevalence of iron in this study may indi-
cate that accumulation of iron in nondomestic felid
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hepatocytes is normal, as has been previously suggested for
domestic felids.?” Iron accumulation was not associated with
lesions or with particular species.

Copper accumulation was uncommon in our study (11%)
but had a similar prevalence as was reported in domestic cats®’
and snow leopards with veno-occlusive disease.'” The 1 case
with veno-occlusive disease in our study did not have copper
accumulation. In dogs, copper accumulation usually begins in
centrilobular regions and is associated with hepatocellular loss
and fibrosis.”® In our study, copper accumulation tended to be
random and not associated with any lesion. In 2 sections, a
periportal distribution occurred, which is the predominant dis-
tribution observed in secondary copper accumulation in dogs.

Limitations of this study included the absence of clinico-
pathological data, hepatic and biliary cultures, and quantitative
hepatic iron and copper analyses. The retrospective nature of the
study limited the amount of tissue for additional tests. Routine
veterinary care in our population could also lead to underestima-
tion of hepatic disease due to a positive response to treatments
and nonfatal outcomes of many hepatic diseases in cats.

Liver disease was not a common cause of death in our
population of nondomestic felids. This study confirms a signif-
icantly increased occurrence of biliary cystic lesions in lions
compared with other nondomestic felids. In addition, for
unknown reasons, significant liver lesions in tigers were less
frequent than for other species. Similar to previous reports in
domestic cats, iron accumulation was common in nondomestic
felids, and there was no relationship between lesion or species
and hepatocellular iron or copper accumulation, or sinusoidal
fibrosis.

Acknowledgements

We thank Ann Reed for her assistance with statistical analyses, Misty
Bailey for a critical review of the manuscript, Anik Vasington for
assistance with the digital images, and the staff and curators of the
Knoxville Zoo and Tiger Haven for their help with the animals as well
as with organizing the data.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: Funding for
this project was provided by the University of Tennessee Department
of Small Animal Clinical Sciences Companion Animal Fund and the
University of Tennessee Center of Excellence in Livestock Diseases
and Human Health.

References

1. Douglass EM. Lymphosarcoma and blockage of the biliary duct
in an African lion (Panthera leo). Vet Med Small Anim Clin.
1979;74(11):1637-1641.

10.

11.

12.

13.

15.

16.

17.

18.

20.

. Gerhauser I, Philipp U, Distl O, et al. Multiple cyst formation in

the liver and kidneys of a lion (Panthera leo): a case of polycystic
kidney disease? Eur J Wildl Res. 2009;55(4):433—437.

. Gosselin SJ, Loudy DL, Tarr MJ, et al. Veno-occlusive disease

of the liver in captive cheetah. Ver Pathol. 1988;25(1):48-57.

. Gosselin SJ, Setchell KDR, Harrington GW, et al. Nutritional

considerations in the pathogenesis of hepatic veno-occlusive
disease in captive cheetahs. Zoo Biol. 1989;8(4):339-347.

. Harrenstein LA, Munson L, Seal US. Mammary cancer in captive

wild felids and risk factors for its development: a retrospective
study of the clinical behavior of 31 cases. J Zoo Wildl Med.
1996;27(4):468—-476.

. Harrison TM, McKnight CA, Sikarskie JG, et al. Malignant lym-

phoma in African lions (Panthera leo). Vet Pathol. 2010;47(5):
952-957.

. Haynes JS, Wade PR. Hepatopathy associated with excessive

hepatic copper in a Siamese cat. Vet Pathol. 1995;32(4):427-429.

. Hoffman G. Copper-associated liver diseases. Vet Clin North Am

Small Anim Pract. 2009;39(3):489-511.

. Hoffman G, van den Ingh TS, Bode P, et al. Copper-associated

chronic hepatitis in Labrador Retrievers. J Vet Intern Med.
2006;20(4):856-861.

Lombard LS, Witte EJ. Frequency and types of tumors in mam-
mals and birds of the Philadelphia Zoological Garden. Cancer
Res. 1959;19(2):127-141.

Lucena RB, Fighera RA, Barros CSL. Peribiliary cysts in an Afri-
can lion. Pesq Vet Bras. 2011;31(2):165-168.

Luna LG. Methods for pigments and minerals. In: Luna LG, ed.
Manual of Histologic Staining Methods of the Armed Forces Insti-
tute of Pathology. 3rd ed. New York, NY: McGraw-Hill; 1968:
174-188.

McClure HM, Chang J, Golarz MN. Cholangiocarcinoma in a
margay (Felis wiedii). Vet Pathol. 1977;14(5):510-512.

. Meertens NM, Bokhove CA, van den Ingh TS. Copper-associated

chronic hepatitis and cirrhosis in a European shorthair cat. Vet
Pathol. 2005;42(1):97-100.

Munson L. Diseases of captive cheetahs (Acinonyx jubatus):
results of the cheetah research council pathology survey 1989—
1992. Zoo Biol. 1993;12(1):105-124.

Munson L, Nesbit JW, Meltzer DGA, et al. Diseases of cap-
tive cheetahs (Acinonyx jubatus jubatus) in South Africa: a
20-year retrospective survey. J Zoo Wildl Med. 1999;30(3):
342-347.

Munson L, Worley MB. Veno-occlusive disease in snow leopards
(Panthera uncia) from zoological parks. Vet Pathol. 1991;28(1):
37-45.

Poldervaart JH, Favier RP, Penning LC, et al. Primary hepatitis in
dogs: a retrospective review (2002-2006). J Vet Intern Med.
2009;23(1):72-80.

. Ramirez GA, Baiieres A, Suarez-Bonnet A, et al. Pathology in

practice: hepatocellular carcinoma with secondary inflammation.
J Am Vet Med Assoc. 2010;236(7):739-741.

Sakai H, Yanai T, Yonemaru K, et al. Gallbladder adenocarcino-
mas in two captive African lions (Panthera leo). J Zoo Wildl Med.
2003;34(3):302-306.

Downloaded from vet.sagepub.com at UNIV OF TENNESSEE on May 6, 2014


http://vet.sagepub.com/

Veterinary Pathology

21.

22.

23.

24.

25.

Schultheiss PC, Bedwell CL, Hamar DW, et al. Canine liver iron,
copper, and zinc concentrations and association with histologic
lesions. J Vet Diagn Invest. 2002;14(5):396—402.

Smith RE, Boardman W, Turnbull PC. Hepatoma in a Bengal
tiger. J Am Vet Med Assoc. 1971;159(5):617-619.

Stalker MJ, Hayes MA. Liver and biliary system. In: Maxie MG,
ed. Jubb, Kennedy, and Palmer’s Pathology of Domestic Ani-
mals. 5th ed, vol 2. Philadelphia, PA: Elsevier Saunders; 2007:
297-388.

Thompson SW, Hunt RD. Selected Histochemical and Histopatho-
logical Methods. Springfield, IL: Charles C Thomas; 1966:576-614.
Thornburg LP. A perspective on copper and liver disease in the
dog. J Vet Diagn Invest. 2000;12(2):101-110.

26.

27.

28.

29.

van den Ingh TS, Zwart P, Heldstab A. Veno-occlusive disease
(VOD) of the liver in cheetahs and snow leopards. Schweiz Arch
Teirheilkd. 1981;123(6):323-327.

Whittemore JC, Newkirk KM, Reel DM, et al. Hepatic copper and
iron accumulation and histologic findings in 104 feline liver
biopsies. J Vet Diagn Invest. 2012;24(4):656—661.

World Small Animal Veterinary Association. Standards for
Clinical and Histologic Diagnosis of Canine and Feline Liver
Diseases. Philadelphia, PA: Saunders Elsevier; 2006.

Yu CH, Kim KT, Hwang DN, et al. Peribiliary cysts associ-
ated with severe liver disease: a previously unrecognized
tumor in a lion (Panthera leo). J Vet Diagn Invest. 2007;
19(6):709-712.

Downloaded from vet.sagepub.com at UNIV OF TENNESSEE on May 6, 2014


http://vet.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


