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The body of a one-year-old female domestic short-haired

cat was submitted for post-mortem evaluation with a his-

tory of severe hepatic failure characterized by jaundice,

vomiting and diarrhoea. The animal was euthanized as

requested by the owner due to its poor clinical condition.

At necropsy, external mucosae and subcutaneous tis-

sues were overtly jaundiced. The liver was enlarged and

diffusely pale, and showed a grey lobular pattern. On cut

section, biliary ducts were dilated up to 3 mm, with thick-

ened wall, and creamy yellow content (Figure 1). The

gallbladder was white coloured and markedly distended,

and contained yellow-white catarrhal material. The pan-

creas was hardened and showed scattered 1�2 mm nod-

ules. Other organs examined grossly were unremarkable.

The creamy material within bile ducts was collected and

smeared onto glass slides for cytological examinations after

May�Gr€unwald�Giemsa staining. Tissue samples were

collected from the liver and main organs, fixed in 10% neu-

tral buffered formalin, embedded in paraffin wax, sectioned

at 4 mm and stained with haematoxylin and eosin.

Cytologically, the examined samples were highly cel-

lular and displayed several columnar cells with pale blue

cytoplasm and oval nuclei (bile duct epithelial cells). Blue

ovoid 3-mm inclusions were evident within the cytoplasm

of these cells, either individual or in roundish aggregates,

and were morphologically consistent with coccidian para-

sites belonging the Eucoccidiorida order (e.g., Isospora

spp., Eimeria spp., Toxoplasma gondii) (Figure 2).

Histological examination of the liver showed a severe

subacute eosinophilic cholangitis, with marked hyperpla-

sia of the biliary epithelium, moderate to marked peripor-

tal fibrosis and biliary duct ectasia. Cellular inclusions

consistent with those observed at cytology were present in

the luminal portion of bile duct cells (Figure 3). A mild

lymphocytic infiltrate (periportal chronic hepatitis) was

also evident in the liver parenchyma surrounding portal

tracts. Accessory findings were chronic interstitial pancre-

atitis with marked periductal lymphocytic infiltrate, nec-

rotizing pneumonia and diffuse alveolar oedema.

Protozoal inclusions were not evident in tissues other than

biliary tree.

Formalin-fixed liver samples were post-fixed in 1%

osmium tetroxide, stained with uranyl-acetate and lead

citrate, plastic embedded and sectioned at 60�90 nm for

transmission electron microscopy. This confirmed intra-

cellular protozoan parasites within parasitophorous

vacuoles in the cytoplasm of biliary cells (Figure 4).

In an attempt to characterize the parasites at the

molecular level, a nested-PCR approach targeting the

internal transcribed spacer 1 region of T. gondii was

applied. Genomic DNA was purified from a stained

cytological smear by using a commercial kit following

manufacturer’s instructions (NucleoSpin Tissue, Mak-

erey Nagel, Carlo Erba Reagents, Milan, Italy). The

outer primers (Toxoout 1 50 GATTTGCATTCAA-

GAAGCGTGATAGTA 30; Toxoout 250 AGTTTAG-

GAAGCAATCTGAAAGCACATC 30) were described

in a previous study (Jauregui et al. 2001) while the inner

primers (Toxoin 150 GGTATTATTGCCTTCTTCATG

30; Toxoin 2 50 TCAGTATCCCAACAGAGAC 30) were
designed by using a specific software (Beacon Designer

V3, Biorad, Milan, Italy). An amplicon was evidenced

in both PCR rounds. The first-round PCR product was

then forward- and reverse-sequenced using a commercial

kit (Big Bye Terminator v.1.1, Life Technologies, Milan,

Italy) and then electrophoresed on an automated

sequencer. The nucleotide sequence displayed a 100%

homology with T. gondii sequence available in a public

database (Genbank, http://www.ncbi.nlm.nih.gov/

genbank/).

This case report describes the histological and

cytological findings of a hyperplastic cholangitis associ-

ated to a biliary coccidiosis in a naturally T. gondii-

infected cat.

Domestic and wild cats represent the definitive hosts

of T. gondii, a widespread obligate coccidian parasite of

zoonotic importance, due to the large range of intermedi-

ate hosts, which also include human (Dabritz & Conrad

2010; Torrey & Yolken 2013). Infection of both interme-

diate and definitive hosts occurs either by oral ingestion

of sporulated oocysts from the environment or of meat

harbouring tissue cysts, or by transplacental infection

(Dubey 2009). The enteroepithelial life cycle occurs only

in the intestine of felids, where T. gondii undergoes sexual

reproduction (also known as gametogony) resulting in

millions of environmentally resistant oocysts. The
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extraintestinal development of T. gondii is the same for all

hosts, including cats. Indeed, after the ingestion of

oocysts, sporozoites enter intestinal cells and divide into

two by an asexual process known as endodyogeny,

thereby becoming tachyzoites. Tachyzoites disseminate in

blood or lymph during active infection, multiply into dif-

ferent cells of the host and eventually encyst in different

tissues, including the liver (Dubey & Carpenter 1993).

Toxoplasmosis is most severe in neonatal cats, whilst the

infection in adult animals is typically subclinical (Dubey

& Lappin 2006). However, interstitial pneumonia, necro-

tizing hepatitis, splenitis, lymphadenitis, ophthalmitis,

myocarditis and encephalitis are the main pathologic fea-

tures in clinically infected animals (Dubey & Jones 2008).

In immunocompetent adult animals, the infection is

mainly subclinical, but in cats with immunosuppression

induced by drugs as cyclosporine (Bernsteen et al. 1999),

hypercortisolism (Spada et al. 2010) or infection with ret-

rovirus (Davidson et al. 1993), the infection could be

severe and generalized. A limitation of this case report is

that no information was available on history and immune

status of the cat that could explain an unusual pathological

presentation of Toxoplasma infection.

According to the World Small Animal Veterinarian

Association (WSAVA), cholangitis is one of the most

important hepatobiliary diseases in cats. Four main forms

of cholangitis are defined in cats: neutrophilic, lympho-

cytic, destructive and chronic cholangitis associated with

liver fluke infestation (van den Ingh et al. 2006). In gen-

eral, cholangitis is not considered a common cause of

death in cats; mortality increased especially when concur-

rent diseases occur (Callahan Clark et al. 2011). Biliary

coccidiosis represents an uncommon event in veterinary

pathology, apart from hepatic coccidiosis of rabbits

caused by Eimeria stiedae, a common and well-character-

ized disease (Hobbs & Twigg 1998). Other species in

which biliary coccidiosis has been reported include ferret

(Williams 1996), dog (Lipscomb et al. 1989), goat (Oruc

2007) and mink (Davis et al. 1953). Smart et al. (1973)

reported the history of a one-year old male Siamese cat

with generalized toxoplasmosis and chronic pancreatitis,

cholangitis, splenitis, pneumonia and focal hepatic necro-

sis, where protozoa were histologically evident in bile

Figure 1. Section of a feline liver with Toxoplasma gondii
cholangitis. Note the marked dilatation of bile ducts (arrows).
Bar D 2 cm.

Figure 2. Cytology of bile duct content from a cat with Toxo-
plasma gondii cholangitis. Columnar bile duct cells exhibit dark
blue cytoplasmic inclusions at different developmental stages,
consistent with a coccidian parasite (arrows). May�Gr€unwald
�Giemsa stain; bar D 20 mm.

Figure 3. Histological view of Toxoplasma gondii cholangitis
in a cat. Note the marked hyperplasia of the biliary epithelium
and dilatation of bile ducts with a predominant eosinophilic exu-
date; moderate periportal fibrosis; bar D 100 mm. Inset: bile duct
cells frequently contained T. gondii inclusions (arrows). H&E
stain; bar D 30 mm.

Figure 4. Transmission electron micrograph of feline liver.
Intracytoplasmic unicellular parasites within parasitophorous
vacuoles. Bar D 2 mm.
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duct epithelial cells, but also in liver parenchyma, pan-

creas, spleen and kidneys. Neufeld and Brandt (1974)

described a case of feline cholangiohepatitis due to an

unidentified protozoan parasite resembling either Isospora

spp. or T. gondii, although a definite diagnosis was not

achieved. Dubey et al. (1990) characterized the histologi-

cal features of a Toxoplasma-induced hepatitis; multifocal

areas of necrosis of hepatocytes, haemorrhage and inflam-

matory infiltration represented the main findings and T.

gondii inclusions were observed both outside and within

the hepatocytes, as well as in the pancreas, splenic reticu-

loendothelial and intestinal epithelial cells. The coccidian-

like inclusions herein described were observed in this case

at cytological examination of the liver smears; the organ-

isms appeared sometimes as individual ovoid structures,

deep blue coloured, consistent with meronts, other as

roundish aggregates morphological similar to tachizoytes

usually observed in the lungs of T. gondii-infected cats

(Gardiner et al. 1998). The cytoplasmic inclusions within

biliary cells were also evident histologically, and were

ultrastructurally identical to those previously described

for T. gondii (Ferguson & Hutchison 1987). As these

structures were difficult to distinguish morphologically

from the other coccidian parasites, definitive diagnosis of

toxoplasmosis was achieved through molecular assays.

Liver involvement has been largely documented in

naturally T. gondii-infected cats and it is predominantly

characterized by hepatic inflammatory infiltration and

necrosis which may extend from focal to confluent areas

of necrosis; in severe cases, panlobular involvement could

be observed (van den Ingh et al. 2006). Interestingly,

necrosis was not observed in the liver of the cat herein

examined, whilst inflammatory infiltrate localization was

considered peculiar, being mostly gathered near biliary

ducts; thus, inflammatory involvement of the liver may be

secondary to T. gondii-induced cholangitis. Conversely,

pulmonary lesions herein observed did not differ from

those reported in literature (i.e., multifocal necrotizing

pneumonia with infiltrates of macrophages and neutro-

phils), although T. gondii organisms were not evident in

lung lesions.

Conclusion

To the authors’ knowledge, T. gondii inclusions within

biliary epithelial cells have been suspected but never con-

firmed in cats, being difficult to structurally distinguish

them from other coccidian parasites. In this case report,

biomolecular assay confirmed T. gondii infection enabling

to conclude that biliary coccidiosis caused by T. gondii

may occasionally occur in cats with histological features

of cholangiohepatitis which differ from those previously

reported.
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