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Abstract: The possible role of viruses in feline liver disease has long remained neglected. However,
in 2018, an analogue of human hepatitis B virus was identified in cats. Moreover, antibodies for
human hepatitis E have been detected consistently at various prevalence rates in cats. Although the
correlation between these viruses and the liver injury in cats must be clarified, hepatotropic viruses
might represent an increasing risk for feline and public health.
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1. Introduction

The liver plays a central homeostatic role within the body, being involved in several
metabolic pathways. In addition to metabolic functions, the liver is the site of synthesis
of albumin and the majority of clotting factors. The liver functional position, between
the gastrointestinal tract and the systemic circulation, is accounted for by its key role in
digestion, detoxification, and immune surveillance. All of the features of liver function
have an important impact on the clinical presentation of animals with liver disease [1]. The
early clinical signs typically observed in liver disease include intermittent fever, anorexia,
polyuria/polydipsia, vomiting, diarrhea, lethargy, weight loss, and abdominal pain, all of
which are nonspecific signs. More specific clinical signs, such as jaundice or ascites, tend to
occur later in the disease process [1,2].

In general, the liver enzymes, as alanine aminotransferase (ALT), aspartate amino-
transferase (AST) alkaline phosphatase (ALP) and gamma-glutamyl transferase (GGT), are
sensitive indicators of liver disease or injury but are not specific and do not offer any precise
indication of liver functionality [1,3]. In cats, even a small increase in ALT is considered an
indicator of liver injury, due to the limited serum half-life of ALT, and an increase in AST
could imply significant liver injury, due to its mitochondrial localization [3].

Along with hepatotropic viruses primarily associated with hepatitis (hepatitis A to
E) and regarded as the major agents of hepatitis, in humans a number of other viruses
can replicate in the hepatic tissues and cause hepatitis secondarily after systemic infection,
including herpesviruses (cytomegalovirus, Epstein-Barr virus, human herpesvirus 6),
parvovirus B19 and picornaviruses [4]. Likewise, in cats several infectious agents may
affect the liver either primarily or in course of systemic infection. Although infections by
common bacteria are probably the most common cause of infectious hepatitis in cats, other
potential microorganisms, including mycobacteria, viruses, fungi, protozoa, parasites, and
rickettsiae can cause liver injury [2].

Viruses associated with liver impairment include feline leukemia virus (FeLV), feline
infectious peritonitis virus (FIPV) and hypervirulent feline calicivirus strains associated
with virulent systemic disease (FCV-VSD) [2,5]. FeLV, a retrovirus of the genus Gammaretro-
virus, replicates in several feline tissues, with the clinical illness being generally related to
the involvement of hematopoietic and immune systems. FeLV has been also associated
with icterus and various inflammatory and degenerative liver diseases including focal
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liver necrosis [6–9]. FIPV is a hypervirulent feline coronavirus that results from genomic
RNA mutations triggering the ability to enter and replicate in macrophages [10,11]. An
immune mediated vasculitis occurs if the virus is not eliminated. Affected cats developed
signs related to the target organ lesions (kidney, liver, central nervous system, intestine)
or due to fluid redistribution. Abnormal liver enzymes can occur because of hepatitis,
hepatic lipidosis, or prehepatic sequalae of vasculitis, erythrocyte destruction, and hy-
poxia. Hyperbilirubinemia is common and usually secondary to vasculitis in the liver [12].
Histopathology is required for definitive diagnosis but it can be supported by history,
physical examination, and laboratory findings [12].

FCV-VSD, which includes highly virulent variants of FCV, can have mortality rates
of up to 67% in adult cats [5,13]. Primarily identified in shelter or cattery populations,
these FCV variants cause profound fever, anorexia, marked subcutaneous edema (limbs
and face especially), jaundice, alopecia, crusting and ulceration of the nose, lips, ears and
feet [13–15]. Adult cats are most severely affected. Individual hepatocyte necrosis ranging
to centrilobular, or more extensive necrosis is associated with neutrophilic inflammatory
foci and intrasinusoidal fibrin deposits [16].

Recently, the presence of hepatotropic viruses, belonging to the viral families Hep-
adnaviridae and Hepeviridae has been reported in cats either directly or indirectly. This
has raised interests in human and veterinary research since hepadnaviruses and hepe-
viruseses are well established human pathogens. The aim of this review is to provide a
general overview of emerging hepatotropic viruses in cats, in order to draw the attention
of veterinary clinicians, microbiologists, and public health officials to these viruses that
could be relevant for feline medicine and public health.

2. Domestic Cat Hepadnavirus (DCH)

Domestic cat hepadnavirus (DCH) (genus Orthohepadnavirus, family Hepadnaviridae),
recently identified in cats, is a small (42–50 nm in diameter), partially double-stranded,
circular, DNA virus, belonging to the same family as human hepatitis B virus (HBV),
a major human pathogen, which leads to chronic infections with increased risk of liver
disease, including cirrhosis and hepatocellular carcinoma (HCC) [17–19]. DCH has a
genome of approximately 3.2 kb of DNA, which similar to other hepadnaviruses, has four
overlapping open reading frames (ORFs) encoding for the polymerase (L), surface (S),
core (C) and X proteins. Genome sequences derived from DCH-positive domestic cats in
Australia [18], Italy [20], and Malaysia [21], show 97.0–98.3% nucleotide similarity to each
other. Recently a putative DCH recombinant strain was found in Thailand, suggesting a
possible role of recombination in DCH evolution [22].

DCH was first identified in 2018, in Australia, from a transcriptomic study that aimed
to analyze alterations in gene expression in a seven-year-old male neutered domestic
shorthair cat, presenting with vomiting and weight loss, and diagnosed with multicentric
large B cell lymphoma and concomitant infection with feline immunodeficiency virus
(FIV) [18].

Subsequent screenings with molecular assays (degenerate PCR and real time PCR),
carried out by independent research groups around the world, have revealed positivity
rates of 6.5% (six in 54) in Australia [18], 10.8% (42 in 390) in Italy [20], 12.4% (26 in 209)
in Thailand [22], and 12.3% (31 in 253) in Malaya [21] in whole blood and serum samples.
Moreover, DCH DNA has been detected in liver tissue [21,23], with a higher positivity rate
(14%; 13 in 84) than in blood/serum [21]. The formation and maturation of DCH particles
in the nucleus and/or cytoplasm of infected hepatocytes suggests that hepatocytes are the
initial localization of the virus as described in HBV infection [22].

DCH has been associated with feline retroviruses [18,20–22], since DCH prevalence
is higher in FIV co-infected cats [21]. Since feline retroviruses cause impairment of the
immune system [7,8], the detection of DCH in cats with retroviral infection could be related
to the immunocompromised status, as observed for HBV [24,25]. The transmission of
HBV in humans occurs through blood and other body fluids, including serum, saliva,
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and semen, and transmission can also occur during sexual contacts and by maternal/fetal
route [17,26]. Transmission of FIV/FeLV in cats occurs with similar modalities, as the virus
is present in blood and body fluids [7–9]. Since DCH can be detected in serum and whole
blood samples [18,20–22], similar modalities of transmission might also be hypothesized
for DCH transmission [20,26]. However, in a longitudinal observational study in two cats
naturally co-infected with DCH and feline retroviruses, oral, conjunctival, preputial, and
rectal swabs repeatedly tested negative to DCH [26]. Other risk factors for DCH infection
are still unclear. Cats older than two years have an approximately two-fold higher risk of
DCH infection than younger cats [21]. In contrast, breed and gender are not risk factors for
DCH infection, although male cats displayed higher prevalence rates than females [20,21].
Further investigations on the possible association of DCH with others risk factors is needed
to elucidate the epidemiology of this virus.

A correlation has been observed between DCH infection and suspected clinical signs of
liver injury [20,26]. Cats with DCH vireamia are likely to have elevated ALT values [20,21].
Cats with hematochemical profile suggestive of liver injury have approximately 3-fold
higher odds to be DCH positive than cats with haematochemical parameters within phys-
iological ranges [21]. This finding indirectly supported the possible role of DCH in the
development of feline liver disease, similar to HBV infection in humans [17]. Chronic HBV
infection can trigger immune-mediated chronic hepatitis that is characterized by necro-
sis, regeneration, and fibrosis, progressing to cirrhosis and HCC [27]. The pathogenesis
of HBV-associated hepatopathies and the interaction between HBV and the diverse risk
factors has not been completely understood [17]. Chronic hepatitis and HCC may also
occur in domestic cats, and are usually considered idiopathic in this species [28]. In an
international, multicenter investigation carried out in collaboration with feline medicine
specialists from USA, UK, Australia, and New Zealand, the possible role of DCH in chronic
hepatitis and HCC has been investigated. The histopathologic features of inflammation
and neoplasia, as well as the viral distribution on in situ hybridization (ISH), were strik-
ingly similar to those seen in HBV-associated disease [23]. Several microscopic features
that are consistent with, but not pathognomonic for, human HBV-associated hepatitis,
including “piecemeal” necrosis, apoptotic bodies, and sinusoidal inflammation [29], have
been identified in cases of DCH-associated chronic hepatitis but not in DCH-negative
hepatitis. Similarly, DCH-associated HCC shares features with hepatopathies caused by
HBV and/or woodchuck hepatitis virus (an orthohepadnavirus of Marmota monax), in-
cluding regions of vacuolar change and individual hepatocellular necrosis. In HCC cases,
hepatocyte proliferation in DCH-positive liver areas was greater than in DCH-negative
areas. This finding is also described for HBV, since hepatocyte proliferation driven by
the host immune response contributes to hepatocyte transformation in HBV-associated
HCC [30]. Accordingly, HBV-associated HCC usually arises from a background of chronic
inflammation and cirrhosis [31].

Chronic hepatitis has been reported to occur with a frequency of 2.4% of all feline liver
biopsies [28]. Primary hepatic neoplasm is estimated to represent 1–2.9% of all cancers [32].
Biliary carcinomas and HCC have been reported with a frequency of 17% and 27% of all
feline liver malignancies [28]. In a multicentric study, HCC was the most common primary
epithelial tumor, with a frequency of 54%, whereas DCH viremia has been detected in over
10% of the general cat population [23].

Evidence for hepadnavirus replication in cells other than hepatocytes comes from
studies carried out in ducks infected with duck hepatitis B virus (DHBV) and woodchucks
chronically infected with orthohepadnaviruses [17].

Although in patients with HBV chronic hepatitis, HBV has been identified in various
cell types [17,33–35], HBV replication seems restricted to the liver tissues. Viral entry in the
hepatocellular cells is mediated by the NTCP receptor [36–38].

In infected cats, DCH has been identified in the liver and in various extra-hepatic
tissues and cells [22]. DCH infection has been revealed in cats with glomerulonephritis
in the renal and vascular endothelial cells, and the authors speculated on the possible
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association between DCH and glomerulo-nephropathy, assuming that kidney tissues are
permissive for DHC replication, as hypothesized in HBV infection [22]. Moreover, DCH
antigens have been identified in neuron and neuroglia cells, suggesting the ability of DCH
to cross the blood brain barrier and replicate in the nervous tissues [22]. Overall, the active
replication of DCH in extrahepatic tissues remains to be demonstrated.

Prospective studies are necessary to establish the geographical distribution and evolu-
tion of this HBV-like virus in cats, as well as its pathobiology and possible involvement in
the progression of liver disease from inflammation to neoplasm.

3. Hepatis E Virus (HEV)

Hepatis E virus (HEV) (Hepeviridae family) one of the five majors human hepa-
totropic viruses [39], is a small (27-34 nm), non-enveloped virus with an icosahedral capsid.
The HEV genome is a single-stranded, positive-sense, polyadenylated RNA molecule of
approximately 7.2 kb in length, excluding the poly (A) tail [40,41]. The genome contains
three open reading frames (ORFs), a 5’-methylguanine cap and 3’ poly (A) stretch, as well
as two 5’ (27 to 35 nucleotides) and 3’ (67 nucleotides) untranslated regions (UTRs) [40–43].
Hepeviruses are classified into two genera, namely Piscihepevirus and Orthohepevirus. The
latter includes the species Orthohepevirus A, B, C, and D. The species Orthohepevirus A
(HEV-A) comprises eight genotypes that infect human (Gt 1, 2, 3, 4, and 7) and animals (Gt
3, 4, 5, 6, 7, 8). Orthohepevirus B consists of avian viruses and is divided into four proposed
subtypes (I–IV). Orthohepevirus C (HEV-C) includes two genotypes mainly detected in rats
(HEV-C1) and carnivores (HEV-C2) [41]. Although the zoonotic potential of HEV-C is still
under debate, clinical cases of persistent hepatitis in a liver transplant patient in Hong
Kong and of severe acute hepatitis in an immunocompetent patient in Canada have been
related to infection with HEV-C of rodents [44,45]. Furthermore, an additional seven cases
of human infection with rodent-derived HEV-C have been reported in Hong Kong [44].
Orthohepevirus D strains have been detected in different bat species [46,47].

Humans are the natural host of Gts 1 and 2, whilst the other Gts are zoonotic. The
clinical forms range from asymptomatic infections to mild-to-moderate liver dysfunction
and to fulminant hepatitis [48–50]. Persistent hepatitis E can develop in immunocom-
promised individuals, which can progress to liver cirrhosis if left untreated [51,52]. The
HEV-A transmission pathways include the fecal-oral route with zoonotic foodborne origin,
person-to-person, blood transfusion, solid organ transplantation, nosocomial, vertical, and
direct zoonotic transmission [53]. Currently, pigs, wild boars, and deer are recognized as
the main HEV-A reservoirs for human infection [54–56], and the consumption of raw or
undercooked pork meat and liver has been recognized as the common source of infection
in developed countries [57,58].

Serological and molecular screening have documented HEV infection in several other
animal species providing new insights into the epidemiology of hepatitis E [55]. Anti-
HEV-A antibodies have been detected in several animal species other than swine, such as
rodents, cows, sheep, goats and dogs and cats [59–62]. Although anti-HEV-A globulins
and HEV-A RNA have been detected in wild and domestic carnivores [61–64], it is unclear
if dogs and cats may develop clinical illness after infection with HEV-A or transmit the
virus to the human host [61–70]. The large differences in the diagnostic methods used
for the identification of HEV-A infection and the size and planification of the surveillance
studies in the various animal hosts make difficult to compare the data. Indeed, in several
studies, only HEV-A-specific antibodies were detected, whilst virus RNA was not iden-
tified [61–64,67,68,70–72]. Moreover, eventual cross-antigenic reactivity between HEV-A
and non-HEV-A viruses in the serological investigations were not ruled out.

Cats were first suggested to be a potential source of HEV infection for humans in 2003,
in Japan, following a sporadic acute case of hepatitis E in a 47-year-old man whose pet cat
tested positive serologically to HEV [71]. A serosurvey performed in cats from five major
metropolitan areas of China during 2012–2013 reported an overall HEV seroprevalence of
6.28% (12 in 191) [63]. By molecular and serological surveillance conducted over a five-year



Viruses 2021, 13, 1162 5 of 8

period (from 2000 to 2004) in cats and dogs in Japan, a seroprevalence for HEV-A of 1.9%
was observed in cats [62]. In contrast, in another Japanese study, the seroprevalence of
HEV-A in cats was as high as 33% [61].

Serological studies in cats in Europe have revealed prevalence rates of 3.1% (10 in 324)
in Italy [72], 11.0% (six in 54) in Spain [68], 14.9% (seven in 47) in The Netherlands [70] and
32.3% (21 in 65) in Germany [64]. These findings indicate that HEV-like viruses circulate in
the feline population worldwide. However, since only antibodies have been detected so
far, the exact nature of these serological positivities remains to be investigated. Moreover,
it remains to be clarified if HEV-like viruses are commonly harbored in cats or they are
incidentally transmitted from other mammals acting as HEV reservoirs for cats.

Currently, there is no evidence for acute and chronic liver injury in cats being correlated
to the presence of HEV antibodies or HEV RNA. Risk factors for HEV infection in cats could
be represented by feline lifestyle and dietary habit conditions. A much higher positive
rate has been reported in pet cats (17.6%, six in 34) consuming food waste than in cats
fed on commercial food (3.8%, six in 157) [63]. A possible source of infection for domestic
and wild carnivores could be represented by the ingestion of animals recognized as HEV
reservoirs, such as rats, although further investigation is needed to confirm this hypothesis.

Evidence for the transmission of Gt3 and 4 by direct contact of humans with animals
has been repeatedly described, although in most cases the clinical consequences are not
clear. Several studies have shown that persons with occupational contact to domestic pigs
such as slaughterers, pig farmers or veterinarians exhibit significantly higher anti-HEV
antibody prevalence than the control population [73–76]. However, whether pet veterinari-
ans and pet owners are at higher risk of HEV exposure has not been determined [69,76,77].
Moreover, the discovery of the zoonotic potential of HEV-C [44,45] increases the interest for
HEV-like viruses, making it necessary to better understand the ecology of these zoonotic
viruses. Likewise, further studies are needed to assess the risks to public health presented
by human contact with domestic cats.

4. Conclusions

In cats, several infectious agents including viruses can affect the liver primarily or
secondarily during the course of systemic infection. In addition, novel hepatotropic viruses,
i.e., DCH and HEV, related or similar to viruses causing liver injury in the human host,
have been detected or suspected. Considering the popularity of cats as companion animals,
the potential impact of DCH and HEV on feline and public health could pose challenges for
the global veterinary community. For instance, the possibility of long-term (chronic) DCH
infections in cats may have implications for transfusion medicine, requiring an update of
the diagnostic algorithms used to ensure the safety of blood donors.
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