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A stray female domestic shorthair cat, approximately three years of age, presenting with
biochemical and clinical evidence of liver dysfunction, was confirmed to be infected with
domestic cat hepadnavirus (DCH). Integration of molecular testing and antibody profiling
suggested a chronic infection phase, as [gM anti-core antibodies—commonly linked to acute
Hepatitis B Virus (HBV) cases—were undetectable. In contrast, IgG anti-core antibodies were
identified, consistent with chronic HBV infections in humans. The absence of anti-DCH

Introduction

Domestic cat hepadnavirus (DCH), first identified in 2018, shows close evolutionary kinship to human Hepatitis
B Virus (HBV). Its genome, roughly 3.2 kilobases long, consists of circular, partially double-stranded DNA [1].
Research across Asia, Australia, the United States, and Europe reports DCH detection in 0.2—18% of cat samples
[2—7]. Still, these rates likely underrepresent their true prevalence, as anti-DCH core antibodies (anti-DCHc) have
appeared in nearly one-quarter of tested felines [8]. The biological behavior and disease mechanisms of DCH
remain unclear, though it has been proposed as a factor in feline hepatic disorders. Pathological lesions compatible
with chronic inflammation and tumor formation—similar to HBV-induced changes—have been documented in
DCH-positive cats diagnosed with persistent hepatitis or hepatocellular carcinoma (HCC) [9]. Moreover, an
association between hepatic enzyme abnormalities and DCH DNA presence has been reported [2—4, 6, 10-17].
DCH DNA has also been found in serum and both inflammatory and non-inflammatory peritoneal fluids, even
when absent in liver biopsies from infected cats showing hematologic and biochemical irregularities [5]. Some
infected cats exhibit viremia with either normal or slightly raised liver enzyme activity [18]. Age over two years
and concurrent feline retroviral infection are recognized as additional risk elements for DCH circulation [3, 6, 8,
10, 17]. HBV infection in humans shows variable progression—from mild acute cases to long-term chronic
hepatitis [19]. Diagnostic evaluation typically includes antigen and antibody detection, along with viral DNA
quantification and blood parameter analysis [19, 20]. A similar diagnostic model may be advantageous for DCH.
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This report presents a clinical case of DCH infection in a cat with liver disease, confirmed by both molecular and
serologic methods, and includes complete viral genome sequencing.

Case description

In March 2021, a three-year-old female stray domestic short-haired (DSH) cat was brought to a veterinary clinic
for lethargy, inappetence, and weakness. The physical exam showed a normal body temperature (38 °C), pale
mucosa, jaundice, and weight reduction. A diagnostic baseline was established through complete blood count,
biochemical profile, urinalysis, and retrovirus screening using a point-of-care immunochromatographic assay
(SNAP FIV/FeLV Combo Test, IDEXX). Serum chemistry revealed elevated alkaline phosphatase (ALP; 160
IU/L; reference 14—62), gamma-glutamyl transferase (GGT; 6.2 IU/L; reference 0.0—1.0), total bilirubin (4.42
mg/dL; reference 0.14-0.25), globulins (5.5 g/dL; reference 2.9—4.3), y-globulin (33.6%; reference 15.0-28.0),
and amylase (1755 IU/L; reference 648—1262). Meanwhile, cholesterol (91 mg/dL; reference 112—194), total iron
(24 ng/dL; reference 55—-152), and saturation (6.8%; reference 20—53) were decreased. The hematologic analysis
indicated leukocytosis (WBC 46.7 x 10%/uL; normal 5.5-12 x 10°/uL) and anemia (RBC 3.51 x 10%pL; normal
6.0-9.5 x 10%uL). Retrovirus testing was negative. Over four follow-up evaluations (April, October, November
2021, and February 2022), the animal persistently exhibited elevated ALP, GGT, bilirubin, and WBC levels, along
with ongoing anemia and leukocytosis. Aspartate aminotransferase (AST) and alanine aminotransferase (ALT)
values exceeded reference limits at two and three points, respectively (Table 1).

Table 1. Hematologic and biochemical data of the patient. Abnormal values are marked in bold.
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Abbreviations: RBC—red blood cells; WBC—white blood cells; PLT—platelets; CPK—creatine phosphokinase; AST—aspartate
transaminase; ALT—alanine transaminase; ALP—alkaline phosphatase; GGT—gamma-glutamyl transferase; [lU—International Unit; L—
Liter; mg—milligram; pL—microliter; mL—milliliter; DCH—domestic cat hepadnavirus; Neg.—negative; Pos.—positive; NT—not tested.

Abdominal ultrasound scans performed in March, April, and November 2021 (Figure 1) revealed findings
consistent with chronic hepatopathy and gallbladder irregularities with mild bile stasis.
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Figure 1. Diagnostic workflow stages.

A liver biopsy sample obtained in November 2021 was preserved in 10% neutral buffered formalin, processed
into paraffin blocks, and stained with hematoxylin and eosin. Microscopically, the tissue exhibited moderate
fibrosis in nearly all portal tracts, accompanied by mild lymphoplasmacytic infiltration and ductular hyperplasia—
features indicative of mild chronic periportal hepatitis (Figure 2a). No microbial organisms were detected.
Quantitative PCR (qPCR) testing [10] performed on the biopsy and two serum samples (collected in November
2021 and February 2022) detected DCH DNA solely in the liver specimen, with an estimated viral load of 2.9 x
10! DNA copies/mL.
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Figure 2. (a) Mild chronic periportal hepatitis with ductular proliferation (H&E, 400x); (b) focal cytoplasmic
immunolabeling using DCH immunohistochemistry (400x).

When all three samples were retested using a qualitative PCR method [1], both the liver tissue and the serum
obtained in November 2021 yielded positive results, while the February 2022 serum sample—collected roughly
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three months after the first diagnosis—was negative for DCH. None of the analyzed materials contained nucleic
acids from feline calicivirus, herpesvirus type 1, parvovirus (panleukopenia), coronavirus, or retroviruses,
excluding the possibility of concurrent infections [21-26]. Immunohistochemical (IHC) evaluation of the liver
biopsy, conducted with a rabbit polyclonal antibody targeting the HBV core antigen (HBcAg) (Thermo Fisher
Scientific, Waltham, MA, USA) following previous methodologies [11, 12], demonstrated localized strong
cytoplasmic reactivity (Figure 2b), supporting the presence of DCH core antigen (DCHcAg).

To further characterize the DCH isolate, viral DNA from the liver sample was amplified through rolling circle
amplification (RCA) using a TempliPhi kit with RCA primers. A 1 pg aliquot (1:100 dilution) of the purified
RCA product was subsequently used as input for library construction with the Ligation Sequencing Kit 1D SQK-
LSK110 (ONT™, Oxford, UK) and sequenced using the MinlON platform (Oxford Nanopore Technologies™).
Genome assembly was performed in Geneious Prime v2021.2 (Biomatters Ltd., Auckland, New Zealand). The
DCH genome was aligned with sequences retrieved from GenBank (NCBI) in May 2023 using the Geneious
Alignment tool. Substitution models and evolutionary parameters for phylogenetic and selective pressure analyses
were determined in MEGA X v10.0.5 [27]. The phylogenetic tree was reconstructed using the Maximum
Likelihood method with the Tamura—Nei model (four parameters), incorporating a discrete gamma distribution,
six invariable site categories, and 1000 bootstrap replications [28].

To evaluate the serological immune response, serum samples from November 2021 and February 2022 were tested
by two in-house ELISAs, one targeting recombinant DCH core antigen (DCHcAg) and the other DCH surface
antigen (DCHsAg) [8, 29]. Only IgG antibodies against DCHcAg were identified; both sera tested negative for
IgM anti-DCHcAg and IgG anti-DCHsAg. No serum collected before November 2021 was available for
retrospective viral or antibody testing. The cat was found deceased in May 2022 without visible traumatic injuries,
and no necropsy could be conducted.

Results and Discussion

Since the first description of DCH in 2018, extensive research has aimed to clarify its distribution and pathogenic
role in feline hepatic disease [1-4, 8—18]. Numerous reports have linked DCH infection with clinical symptoms
and biochemical indicators of liver injury [2—4, 6, 10—17]. Cats carrying DCH frequently present elevated ALT
levels [10, 15]. Furthermore, animals showing biochemical evidence of hepatic dysfunction are estimated to be
three times more likely to test positive for DCH compared to cats with normal profiles [15]. Collectively, these
data indicate that DCH may contribute to the onset or progression of feline hepatic disorders. Based on the clinical
findings, diagnostic imaging, lab data, and virological analyses, the present case was defined as a chronic
periportal hepatitis linked to DCH infection. The increase in ALT, ALP, GGT, bile acids, and bilirubin, along
with leukogram changes, was compatible with lymphocytic cholangiohepatitis [30]. Histopathology confirmed
moderate fibrosis, mild lymphoplasmacytic infiltration, and ductular hyperplasia within nearly all portal regions,
consistent with periportal chronic hepatitis [31, 32].

A retrospective study analyzing 71 feline liver biopsies identified a high rate of DCH in chronic hepatitis (43%)
and hepatocellular carcinoma (28%), compared to histologically normal livers [9]. In DCH-positive chronic
hepatitis cases, inflammation was predominantly lymphocytic at periportal zones and portal-lobular interfaces,
with plasma cells interspersed through sinusoidal spaces. Neutrophils were rare and typically confined to necrotic
foci or single-cell lesions. Fibrosis was unevenly distributed, extending through portal areas and affecting adjacent
sinusoids [9]. More recently, Thai investigators reported a significant correlation between DCH presence and
hepatic parenchymal disease (HPD), characterized by dense fibrotic bands bridging portal regions and extensive
lymphoplasmacytic infiltration [11, 12].

In this case, IHC revealed cytoplasmic labeling for DCH that appeared multifocal and diffuse in hepatocytes and
bile duct epithelial cells near inflamed or fibrotic areas. These findings align with those from the Thai study [12],
which demonstrated DCH localization using polyclonal antibodies against HBcAg. In human HBV infections,
immunohistochemical profiles for HBsAg and HBcAg correspond to viral replication activity and viral load, but
this relationship is not yet established in cats. Consequently, the feline IHC results should be interpreted with
caution due to unverified variability.

Interestingly, DCH DNA was detected in both liver and serum samples from November 2021, yet absent from the
February 2022 serum, suggesting potential viral clearance or low-level persistence. In HBV-infected humans,
similar phenomena occur in inactive carrier states or HBeAg-negative chronic hepatitis, often linked to genomic
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mutations that render viral DNA minimally or non-detectable in blood [19, 33]. The cat in this case exhibited IgG
anti-DCHcAg—a hallmark of chronic infection in HBV cases—but lacked anti-DCHsAg seroconversion, which
in HBV typically signifies protective immunity and recovery [19, 33]. Both sera were also negative for IgM anti-
core, excluding an acute or early infection phase. Integrating the serologic and molecular findings, the infection
in this animal was best interpreted as chronic DCH infection.

The complete viral genome was 3185 bp in length and was submitted to GenBank (accession number OR389995)
(Figure 3).

Clade AL

ITAJ2021/665
3185bp
Genotype A
Clade A2
Genotype 8
a) b)

Figure 3. (a) Phylogenetic tree derived from full-length genomes of domestic cat hepadnavirus, including the
isolate from this investigation (marked with a red square) and additional sequences retrieved from
international databases. The robustness of branching was tested through 1000 bootstrap iterations, and only
bootstrap scores above 75% are indicated. Genotypes a and b are labeled, with internal divisions A1 and A2
specified within genotype A. The scale bar denotes substitutions per nucleotide site. (b) Schematic layout of
the DCH genome.

When examined across the entire genome, the DCH variant demonstrated a nucleotide similarity ranging
between 97% and 98% with other Italian isolates [8, 10, 18]. In the phylogenetic reconstruction (Figure 3), the
full sequence of strain ITA/2021/665 grouped with Malaysian, Thai, Australian, European, and North American
isolates under genotype A. This particular strain was positioned within a clearly separated lineage, designated
clade A2, together with viruses from Italy, Russia, Turkey, and the United States (Figure 3). Clade A2 was
distinct from clade A1, which encompassed strains originating from Malaysia, Thailand, and Australia, as well
as the Japanese Rara strain belonging to genotype B.

Conclusion

In conclusion, this report documents a feline case exhibiting biochemical and clinical alterations characteristic of
liver impairment associated with long-term DCH infection. Evidence supporting this conclusion was derived from
abdominal ultrasound findings, microscopic and immunohistochemical analysis of liver tissue, consistent
abnormalities in hepatic enzyme markers, and detection of IgG anti-DCHcAg antibodies. Expanding the current
understanding of DCH remains essential for clarifying its role in feline pathology and for creating effective
diagnostic and preventive measures. Given that chronic HBV infection in humans can progress through fluctuating
phases of viral replication, including intervals of low or undetectable viral load, a combined evaluation of clinical,
biochemical, molecular, and serologic indicators is advised as the most reliable diagnostic strategy for DCH.
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