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SUMMARY. Canine hepacivirus (CHV) has recently been
identified in liver and respiratory tract samples from dogs,
and comparative phylogenetic analysis has confirmed it to
be the closest genetic relative of hepatitis C virus (HCV)
described to date. CHV offers great potential as a model
system for HCV, but only if the underlying processes of
infection and pathogenesis are similar for both viruses.
However, it is not yet clear if CHV is hepatotrophic. Canine
chronic hepatitis (CH) is a common and usually idiopathic
disease that shares similar histological features to that of
HCV infection of humans. To date, no study has attempted
to determine whether CHV is involved in the aetiology of
liver disease in dogs. We employed two nested PCR assays,
using primers targeting regions of the helicase domain of

CHV NS3, to identify viral nucleic acids in liver samples
from 100 dogs with CH of unknown cause in the UK. We
also used a sensitive luciferase immunoprecipitation system
(LIPS) assay to screen serum samples from these dogs for
the presence of anti-CHV antibodies. Surprisingly, there
was no evidence of exposure to, or a carrier state of, CHV
in this large cohort, suggesting that the virus is not associ-
ated with CH in UK dogs. Future work, including transmis-
sion studies, is required to understand the pathogenesis of
CHV in canids before it can be proposed as a surrogate
model for HCV-induced liver disease in man.
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Canine hepacivirus (CHV), recently identified in respiratory
tract samples from dogs with respiratory illness in the
USA, was also detected in liver tissue from dogs with unex-
plained gastrointestinal illness [1]. In situ hybridisation
confirmed the presence of viral RNA predominantly in
cytoplasm of hepatocytes. Molecular characterization of
CHV suggested its genome is at least 9195 nucleotides and
encodes a 2942 amino acid polyprotein and a short 5’
untranslated region (UTR) [1]. Among hepaciviruses, CHV
was found to be more similar throughout the genome to
HCV than to GB virus B (GBV-B) [1]. Comparative phyloge-
netic analysis of CHV confirmed it to be the closest genetic
relative of HCV described to date [1,2].

An estimated three per cent of the world’s population is
chronically infected with HCV, with and more than
350 000 people dying from HCV-related liver diseases
every year [3]. However, efforts to understand human HCV
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infection have been hampered by the absence of suitable
animal models other than the chimpanzee and, until
recently, its inability to replicate in cell culture [4-6].
Despite CHV being identified in low levels in canine liver
tissue, it is unclear if this virus is hepatotrophic. If CHV is
associated with liver disease in dogs, the ability to study
hepacivirus pathogenesis, immunity and treatment in a
more tractable animal model would dramatically alter the
progress of HCV research [2,7,8].

Chronic hepatitis (CH) is the most frequently reported
canine liver disease and has a postmortem prevalence in
the UK of 12% [9]. As the aetiology of most cases of
canine CH remains unknown [10,11], and the disease
shares histologically features with that of HCV infection in
humans [12-15], CHV is a candidate aetiological agent of
CH. Studies have failed to identify HCV in canine CH
[10,11]; however, to date, no study has reported CHV in
dogs with CH.

Following the initial identification of CHV in dogs [1], sev-
eral nonprimate animal species have since been screened for
the presence of anti-CHV antibodies [16]. A sensitive lucifer-
ase immunoprecipitation system (LIPS) assay [17] was used
with the evolutionary conversed CHV helicase protein as the
target antigen. Samples of 36 from 103 horses were immu-
noreactive, and viral genomic RNA was present in eight
seropositive animals and none of the seronegatives.
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Complete genome sequence analysis revealed 14% (range
6.4-17.2%) nucleotide sequence divergence, with most
changes occurring at synonymous sites [16]. These viruses
have been named nonprimate hepaciviruses (NPHV 1-8).
Interestingly, in this same study, none of 80 serum samples
from dogs were seropositive, although the health status of
these animals was not known.

The aim of this study was to test the hypothesis that
CHV is the aetiological agent of canine CH by detecting
viral RNA in affected liver tissue and/or demonstrating the
presence of anti-CHV antibodies. To achieve this aim, we
used two nested PCRs to amplify CHV in liver tissue from a
large cohort of dogs with CH, and also a LIPS assay to
determine whether dogs with CH have anti-CHV antibodies.

MATERIALS AND METHODS

Sample details

Liver and blood samples were obtained from 100 dogs with
a histological diagnosis of CH according to established crite-
ria [14]. To maximize the likelihood of detecting CHV, cases
were selected where liver histology demonstrated changes
particularly suggestive of a viral aetiology, primarily the
presence of a lymphocyte-rich inflammatory cell infiltrate
[12,13,15]. All dogs were resident in the UK. There were a
total of twenty different pedigree breeds and also crossbreed
dogs, with eight represented by five or more dogs including
the Labrador retriever (n = 12), English springer spaniel
(n=11), crossbreed (n=11), English cocker spaniel
(n = 8), Dobermann pinscher (n=7), American cocker
spaniel (n = 5), Cairn terrier (n = 5) and Yorkshire terrier
(n = 5). No dog had received immunosuppressive or antivi-
ral therapy within the preceding 4 weeks. Liver tissue was
obtained when dogs underwent a liver biopsy as part of
their investigations, and blood samples consisted of that
remaining after routine diagnostic testing. All samples were
collected with written and informed owner consent and
with the approval from the Institutional Ethics and Welfare
Committee. Liver tissue was immediately frozen at —80 °C,
or collected into RNAlater (Life Technologies Ltd, Paisley,
Renfrewshire, UK), stored at 4 °C for up to 24 h then fro-
zen at —80 °C. Blood samples were collected without anti-
coagulant, separated within 6 h of collection, and the
serum frozen at —80 °C within 48 h.

Nested PCR

Total RNA was extracted from 100 mg of liver tissue using
TRIzol reagent (Life Technologies Ltd) according to the
manufacturer’s instructions. After reverse transcription
using random primers, resulting cDNA was used in two
separate nested PCRs for detection of the helicase domain
of CHV NS3. Each pair of PCR primers was optimized for
primer annealing temperature.

The first PCR wused previously published primers
targeting nucleotide positions 4186-4636 of CHV (Gen-
Bank accession number JF744991.1) [1], with primer for
the first round (Chcv-OF1: 5-TCCACCTATGGTAAGTTCT-
TAGC-3' and Chcv-OR1: 5-ACCCTGTCATAAGGGCGTC-3)
and the second round (Chcv-OF2: 5'-CCTATGGTAAG
TTCTTAGCTGAC-3' and Chcv-OR2: 5'-CCTGTCATAAGGGC
GTCCGT-3'). First-round amplification consisted of 30
cycles of 95 °C for 20 s, 58 °C for 20 s and 72 °C for 40 s
in an automated thermal cycler (Bio-Rad iCycler, Bio-Rad
Laboratories, Hemel Hempstead, Hertfordshire, UK). Sec-
ond-round amplification using real-time PCR and SYBR
green chemistry (Platinum SYBR green qPCR supermix-
UDG; Life Technologies Ltd) consisted of 45 cycles of 95 °C
for 10 s, 58 °C for 15 s and 60 °C for 15 s in an auto-
mated thermal cycler (Rotor-Gene 6000, Corbett Life Sci-
ence/Qiagen, Cambridge, Cambridgeshire, UK). Positive
controls for first- and second-round amplification consisted
of a 450 base synthetic oligonucleotide (GeneART; Life
Technologies Ltd) containing the region of the CHV gen-
ome amplified by the outer primers. The gene was cloned
into the vector pMA-T with plasmid DNA used as the tem-
plate for PCR and also sequenced to confirm identity. The
sensitivity of each nested PCR was calculated using tripli-
cate ten-fold dilutions of positive control from 1x10% to
1x10° genome copies per reaction, while observing the
lowest dilution which produced fluorescence above back-
ground followed by an exponential increase in fluores-
cence. Standard precautions were taken to avoid PCR
contamination, and no false positives were observed in
negative controls.

The second PCR was a consensus PCR using primers
designed by aligning conserved regions of all available CHV
sequences in the GenBank database (NCBI, http://www.
ncbi.nlm.nih.gov/, accession JF744991.1 to JF744996.1),
with primers for the first round (Chv-NS3F1: 5'- GCCATA
GCACAGACTCCACA-3" and Chv-NS3R1: 5- AAGGGTATG
TCACCGCTCTG-3') and second round (Chv-NS3F2: 5'-CC
TATGGTAAGTTCTTAGCTGAC-3" and Chv-NS3R2: 5-CGA
TGTTAGGATGAGGGACAG-3'). PCR conditions for first-
and second-round amplification were as described previ-
ously, with the exception of annealing temperature of
61 °C. The positive control consisted of a 171 base syn-
thetic oligonucleotide synthesized as previously described
and sequenced to confirm identity.

LIPS assay

A LIPS assay was used to screen serum sample from dogs
with CH for the presence of anti-CHV antibodies. To pro-
duce the Renilla luciferase (Ruc)-CHV helicase antigen
fusion construct, a template for the NS3 helicase-coding
sequence of CHV was generated from a respiratory sample
of a dog as previously described [16]. The primer adapter
sequences used to clone the CHV protein fragment were as

© 2013 The Authors. Journal of Viral Hepatitis published by John Wiley & Sons Ltd



follows: 5-GAGGGATCCATACACTTCGCAGATATG-3' and
5'-GAGCTCGAGTCAGGTGTTACAGTCAGTAAC-3". The pro-
tein fragment was subcloned downstream of Ruc using the
pREN2 vector [18]. DNA sequencing was used to confirm
the integrity of the DNA construct. Plasmid DNA was pre-
pared, and following transfection of mammalian expression
vectors, crude protein extract was obtained as described for
use as antigen [19]. Canine sera were processed in a 96-
well format at room temperature as previously described
[19-21]. Light units (LUs) were measured in a Berthold LB
960 Centro microplate luminometer (Berthold Technolo-
gies, Oak ridge, TN, USA) using coelenterazine substrate
mix (Promega, Madison, WI, USA). All LU data were
obtained from the average of two separate experiments.
GraphPad Prism software (GraphPad Software Inc., La
Jolla, CA, USA) was used for statistical analysis of LIPS
data. As positive controls, serum sample from four horses
previously determined to have low (n=2), medium
(n=1) and high levels (n = 1) of anti-CHV NS3 helicase
antibodies where analysed in parallel to the canine sam-
ples. To classify samples as positive, a cut-off limit derived
from the combined value of the mean value plus three
standard deviations (SD) of the replica negative control
samples containing only buffer, Ruc-extract and protein A/
G beads was used.

RESULTS

Nested PCR for detection of CHV in canine liver tissue

RNA extracted from liver tissue of 100 dogs with histologi-
cally confirmed CH was converted to cDNA and used as a
template in two nested PCRs targeting regions of the heli-
case domain of CHV NS3. Samples from all 100 dogs were
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negative for CHV in both nested PCRs. The sensitivity of
the first (Fig. 1) and second PCRs (Fig. 2) was ten genome
copies per reaction.

LIPS assay

The median LU from horses previously determined to have
low, medium and high levels of anti-CHV helicase antibod-
ies was 102 503 (range 26 757-278 974). A cut-off limit
of 17 520 LU was used to classify samples as positive.
Serum samples from 100 dogs with histologically con-
firmed CH were tested, and all were negative (median
4306; range 1445-11 916 LU) (Fig. 3).

DISCUSSION

This is the first study which aimed to determine whether
there is an association of CHV RNA and anti-CHV antibodies
in dogs with CH. Canine CH, a common liver disease in the
UK [9], shares histologically features with that of HCV infec-
tion in humans [12-15]. The aetiology of the majority of
cases remains unknown [10,11,22,23], despite demonstra-
tion of a transmissible agent capable of causing CH in dogs
in the UK more than 25 years ago [24,25]. Studies using a
candidate virus approach to identify such an agent, includ-
ing HCV, have been repeatedly unsuccessful [10,11,26,27].
Despite the previous report of low levels of CHV RNA in
liver tissue of dogs with unexplained gastrointestinal illness,
and the detection of virus in canine hepatocytes by in situ
hybridisation [1], we were unable to demonstrate CHV in
liver tissue from any of 100 dogs with CH. It is not clear if
the dogs in this initial report also had respiratory tract dis-
ease, and if so, it is possible that viral antigen was ingested
in sputum, passed across a compromised gastrointestinal
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Fig. 1 Results of real-time PCR to determine the sensitivity of the first nested PCR. The triplicate dilutions of the positive
control, in copies per reaction, are depicted. Y-axis, normalized fluorescence; X-axis, cycle number.
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Fig. 2 Results of real-time PCR to determine the sensitivity of the second nested PCR. The triplicate dilutions of the positive
control, in copies per reaction, are depicted. Y-axis, normalized fluorescence; X-axis, cycle number.
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Fig. 3 Box and whiskers plot showing the mean results of
an LIPS assay for the detection of anti-NS3 CHV antibodies
in 100 dogs with chronic hepatitis (canine samples) and
from known positive equine samples (positive controls).
The Y-axis depicts the antibody titres in light units (LU) on
a logyo scale. The boxes represent the interquartile
intervals from the 25th to 75th percentiles, and the solid
horizontal bars through the boxes represent the medians.
The capped vertical bars represent the minimum and
maximum of all data. The horizontal dotted line shows the
cut-off limit derived from the combined value of the mean
value plus 3 standard deviations (SD) of negative control
samples.

tract and transported to the liver in the hepatic portal vein.
CHV may be an innocent bystander, as was the case for
GBV-C, initially proposed as a unique hepatitis virus in
humans [28]. Indeed, the application of new sequence-inde-
pendent amplification strategies and sequencing technolo-
gies has lead to the discovery of numerous new viruses,
which may or not have disease relevance [29]. Future stud-
ies are required to define the pathogenesis of CHV before it

can be adopted as a surrogate model for HCV-induced liver
disease in this species. For HCV, the ability to cause viral
hepatitis was only definitively proven by inoculating pri-
mates with RNA transcripts from synthetic DNA recombi-
nants [30,31]. Similar inoculation experiments may be
necessary in dogs before the pathogenesis of CHV can be elu-
cidated. Our failure to detect CHV may also reflect sequence
divergence that confounds PCR. Having said that CHV
sequences identified to date have shown relatively little
genetic diversity [1]. The publication of additional CHV
genomes may enable alternative regions of sequence conser-
vation to be selected for primer design. Moreover, the
sequence of CHV circulating among dogs in the UK may be
distinct from that present in the USA.

For viral detection, we employed two nested PCRs, one of
which used previously published primers to amplify a region
of the helicase domain of CHV NS3 [1]. To date, the
sequences of one full and five partial CHV genomes have
been published, and only the full genome contains the
region amplified by these primers. Despite the apparent lim-
ited genetic diversity of CHV [1], sequence variation in the
primer binding region could possibly have excluded PCR
amplification of CHV sequences in the cohort of dogs we
tested herein. For this reason, a second nested consensus
PCR was designed to amplify a conserved region of all pub-
lished CHV sequences, also located in the helicase domain of
the NS3 gene. To maximize the likelihood of detecting CHV,
cases were selected where liver histology demonstrated
changes, which, particularly suggestive of a viral aetiology
[12,13,15]. In humans with HCV-induced CH, increased lev-
els of intrahepatic virus are associated with a higher histol-
ogy activity index (HAI) score [32-34]; therefore, canine
cases with a higher HAI score were also chosen. Despite a
sensitivity of 10 viral copies per reaction, we were not able
to detect CHV in any liver sample. This high sensitivity is
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likely due to the fact that the PCR assays were designed to
amplify a single sequence, with this sequence then used as
the positive control. It cannot be excluded that CHV pro-
vokes acute liver damage, is cleared, but immunopathologi-
cally provokes a self-perpetuating chronic liver disease.
Therefore, further studies using tissues from dogs with acute
disease are warranted. In human HCV infection, liver tissue
contains a substantially higher titre of viral transcripts com-
pared with blood [35-37], and so we did not attempt to
amplify CHV in canine blood samples.

To further study the role of CHV in canine liver disease,
we also employed a recently developed LIPS assay [16], to
determine whether dogs with CH had anti-CHV antibodies.
Serology is more tolerant of sequence divergence and has
the additional benefit of detecting resolved as well as acute
or active infections. Due to the possibility that different CHV
variants would be genetically diverse, an antigen from the
helicase domain of NS3 was used, as this is the most con-
served viral protein and one that shows documented antige-
nicity in HCV [38]. However, we were unable to detect anti-
CHV antibodies in any of the 100 dogs tested, suggesting a
lack of previous exposure to this virus. These results are
consistent with those of a previous study which also failed
to detect anti-CHV antibodies in 80 dogs [16], although the
health status of these animals was unknown. As the dura-
tion of immunity following CHV infection has not been stud-
ied, it is, however, possible that dogs clear CHV relatively
rapidly and also become seronegative.

Important differences exist between CHV and HCV,
which may have biological significance and explain poten-
tial differences in pathogenicity. Most notably, these
include the apparent absence of certain micro(mi)RNA-
binding sequences in CHV [1]. The 5'UTR of HCV contains
two miR-122-binding sites that are highly conserved
among all genotypes and facilitate replication in liver cells
[39,40]. Dogs encode identical miR-122s, and these are
highly expressed in the liver, but the absence of the bind-
ing site of miR-122 in CHV suggests that the interaction
may not be a feature of CHV infection. It remains to be
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