
Hepatitis C homolog in dogs with respiratory illness
Jens Bukh1

Copenhagen Hepatitis C Program (CO-HEP), Department of Infectious Diseases and Clinical Research Centre, Copenhagen
University Hospital, DK-2650 Hvidovre, Denmark; and Department of International Health, Immunology, and Microbiology,
Faculty of Health Sciences, University of Copenhagen, DK-2200 Copenhagen, Denmark

I
n PNAS, Kapoor et al. (1) discover
a Flaviviridae agent most closely
related to hepatitis C virus (HCV);
the identified RNA genome was

isolated from domestic dogs with re-
spiratory illness. This might shed new light
on the origin and evolution of HCV and
could lead to surrogate model systems for
this important human pathogen. Over 100
million people are affected by hepatitis
C worldwide, but research has been ham-
pered by a lack of widely available animal
models and representative culture systems.
Thus, discovery of an HCV homolog in
dogs gives hope for finding new ways to
study this deadly human virus.
The host range of HCV is restricted,

and natural infection was detected only
in humans; higher primates are susceptible
to experimental infection (Fig. 1). How-
ever, an HCV homolog has not been de-
tected in higher primates to date. The
only other known homolog is GB virus
B (GBV-B), which causes hepatitis in ex-
perimentally infected New World mon-
keys, but its true origin remains unknown
(2) (Fig. 1). Thus, the finding of a homolog
in dogs raises the interesting proposition
that HCV might have evolved as a result
of the close contact between dogs and
humans during the past several thousand
years. Kapoor et al. (1) estimate a di-
vergence time of the dog and human
viruses from a common ancestor within
the past 500–1,000 y, but it is widely rec-
ognized that such calculations should be
interpreted with great caution. As pointed
out by Kapoor et al. (1), a relatively recent
zoonotic origin of HCV would fit well
with the high pathogenic potential of HCV
in humans. However, it will be of interest
to determine whether there are further
HCV homologs in other mammals. They
could be a widespread group of host-
specific viruses causing little or no disease,
as observed for a more distantly related
cluster of Flaviviridae (suggested genus
Pegivirus), GBV-A and GBV-C viruses, in
primates and humans (2–5).
The International Committee of Tax-

onomy of Viruses deals with classifica-
tion of viruses in a formalized way after
researchers submit suggestions. Kapoor
et al. (1) call the HCV homolog isolated
from dogs canine hepacivirus (CHV).
Based on analysis of the evolutionary
conserved helicase and RNA polymerase
regions of members of the different genera
of Flaviviridae, it is apparent that the ge-
nome sequence of CHV clusters with
HCV and GBV-B. HCV is the sole rec-

ognized species member of the genus
Hepacivirus; GBV-B is a suggested species.
Based on a detailed phylogenetic ana-
lysis, Kapoor et al. (1) suggest that CHV
should be classified as a uniqueHepacivirus
species. However, HCV and GBV-B are
hepatotropic, and it is not clear whether
that is the case for CHV (Fig. 1). Also,
although CHV was detected in dogs from
different outbreaks of respiratory disease,
it should be confirmed that this is a canine
virus. Given the heterogeneity of HCV, it
was surprising that CHV sequences re-
covered from respiratory or liver samples
from dogs in different outbreaks were
practically identical. These researchers
screened a number of healthy dogs and did
not detect CHV. Additional studies will be
required to confirm the canine origin of
this virus. It would be relevant to develop
a specific serological test to screen dogs
and other animals to determine how
widespread infections with CHV are.
The study by Kapoor et al. (1) is limited

to a detailed analysis of the near-complete
genome of CHV. Given the close re-
latedness to HCV, such data are of par-
ticular interest during a time when new
sequence-independent amplification and
sequencing technologies, also applied
here, will result in detection of numerous
new viruses, which may or may not have
any disease relevance. The challenge will
be to determine whether such unique vi-
ruses, including CHV, cause disease in the

host where they were discovered or in
other susceptible animals. Questions about
virulence and pathogenesis and, as men-
tioned above, the epidemiology of this vi-
rus are important to address. The CHV
genome was found at a high titer in re-
spiratory samples from sick dogs, and the
virus was not detected in healthy dogs
(Fig. 1). This would suggest that CHV
played a role in the respiratory illness ob-
served in these particular dogs. It will,
however, be important to perform animal
transmission studies using serial dilutions
of high-titer virus stocks to demonstrate
that CHV is a transmissible agent that
causes respiratory illness. This would be-
gin to address Koch’s postulate for a dis-
ease-causing agent. Other disease out-
breaks in dogs around the world should
be examined. At present, there are no
definitive data on target organs or disease
association of this virus. How is it trans-
mitted to other dogs? Does it infect other
mammals? It would be of interest to de-
termine whether different variants of
CHV exist as observed for HCV with di-
verse major genotypes.

Fig. 1. Prototype HCV species and suggested species within the genus Hepacivirus of the Flaviviridae
family of viruses and their natural and experimental hosts. aThe p13 protein of GBV-B might be pro-
cessed into a p7 protein (equivalent to HCV p7) and a p6 protein. The p6 protein is not required for in
vivo infectivity (8). bThe tamarin from which GBV-B was isolated had been inoculated with the GB-agent
(2). cPersistent infection has been reported with recombinant GBV-B (8).
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For the study of human pathogens, it is
desirable to have a small animal model,
preferably a mouse model. For HCV, only
the chimpanzee model permits studies of
infectivity and pathogenesis (6) (Fig. 1).
The human liver chimeric mouse model
permits HCV infectivity studies and has
been useful in studies of passive immuno-
prophylaxis, but it does not permit studies
of the adaptive immune responses of criti-
cal importance for vaccine development
(6). Recently, a model with immunocom-
petent genetically humanized mice that
permitted entry and neutralization studies
was reported (7). However, there is a need
for further developments in this field.
One possibility is to use surrogate models
like simian immunodeficiency virus in Old
World monkeys that have served as a
model for studies of HIV in humans. GBV-
B has been explored as a surrogate model
for HCV because this homolog is associ-
ated with acute (and, in a few cases,
chronic) hepatitis in experimental in-
fections in tamarins (8) (Fig. 1). It remains
to be determined whether CHV in dogs
or potentially other animal species could
serve as a surrogate model for HCV. It is
unclear whether this virus replicates in the
liver and whether it induces hepatitis.
Kapoor et al. (1) report that they detected
CHV in liver samples from dogs at low
titers; furthermore, in situ hybridization
was used to detect the virus in the cyto-
plasm of hepatocytes. For HCV and
GBV-B, the ability to cause viral hepatitis,
without the influence of coinfecting agents,
was formally proven by inoculating chim-
panzees and tamarins, respectively, with
RNA transcripts from synthetic DNA re-
combinants (9–11). It was not determined
whether CHV causes persistent infections;
the presence of a high percentage of ge-
nome-scale ordered RNA structures in its
genome could signify a potential for per-
sistence in the natural host. Thus, it will be
important to screen large cohorts of dogs
to determine whether persistence exists in
this animal species.

For virologists, analysis of the complete
sequence of a novel virus related to HCV
is of great interest. The analysis convinc-
ingly confirmed a closer relatedness of
CHV to HCV compared with that of
GBV-B throughout the genome. Knowl-
edge about protein motifs conserved be-
tween HCV and CHV could yield
important information of relevance for
future functional studies, and Kapoor
et al. (1) make a number of observations
regarding the predicted CHV polyprotein
(Fig. 1). The 5′ terminal CHV sequence
was determined by the RACE procedure.
Although this region had features similar
to those of the HCV 5′ UTR, it is notable
that the structures at the 5′ end of the
CHV genome were different from those of
HCV. It remains unknown what the exact
role of the HCV 5′ terminal stem-loop
structure is, although this structure is
critical for the major HCV genotypes in
vitro (12). Even though Kapoor et al. (1)
use a number of different approaches to
determine the 3′ end of CHV, the nature
of this sequence needs to be studied fur-
ther. HCV and GBV-B have a poly-U
tract within the 3′ UTR (9, 13). This was
apparently not the case for CHV; instead,
CHV appears to have a poly-A stretch
close to the 3′ end. Thus, although HCV
and CHV are more closely related based
on phylogenetic analysis of coding se-
quences, there are genetic elements that
appear to be more similar in HCV
and GBV-B.
Initial attempts to culture CHV were

not successful. Given the great difficulties
encountered in culturing HCV (and GBV-
B) (Fig. 1), culture systems for this pre-
viously undescribed related virus would
be relevant. Only a single strain of HCV,
the genotype 2a strain JFH1 from a
Japanese patient, has been found to grow
robustly in culture, in human hepatoma
cell lines (14). However, viable JFH1-
based recombinants with gene elements
specific to genotypes 1–7 were developed
(15, 16). Thus, it might be possible to

generate HCV/CHV chimeras that could
be cultivated, which would be of interest
in functional studies and potentially could
have relevance in HCV vaccine de-
velopment, as found for different species
of the genus Flavivirus.
Recently, the importance of microRNA

(miR)-122 for HCV replication has been
the subject of numerous investigations
(17), and an antisense locked nucleic
acid directed against this miR appeared to
have therapeutical effect on HCV in vivo
and in vitro (12, 18). The effect of miR-
122 on HCV is mediated through specific
binding to seeding sites in the HCV 5′
UTR (19). Kapoor et al. (1) do not iden-
tify equivalent sites in CHV. Thus, this
virus might not depend on a specific miR
for its function. It is of note that recom-
binant HCV lacking one of the seeding
sites in the 5′ UTR was recently gener-
ated and that this virus had efficient
growth in vitro (12).
The identification of a unique virus re-

lated to HCV by Kapoor et al. (1) is
a major accomplishment, with exciting
possibilities for future HCV research. It
also raises the important perspective of
determining whether viruses closely re-
lated to HCV might be more widespread
in mammals than previously believed. The
role of this previously undescribed virus in
disease in dogs remains to be addressed.
For veterinarians, it will be relevant to
determine whether CHV causes severe
respiratory illness in dogs. For basic sci-
ence, the frequent discovery of viruses
resulting from the advance of “deep
sequencing” is very exciting and will lead
to major advances in our understanding of
the evolution and functionality of genetic
elements. For practitioners treating hu-
man and animal diseases, the key question,
however, will be whether these viruses
cause disease and how to treat such dis-
eases. Often, the identified agents will be
innocent bystanders, as was the case for
GBV-C, which was initially proposed as
a unique human hepatitis virus (5, 20).
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