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When viruses collide: hepatitis B virus reactivation
after hepatitis C treatment
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HBV/HCV coinfection

Viral hepatitis kills over 1 million people
annually worldwide, and the majority of
these deaths are attributable to chronic
infection from either hepatitis B virus (HBV)
or hepatitis C virus (HCV) (1). Accordingly,
the WHO developed a strategy to eliminate
viral hepatitis in the more than 270 million
people who have chronic hepatitis B (CHB)
(2) and more than 70 million who have
chronic hepatitis C (CHC).(3) Because of
shared routes of transmission, the preva-
lence of CHB in persons with CHC ranges
from 1.4% to 35% (4, 5).

Both viruses infect the liver but have
different life cycles in the hepatocytes that
they infect. HBV is a DNA virus whose rep-
lication template, the covalently closed cir-
cular DNA (cccDNA), resides in the nucle-
us of infected hepatocytes indefinitely,
even in those who have developed protec-
tive antibodies. The HBV genome, which is
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Treatment for hepatitis C virus (HCV) with direct-acting antivirals (DAAs)

in hepatitis B virus (HBV) coinfection can result in HBV reactivation. In

this issue of the JCI, Cheng and colleagues explored the role of interferon
signaling in the complex interaction between HBV and HCV using cell lines,
mouse models, and samples from people with coinfection. Notably, HCV
enhanced interferon signaling, as measured by interferon-stimulated gene
(ISG) expression, and decreased HBV transcription and replication. Blockade
of interferon signaling reversed the effects on HBV replication. Further,
pharmacologic inhibition of HCV replication in vitro and in coinfected
humanized mice also reduced interferon signaling and, correspondingly,
increased HBV replication. Intriguingly, baseline serum levels of the ISG
CXCL10 predicted HBV reactivation in a cohort of coinfected people taking
DAAs. Determining how interferon signaling silences HBV transcription and
whether serum CXCL10 predicts HBV reactivation in a clinical setting are
questions that warrant further investigation.

transcribed from cccDNA, is replicated by
the viral polymerase. Current HBV thera-
peutics that inhibit this viral polymerase
do not directly eliminate cccDNA. Thus,
HBV eradication, meaning the elimination
of cccDNA, is challenging to achieve cur-
rently with available therapeutics.

Despite the durability of cccDNA,
there is evidence that cellular processes can
decrease or silence cccDNA transcription
(6, 7). The mechanisms of this silencing are
not fully understood, but when inhibited,
there is potential for HBV reactivation. In
HBV monoinfection, reactivation classical-
ly occurs during immunosuppression from
cancer chemotherapy or with use of biolog-
ics such as rituximab (8, 9). So, clearly, in
some cases, the host immune response can
suppress HBV replication.

HBV-HCV coinfection presents a
unique situation where the two viruses
may have complex interactions. It was first
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noticed that the viral kinetics of HBV and
HCV are often reciprocal; high-level HCV
viremia is accompanied by low-level or
even absent HBV viremia with continued
presence of hepatitis B surface antigen
(HBsAg). Less commonly, HBV may be the
predominant virus (10-12). One hypothesis
to explain these findings included interfer-
ence in viral replication between the two
viruses, but there have been conflicting
data regarding whether both viruses could
replicate in the same hepatocyte (13, 14).
Another hypothesis was that HCV activat-
ed the innate immune response, which, in
turn, suppressed HBV replication (15, 16).
HBV is considered a stealth virus in that it
evades the innate immune response with-
out actively inhibiting immunity (17, 18).
Thus, if a second agent were to activate
innate immune responses, the collateral
effect may be to suppress HBV replication.
For example, one study demonstrated
that acute HIV infection in people with
CHB decreased HBV DNA levels through
a mechanism that might involve innate
immune activation (19).

The era of direct-acting
antivirals

The nature of the duel between HBV and
HCV was complicated by the advent of
direct-acting antivirals (DAAs), which
revolutionized HCV treatment. Over 95%
of people with CHC achieve a sustained
virologic response with DAAs. Despite this
remarkable progress, there are numerous
reports of HBV reactivation after initiat-
ing DAAs in HBV-HCV-coinfected peo-
ple (20-22). Although the total number
of cases was initially limited, instances of
hepatic failure from reactivation led the
FDA to issue a black box warning to moni-
tor for possible HBV reactivation in people
with HCV coinfection who initiate DAA
treatment. Since the first reports, larger
observational studies have strengthened
the association of HBV reactivation with
DAA treatment (23). Thus, there appeared
to be a strong connection between HBV
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Figure 1. Hepatitis B and C coinfection are inter-
twined by the type 1interferon response. (A) In
HBV monoinfection, virions infect hepatocytes
and uncoat, yielding the relaxed circular DNA
(rcDNA) that is converted to covalently closed
circular DNA (cccDNA) by host nuclear poly-
merases. cccDNA is the template for transcrip-
tion of pregenomic RNA (pgRNA) and other viral
RNAs (not pictured). pgRNA is exported into the
cytoplasm, encapsidated, and reverse tran-
scribed by the HBV polymerase into rcDNAs that
egress as infectious virions. HBV fails to trigger
the innate immune type 1interferon signaling
cascade. (B) In HCV monoinfection, virions infect
hepatocytes and uncoat. The single-stranded
RNA template is translated into nonstructural
proteins that replicate progeny RNA molecules
in membranous webs. Encapsidated progeny
RNAs egress as infectious virions. The viral
genomes trigger intracellular innate immune
sensors, leading to type 1interferon production.
Type 1interferons ligate interferon o recep-

tors (IFNAR1/2) on neighboring hepatocytes,
triggering JAK/STAT signaling that terminates

in transcription of hundreds of antiviral ISGs.

(C) In HBV-HCV coinfection, HCV infection
triggers type 1interferon release that is sensed
by HBV-infected hepatocytes. Upregulated

ISG expression in HBV-infected hepatocytes
associates with decreased abundance of HBV
transcripts and decreased HBV replication. (D)
DAAs that inhibit HCV replication are associated
with dampening type 1interferon responses.
Similarly, JAK inhibitors (Jaki) block the signaling
cascade following IFNAR1/2 ligation, inhibiting
upregulation of ISG expression. Both DAAs and
JAKi result in the derepression of HBV tran-
scription and increased HBV replication. This
also increases the number of cells that show
coinfection with HBV and HCV.

and HCV without a clear mechanistic
underpinning, although several groups
postulated an immunologic link between
the viruses.

Interferon responses

In the current issue of the JCI, Cheng et al.
conducted a series of experiments involv-
ing cell culture, humanized mice, and
samples taken from coinfected people that
strongly implicate diminished interferon
responses in HBV reactivation during DAA
treatment in HBV-HCV coinfection (24).
First, the investigators cocultured HBV
and HCV by inoculating primary human
hepatocytes with HBV followed five to six
days later by adding HCV. In contrast to the
control HBV monoinfection culture, levels
of HBV DNA, HBsAg, hepatitis B e anti-
gen (HBeAg), and HBV RNA decreased in
the HBV-HCV coculture. Accompanying
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this decrease was an increase in expres-
sion of interferon-stimulated genes (ISGs),
such as ISG15 and CXCL10, both of which
are upregulated during and due to CHC.
Taking these results together, the team
hypothesized that HCV infection promotes
innate immune activation vis-a-vis the
potent interferon system, proposing that
type 1 and 3 interferons are responsible for
restricting HBV replication in coinfection.
They demonstrated the link in HBV-HCV
cocultures by showing that a broadly acting
Janus kinase inhibitor (Jaki), which atten-
uates interferon responses by inhibiting
downstream signaling, restored HBV titers
in vitro. These data suggest that interfer-
ons exert control over HBV replication via
transcriptional suppression of cccDNA
because intracellular HBV RNA levels were
repressed in HBV-HCV cocultures (24).

Cheng and colleagues validated these
results using in situ methods for HCV RNA
and HBV nucleic acid detection to confirm
infection and to confirm that replication
of both viruses occur in the same hepato-
cyte. In fact, the number of hepatocytes
replicating both viruses increased from
12% to 58% with Jaki. Using this in situ
system, they then modeled the clinical
treatment scenario by adding sofosbuvir,
a potent DAA, to HBV-HCV cocultures.
As expected, by blocking HCV replication
with sofosbuvir, ISG expression partially
decreased. Intracellular HBV RNA levels
increased to intermediate levels with the
addition of sofosbuvir. In contrast, ente-
cavir, a typical nucleoside analog (NUC)
used for HBV, had no effect on innate
immune signaling. These data support the
idea that DAA treatment mediates HBV
reactivation through a decrease in the
interferon response.

Cheng et al. verified their findings
using a longer-duration in vivo mod-
el: humanized mice that were infected
with HBV and maintained for 10 weeks;
approximately half of the animals were
inoculated with HCV atweek 4. HBV-HCV-
coinfected animals had lower HBV titers
than HBV-monoinfected mice, and cor-
respondingly had upregulated hepatocyte
ISG expression compared with monoin-
fected mice. DAA treatment of these ani-
mals suppressed HCV viremia and led to
enhanced HBV viremia that corresponded
with a decrease in serum CXCL10 levels.
To validate the link between interferon

responses and partial HBV control, the
investigators measured serum CXCL10
levels in 35 HBV-HCV-coinfected people
who underwent DAA treatment and had
characterized outcomes for HBV reactiva-
tion. Median baseline (pre-DAA) CXCL10
levels were higher in coinfected people
who had HBV reactivation than in people
who did not have reactivation. However,
while baseline CXCLI1O0 levels predicted
which patients would reactivate HBV, lev-
els declined in most patients rapidly after
DAA initiation, showing no differences
between those who reactivated HBV and
those who did not. This finding suggests
that those with reactivation mounted
a stronger interferon response to HCV
and when that response was attenuated
during DAA treatment, HBV reactivated.
In those without HBV reactivation, a dif-
ferent mechanism was likely suppressing
HBV replication. Cheng and authors con-
cluded that HCV induces interferons that
are responsible for suppression of HBY,
and that DAA-mediated clearance of HCV
diminishes the stimulus for interferon
secretion, thereby derepressing HBV tran-
scription (ref. 24 and Figure 1).

Further questions

Cheng and colleagues should be lauded
for wundertaking this comprehensive
mechanistic study to uncover a cause for
HBV reactivation with DAA treatment
in HCV-coinfected individuals (24).
Although there are several parts of the
study that raise further questions (would
Janus kinase inhibition have led to
increased HBV titers in humanized mice?
Which ISGs are responsible for suppress-
ing HBV replication? Is there chromatin
remodeling of cccDNA that occurs after
DAA initiation? Why is HCV replication
occasionally suppressed in coinfection?),
the methodical nature of the experiments
conclusively supports the hypothesis that
loss of the hepatic interferon response
leads to some cases of HBV reactivation
in HBV-HCV coinfection. The authors
clearly demonstrate that both viruses can
replicate in the same hepatocyte, so the
“crowded replication space” hypothesis is
unlikely to explain reciprocal viremia (24).
However, their findings do not explain why
only a minority of HBV-HCV-coinfected
individuals who receive DAA treatment
reactivate HBV. It is likely that there are
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other mechanisms (immune or otherwise)
that suppress HBV replication, and these
may be more active in people with HBV-
HCV coinfection who do not reactivate.
It is yet to be determined, however, how
clinicians can exploit this new under-
standing of HBV reactivation to prevent
its occurrence in people. Presently, in
HBV-HCV-coinfected people who are not
receiving NUCs, clinical monitoring for
reactivation is the only guidance for those
initiating DAA treatment. For example,
should changes in an ISG such as CXCL10
be used to predict who is at risk for reac-
tivating? It is also not clear whether the
model in coinfection represents reactiva-
tion in HBV monoinfection.

Current HBV cure strategies focus on
either eradicating all remnants of cccDNA
from the liver or suppressing cccDNA tran-
scription (i.e., a functional cure). We and
others have reported evidence that cccDNA
transcription may become suppressed (7,
25). It would be important to know if inter-
ferons were responsible for transcriptional
silencing of cccDNA more generally, and
whether reactivation in monoinfected peo-
ple was due to diminished interferon levels.
Indeed, it is notable that the clinical formu-
lation of interferon, pegylated interferon
a, is the only FDA-approved medicine for
HBV that leads to loss of HBsAg, although
it does so infrequently. Thus, the Cheng et
al. study (24), and HBV-HCV coinfection
more generally, are important steps that
raise deeper questions about HBV cure.
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