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Abstract: Hepatitis C virus (HCV) and hepatitis B virus (HBV) co-infection can be encountered in
either virus endemic countries. Co-infection can also be found in populations at risk of parenteral
transmission. Previous studies demonstrated a high risk of liver disease progression in patients with
HCV/HBV co-infection; thus, they should be treated aggressively. Previous evidence recommended
therapy combining peginterferon (pegIFN) alfa and ribavirin for co-infected patients with positive
HCV RNA. Recent trials further advise using direct-acting antivirals (DAAs) for the clearance of HCV
in the co-infected patients. Reactivation of HBV has been observed in patients post-intervention,
with higher risks and earlier onset in those having had HCV cured by DAA- versus pegIFN-based
therapy. The mechanism of HBV reactivation is an interesting but unsolved puzzle. Our recent study
revealed that in vitro HBV replication was suppressed by HCV co-infection; HBV suppression was
attenuated when interferon signaling was blocked. In vivo, the HBV viremia, initially suppressed by
the presence of HCV super-infection, rebounded following HCV clearance by DAA treatment and
was accompanied by a reduced hepatic interferon response. In summary, major achievements in the
treatment of HCV/HBV co-infection have been accomplished over the past 20 years. Future clinical
trials should address measures to reduce or prevent HBV reactivation post HCV cure.
Keywords: co-infection; hepatitis B virus; hepatitis C virus; pegylated interferon; direct-acting
antivirals; reactivation

1. Introduction
In hepatitis B virus (HBV) or hepatitis C virus (HCV) endemic countries, patients are exposed
to the risk of being co-infected with both viruses [1–3]. Parenteral viral transmission could also lead
to HCV/HBV co-infection. In patients infected with both HCV and HBV, the risk of developing liver
cirrhosis (LC) and hepatocellular carcinoma (HCC) is usually higher than those with mono-infection of
either virus [1–9]. Therefore, patients co-infected with hepatitis C and B require regular monitoring
and aggressive antiviral treatment.
Previous clinical trials suggested that peginterferon (pegIFN) alfa plus ribavirin (RBV) was
effective for clearing HCV in patients with HBV/HCV co-infection [10–14]. However, this regimen may
not be suitable for patients with decompensated liver cirrhosis or other contraindications. The optimal
treatment strategies for co-infected patients who are contraindicated for IFN-based therapy were
challenging before the advent of direct-acting antiviral (DAA)-based anti-HCV therapy. The DAA-based
therapy has wider indications and increases the rate of HCV clearance in mono-infected patients;
being not only safer, but also much more effective than IFN-based therapy. DAA-based therapy shows
potential for filling the unmet gap when treating co-infected patients. Our recent multicenter trial in
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Taiwan has just revealed that the HCV sustained virologic response (SVR) rate was high (100%) in
co-infected patients with HCV genotype 1 or 2 infection who received 12-week sofosbuvir/ledipasvir
therapy [15].
Patients may experience HBV reactivation after the cure of their HCV by pegIFN- or DAA-based
therapy, the risk of HBV reactivation being higher and onset being earlier in the latter, as warned
by the US FDA years ago [16]. Our trial data demonstrated that 73% of the patients experienced
HBV reactivation events during the 12-week DAA treatment period and 108-week post-treatment
observation period [17]. The risk of reactivation was highest during the treatment period and 12%
of the patients with HBV reactivation experienced clinical hepatitis activity and required anti-HBV
treatment. Moreover, HBV reactivation can be documented in patients with occult HBV infection
(anti-hepatitis B core (anti-HBc) total positive, HBsAg negative).
Until now, the mechanism of this HBV reactivation, post-HCV cure, remained an interesting
mystery. Our recent study provided evidence that HBV suppression was attenuated when IFN signaling
was blocked in vitro [18]. Clinically, HBV viremia, after initial suppression by HCV super-infection,
rebounded following HCV clearance by DAA treatment and was accompanied by a reduced hepatic
interferon response.
Management of HBV activity, including the prevention of HBV reactivation post HCV cure, is a
clinical issue that needs to be dealt with in further clinical trials. The lack of supportive evidence
is reflected by the differences among the recommendations by the EASL (European Association for
the Study of the Liver), AASLD (American Association for the Study of Liver Diseases) or APASL
(Asian Pacific Association for the Study of the Liver) community regarding the prevention of HBV
reactivation in co-infected patients [18–20].
This article will review recent updates about the clinical outcomes and treatment of patients with
hepatitis C and B co-infection, with emphasis on the risks and mechanisms of HBV reactivation.
2. Clinical Outcomes and Predictors of HCV/HBV Co-Infection
The adverse effect of HCV/HBV co-infection has been demonstrated previously by a long-term
community-based study in Taiwan showing the combined effect of HCV/HBV co-infection on the
cumulative incidence of HCC [9]. Our recent hospital-based cohort study echoed the adverse impact of
HCV/HBV co-infection on liver disease progression [21,22]. During a 10-year follow-up, 111 co-infected
patients had a higher risk of HCC and cirrhosis than 111 patients with HBV mono-infection, with the
hazard ratio of 3.6 and 2.5, respectively [22].
The fibrosis 4 parameters (FIB-4) index has been investigated widely for the assessment of the liver
fibrosis stage and the clinical outcomes in patients with chronic hepatitis C [21]. To examine the value
of FIB-4 in patients with HCV/HBV co-infection, we retrospectively enrolled 152 non-cirrhotic patients
with chronic HCV/HBV co-infection: 56 patients receiving pegIFN/RBV therapy and 96 patients being
untreated. The association between the FIB-4 index and the incidence of LC and HCC was explored.
We found that the FIB-4 index decreased only in the treated group which achieved SVR; high baseline
FIB-4 index in the treated groups independently correlated with a higher risk of developing LC and
HCC. These findings indicated that co-infected patients with elevated pre-treatment FIB-4, were more
susceptible to liver disease progression, and should be closely monitored post-HCV cure. The potential
role of FIB-4 was also evaluated by Butt A et al. [23]. Of 115 HCV/HBV co-infected patients treated
with DAA, a decreased SVR rate was observed with more severe liver fibrosis, as determined by the
FIB-4 score.
Overt HBV infection (indicated by positive serum HBsAg) adversely affects the clinical outcomes
of chronic HCV infection [24]. Occult hepatitis B infection (OBI) is not rare in countries that are endemic
for HBV and is commonly encountered in patients with chronic HCV infection in these endemic
countries. Nevertheless, the role of OBI in the progression of liver diseases in patients with chronic
hepatitis C is not fully understood. To explore the contribution of concurrent OBI to the progression
of liver diseases, we investigated the value of the total anti-hepatitis B core (anti-HBc) antibody as a
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surrogate OBI biomarker in 183 patients with active HCV infection (serum HCV RNA positive) and
resolved HBV infection (anti-HBc positive and HBsAg negative). OBI was identified using a sensitive
commercial assay. The results showed that 56 (30.60%) of these 183 patients with active HCV infection
had OBI. The presence of OBI did not correlate with any adverse clinical outcome in multivariate
analyses. Our findings supported that OBI infection may not contribute to the development of adverse
liver outcomes in patients with chronic HCV infection.
In short, recent studies have reached a consensus that overt, but not occult, HBV co-infection
may accelerate the progression of HCV-related liver diseases. FIB-4 index can help to predict adverse
clinical outcomes in CHC patients receiving DAA.
3. Treatment of Patients with HCV/HBV Co-Infection: PegIFN and RBV
Our previous data confirmed the efficacy of pegIFN plus RBV in the treatment of co-infected
patients with active hepatitis C [10,14,25–27]. The durability of hepatitis C clearance in HCV/HBV
co-infected patients was later demonstrated by a 5-year prospective follow-up study [14]. This leads
to the suggestion that the efficacy and durability of HCV SVR by using pegIFN alfa and ribavirin
therapy were satisfactory and not influenced by HBV co-infection. In addition to the cure of HCV
infection, pegIFN-based therapy may also help control the chronic HBV infection in patients with
HCV/HBV co-infection. During a 5-year post-treatment follow-up, the rate of HBsAg seroclearance
was 5.4% per year [14]. Another study, which investigated the outcomes in 192 HCV/HBV co-infected
patients after anti-HCV therapy, also found that 67 (34.9%) patients had a favorable outcome of HBsAg
seroclearance [28]. The probability was 5.7 per 100 person years. In addition, a pretreatment HBV
DNA level of 300 IU/mL served as an independent predictor for the outcome.
For patients with HCV/HBV co-infection, we hope treatment can decrease the risk of HCC
development and liver-related mortality in the long term. In Taiwan, we analyzed nationwide
databases and conducted a case-control study. We found that the treatment of co-infected patients
using pegIFN plus RBV indeed reduced risk of HCC development and liver-related mortality [29].
4. DAA-Based Therapy
With the arrival of the DAA regimen, which has proven to be a simple, time-saving, highly
tolerated and effective treatment option for HCV [30], two questions arise. First, whether DAA-based
therapy has a higher efficacy than pegIFN plus RBV in the seroclearance of HCV RNA, and second,
whether co-existing HBV infection influences the response to DAA-based therapy when managing
co-infected patients. It is also very important to understand the risk and timing of HBV reactivation
after the seroclearance of HCV RNA.
To answer these questions, we conducted a multi-center study in Taiwan using
sofosbuvir/ledipasvir to treat HCV/HBV co-infected patients [15]. Overall 111 patients were enrolled
(61% HCV genotype 1% and 39% genotype 2; 16% compensated cirrhosis). All patients (100%, 108/108)
achieved HCV SVR. The SVR was durable for 108 weeks after the end of the DAA therapy. Our data
suggested that a DAA regimen such as 12-week ledipasvir/sofosbuvir was highly effective in patients
with HCV co-infected with HBV. The treatment response would not be influenced by co-existing
HBV infection.
Unlike the HCV treatment response, the outcomes of co-existing HBV infection were still unclear.
One study followed the serial HBsAg and HBV DNA levels in 79 HCV/HBV co-infected patients
receiving DAAs (13 receiving anti-HBV nucleos(t)ide analogue [NUC] therapy simultaneously) [31].
The authors found that DAA-treated HCV/HBV co-infected patients had significantly higher rates
of HBV seroclearance, in addition to a lower risk of HBV reactivation among those with a low
pre-treatment HBsAg titer. Notably, severe HBV-related clinical reactivation can occur in patients not
receiving NUC therapy. Of the 79 patients, 6 patients experienced HBV clinical reactivation. Four of
the six patients were cirrhotic, and three of the four cirrhotic patients developed reactivation-related
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liver failure. Their findings strongly implied that anti-HBV NUC prophylaxis should be considered
before the start of DAA for HCV in co-infected patients.
A recent study reported on whether the clearance of HCV by DAA could improve the clinical
outcomes of co-infected patients [32]. For persons with baseline significant fibrosis, as indicated
by a FIB-4 score of 1.46–3.25, cirrhosis incidence was 49.3/1000 patient-years among 151 HCV/HBV
co-infected patients and 18.2 among HCV mono-infected patients (p = 0.03). Cirrhosis risk was
numerically higher among HBV/HCV co-infected patients than among HCV mono-infected patients,
but became lower among those who attained SVR (HR: 0.52; 95% CI: 0.42–0.63).
5. Risk and Management of HBV Reactivation Post HCV Cure Risk of HBV Reactivation in the
Era of DAA
HBV activity may reactivate during anti-HCV therapy in co-infected patients [33]. Our prior data
demonstrated that by using pegIFN plus RBV to treat co-infected patients, reactivation of HBV DNA
was found in 61.8% of patients with low pre-treatment serum HBV DNA level. The reactivation may
occur either during or after the end of IFN-based therapy [14].
After the introduction of DAA for the treatment of chronic hepatitis C, there is an increased
awareness of HBV reactivation in CHC patients co-infected with HBV treated with DAAs. An earlier
systematic review and meta-analysis compared the rate of HBV reactivation in CHC patients co-infected
with HBV treated with IFN-based therapy, versus those with DAAs [34]. Overall, the pooled incidence
rate of HBV reactivation among CHC patients with HBV co-infection (n = 779) was similar between
those treated with IFN-based therapy (14.5%, p < 0.001) and DAAs (12.2%, p = 0.03). Interestingly, HBV
reactivation was noted to occur much earlier in those treated with DAAs in comparison to those
receiving IFN-based therapies. The risk of hepatitis due to HBV reactivation was also higher in those
receiving DAA versus IFN-based therapy (12.2% vs. 0%).
To clarify the chronological profile and risk of HBV reactivation during and after the DAA
treatment, we followed the HBV virological parameters prospectively for 108 weeks following the end
of treatment [17]. We found that during the 108 weeks after treatment, 81 (73%) of the 111 co-infected
patients experienced HBV virologic reactivation; which developed most commonly before week
12 of the follow-up period (86%, 70/81). Clinical reactivation occurred in 10 (9%) of the 111 patients.
Notably, clinical reactivation can occur late; four patients experienced clinical reactivation between
weeks 12 and 48 of the follow-up period. Our findings demonstrate that HBV reactivation can develop
in the majority of HCV/HBV co-infected patients treated with DAAs for HCV. Most patients were
asymptomatic with HBV virologic reactivation; only a small group required HBV treatment. It has to
be noted that clinical reactivation may still occur >3 months after the end of therapy.
In addition to our trial, other studies also reported the risk of HBV reactivation (defined by
an increase in serum HBV DNA ≥1 log10 IU/mL) ranging from 25% to 87.5% (mean: 41.1%) in
HBsAg-positive patients treated by DAAs (Table 1). These findings send a clear message that the risk
of HBV reactivation was high in co-infected patients. The incidence of severe hepatitis activity can be
minimized through regular monitoring of serum HBV DNA and prompt administration of anti-HBV
NUC upon HBV reactivation, as done in our clinical trial.
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Table 1. Risk of hepatitis B virus (HBV) reactivation in hepatitis C virus (HCV)/HBV co-infected
patients receiving direct-acting antiviral (DAA) therapy for chronic hepatitis C.
Authors (Year)

Clinical
Setting

Patient
Number

Risk of HBV Reactivation,
Number (%)

Outcome

Gane et al. [35]
(2016)

Trial

8

7 (87.5)

None associated with clinical
HBV flares

Doi et al. [36]
(2017)

RWD

4

2 (50)

Kawagishi et al.
[37] (2017)

RWD

4

2 (50)

None associated with clinical
HBV flares

Liu et al. [15]
(2018)

Trial

111

70 (63.1)

Clinical hepatitis in 5

Tamori et al. [38]
(2018)

RWD

22

3 (13.6)

Baseline HBV DNA level
<2000 IU/mL in all.
Hepatitis flare did not occur in
these 3 patients.

Wang et al. [39]
(2017)

RWD

10

3 (30)

Clinical hepatitis in 3 (1 with
jaundice and 1 with liver failure)

Mucke et al. [40]
(2017)

RWD

9

5 (55.6)

NUC therapy for HBV
reactivation in 3

Yeh et al. [31]
(2020)

RWD

79

30 (38.0)

-11-month post-DAA follow-up
-13 received NUC
simultaneously
-6 (including 4 cirrhotics)
developed clinical hepatitis;
-3 of the 4 cirrhotics developed
liver failure and 2 died despite
immediate NUC therapy

Londono et al. [41]
(2017)

RWD,
prospective

10

5 (50)

None associated with clinical
hepatitis activity

Coinfection indicated by positivity for HCV RNA and HBsAg in the serum; DAA, direct-acting antiviral; RWD,
real world data; NUC, nucleos(t)ide analogue. Definition of HBV reactivation differed in different studies: Either
increases in serum HBV DNA or HBV DNA reappearance.

6. Viral Interactions: With Emphasis on Mechanisms of HBV Reactivation
Although both hepatitis B and hepatitis C viruses are hepatotropic viruses whose primary
replication occurs in the liver, significant differences exist between these two viruses regarding immune
responses after acute and chronic infection [42]. When both viruses exist in the same liver, the situation
may be even more complicated. In HBV endemic areas, most of the HCV/HBV co-infected patients
have similar HCV RNA levels as patients with HCV mono-infection, but relatively low levels of serum
HBV DNA compared with patients with chronic HBV mono-infection [43–46]. This suggests that the
interference between the two viruses is more likely characterized by an inhibition of HBV, exerted by
HCV. Because of the frequently encountered problems related to HBV reactivation post HCV cure,
understanding the interactions between HCV and HBV may provide clues for future development of
prophylactic or therapeutic strategies.
A recent study has investigated the impact of co-existing HBV on circulating T follicular helper cell
(Tfh) distribution and the HCV neutralizing antibody response [47]. Patients with HCV mono-infection
(n = 83) and HBV/HCV co-infection (n = 78) were both enrolled. The authors found that compared with
HCV mono-infection, the HBV/HCV co-infection group showed significantly lower HCV neutralizing
antibody responses and a decreased frequency of circulating Th1-like Tfh cells. The clinical implications
of these immunologic interactions between the two viruses await further study.
To further explore the molecular mechanisms behind this viral interaction and resultant HBV
reactivation, our recent in vitro and in vivo investigations were conducted with major inputs from
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virologists [18]. In co-infected cell culture and humanized mice, HBV replication was suppressed
by HCV co-infection. In vitro, HBV suppression was attenuated when interferon signaling was
blocked. In vivo, HBV viremia, after initial suppression by HCV superinfection, rebounded following
HCV clearance by DAA treatment that was accompanied by a reduced hepatic interferon response.
Using blood samples of co-infected patients, IFN-stimulated gene products including C-X-C motif
chemokine 10 (CXCL10), C-C motif chemokine ligand 5 (CCL5), and ALT were identified to have
predictive value for HBV reactivation after HCV clearance. Taken together, our data suggest that
HBV reactivation is a result of diminished hepatic interferon response following HCV clearance and
furthermore, we have identified serologic markers that can predict HBV reactivation in DAA-treated
HBV/HCV co-infected persons.
Another study investigated potential mechanism of HBV reactivation after HCV elimination by
DAA treatment in HCV/HBV co-infected patients [48]. Murai et al. examined RIG-I-like helicase (RLH)
pathway activation by HCV/HBV co-infection and interference between HBV and HCV in primary
human hepatocytes. They found that HCV infection activated the RLH pathway and suppressed
HBV replication. Elimination of HCV, by DAA administration, downregulated the RLH pathway
and upregulated HBV replication in mice. These findings partly explained the upregulation of HBV
replication after HCV elimination, probably through RLH pathway down-regulation.
In short, recent studies have provided evidence regarding the in vivo and in vitro interactions
between HCV and HBV. These interactions partly explained why HBV reactivates after the clearance
of HCV. However, more studies are needed to fully clarify this issue.
7. Updated International Guidelines/Guidance on the Treatment of Patients with HCV and HBV
Co-Infection
EASL guidelines [19] suggest that we can treat patients with HCV/HBV co-infection by using the
same anti-HCV regimens as in HCV mono-infected patients. Co-infected patients fulfilling the criteria
for HBV treatment should be treated according to the EASL 2017 Guidelines on HBV. For co-infected
patients who are HBsAg-positive, NUC prophylaxis is recommended before the start of DAA therapy,
till at least week 12 post DAA therapy (Table 2). HBV activity should be monitored after stopping
HBV treatment.
AASLD practice guidance [20] has different recommendations about the NUC prophylaxis in
co-infected patients. Determination of HBV treatment should be based on serum HBV DNA and ALT
levels as per the AASLD HBV guidelines for HBV mono-infected patients. For co-infected patients
positive for HBsAg, significant risk of HBV DNA and ALT flares exists during DAA therapy for
HCV. Thus, HBV DNA levels should be monitored every 4 to 8 weeks during DAA treatment and for
3 months post-DAA treatment in those not receiving NUC therapy before the start of DAA. The risk of
HBV reactivation in HBsAg-negative, anti-HBc positive patients is very low during HCV DAA therapy.
HBV DNA and HBsAg testing is reserved only for those patients who experience ALT flares during
DAA therapy.
Recent APASL guidelines suggest that for these co-infected patients, careful attention should be
paid to HBV reactivation for 24 weeks post-treatment [49].
All guidelines agree that the status of HBV infection should be monitored closely if IFN-free
regimens are adopted, since HCV DAA is anticipated to have no direct or immunomodulatory effect
on the replication of HBV. Anti-HBV therapy should be timely implemented if clinically indicated
(Table 3).
Despite being suggested by EASL guidelines, whether prophylactic NUC would be beneficial in
comparison to the therapeutic strategy for HBV reactivation remains unclear. We therefore conducted a
prospective multicenter trial in Taiwan investigating the effect of prophylactic NUC on the prevention
of HBV reactivation after the start of DAA for CHC [NCT04405011]. The data will be available soon
and will further the understanding and management of HCV/HBV co-infection.
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Table 2. International guidelines for management of HBV reactivation in HCV/HBV co-infected patients receiving DAA therapy for chronic hepatitis C.

Test for HBsAg in patients with CHC

AASLD (2018)

EASL (2017)

APASL (2019)

Yes

Yes

Yes, in HBV high endemic areas

Prophylactic use of NUC at the start of
DAA

No, monitor HBV DNA and ALT every
4–8 weeks and for 3 months post-DAA

Yes, concomitant NUC prophylaxis until
week 12 post-DAA

-Indicated for patients with advanced
fibrosis, cirrhosis or previous HCC.
-For patients without the above
indications, prophylactic use of NUC or
close monitoring is recommended.
-Follow through 24 weeks after end of
DAA.

Treatment of chronic hepatitis B

Per AASLD guidelines

Per EASL guidelines

Stopping rule per APASL guidelines

Remark
AASLD, American Association for the Study of Liver Diseases; EASL, European Association for the Study of the Liver; APASL, Asian Pacific Association for the Study of the Liver; CHC,
chronic hepatitis C; DAA, direct-acting antiviral; NUC, nucleos(t)ide analogue.

Table 3. Proposed strategies for the treatment of patients with HCV/HBV co-infection.
HCV RNA Positivity

HBV DNA Level

Treatment Goals

Proposed Strategies

Remarks

<2000 IU/mL

Cure of HCV infection

DAA *

HBV reactivation is a concern.
Prophylactic or therapeutic NUC per regional guidelines.
Prophylactic NUC is suggested in co-infected patients with
advanced fibrosis or cirrhosis.

Detectable

≥2000 IU/mL

Cure of HCV infection;
evaluating control of HBV
replication

DAA *
Or
DAA + NUC

HBV reactivation is a concern. Per regional guidelines for
treatment of chronic hepatitis B.
AASLD, APASL and EASL have different recommendations
about prophylactic NUC. Prophylactic NUC is suggested in
co-infected patients with advanced fibrosis or cirrhosis.

Undetectable

≥2000 IU/mL

Control of HBV replication

NUC or pegIFN

Per regional guidelines for treatment of chronic hepatitis B.

Undetectable

<2000 IU/mL

None

Clinical observation

Per regional guidelines for treatment of chronic hepatitis B.

Detectable

PegIFN, peginterferon; NUC, nucleos(t)ide analogue; DAA, direct acting anti-viral; HCV, hepatitis C virus; HBV, hepatitis B virus. * Data from large multicenter clinical trial.
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8. Summary and Future Directions
HCV/HBV co-infection is commonly encountered in endemic areas and among individuals at
risk of parenterally transmissible infections. How the two viruses interact with each other in the liver
is partly understood. In addition to academic interest, these data will help develop more effective
antiviral therapy and efficient strategies to prevent HBV reactivation post HCV cure by DAA.
For HCV/HBV co-infected patients, the same genotype-dependent treatment recommendations
for single chronic hepatitis C can be applied. The value of DAA-based therapy in co-infected patients
has been demonstrated in a recent clinical trial and prolonged follow-up [15]. The long-term benefits
of curing HCV by DAAs await further observatory studies. However, HBV reactivation remains a
concern to be resolved. Last but not least, for patients with active hepatitis B, more studies are needed
to determine the optimal regimen to simultaneously treat both viruses.
Funding: The work was supported by grants from the Taiwan Liver Disease Consortium, Ministry of Science and
Technology, Taiwan; National Taiwan University Hospital, Taiwan.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.
2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

Liu, C.J.; Liou, J.M.; Chen, D.S.; Chen, P.J. Natural course and treatment of dual hepatitis B virus and hepatitis
C virus infections. J. Formos. Med. Assoc. 2005, 104, 783–791.
Chen, D.S.; Kuo, G.C.; Sung, J.L.; Lai, M.Y.; Sheu, J.C.; Chen, P.J.; Yang, P.M.; Hsu, H.M.; Chang, M.H.;
Chen, C.J.; et al. Hepatitis C virus infection in an area hyperendemic for hepatitis B and chronic liver disease:
The Taiwan experience. J. Infect. Dis. 1990, 162, 817–822. [CrossRef]
Liu, C.J.; Chen, P.J.; Shau, W.Y.; Kao, J.H.; Lai, M.Y.; Chen, D.S. Clinical aspects and outcomes of volunteer
blood donors testing positive for hepatitis-C virus infection in Taiwan: A prospective study. Liver Int. 2003,
23, 148–155. [CrossRef]
D’Amelio, R.; Matricardi, P.M.; Biselli, R.; Stroffolini, T.; Mele, A.; Spada, E.; Chionne, P.; Rapicetta, M.;
Ferrigno, L.; Pasquini, P. Changing epidemiology of hepatitis B in Italy: Public health implications.
Am. J. Epidemiol. 1992, 135, 1012–1018. [CrossRef]
Crespo, J.; Lozano, J.L.; de la Cruz, F.; Rodrigo, L.; Rodríguez, M.; San Miguel, G.; Artiñano, E.; Pons-Romero, F.
Prevalence and significance of hepatitis C viremia in chronic active hepatitis B. Am. J. Gastroenterol. 1994, 89,
1147–1151.
Treitinger, A.; Spada, C.; Ferreira, L.A.; Neto, M.S.; Reis, M.; Verdi, J.C.; de Miranda, A.F.; de Oliveira, O.V.;
Van der Sander Silveira, F.; Abdalla, D.S. Hepatitis B and hepatitis C prevalence among blood donors and
HIV-1 infected patients in Florianopolis-Brazil. Braz. J. Infect. Dis. 2000, 4, 192–196.
Liaw, Y.F.; Chen, Y.C.; Sheen, I.S.; Chien, R.N.; Yeh, C.T.; Chu, C.M. Impact of acute hepatitis C virus
superinfection in patients with chronic hepatitis B virus infection. Gastroenterology 2004, 126, 1024–1029.
[CrossRef]
Donato, F.; Boffetta, P.; Puoti, M. A meta-analysis of epidemiological studies on the combined effect of
hepatitis B and C virus infections in causing hepatocellular carcinoma. Int. J. Cancer 1998, 75, 347–354.
[CrossRef]
Huang, Y.T.; Jen, C.L.; Yang, H.I.; Lee, M.H.; Su, J.; Lu, S.N.; Iloeje, U.H.; Chen, C.J. Lifetime risk and sex
difference of hepatocellular carcinoma among patients with chronic hepatitis B and C. J. Clin. Oncol. 2011, 29,
3643–3650. [CrossRef]
Liu, C.J.; Chuang, W.L.; Lee, C.M.; Yu, M.L.; Lu, S.N.; Wu, S.S.; Liao, L.Y.; Chen, C.L.; Kuo, H.T.; Chao, Y.C.;
et al. An open label, comparative, multicenter study of peginterferon alfa-2a plus ribavirin in the treatment of
patients with chronic hepatitis C/hepatitis B co-infection versus those with chronic hepatitis C monoinfection.
Gastroenterology 2009, 136, 496–504. [CrossRef]
Uyanikoglu, A.; Akyuz, F.; Baran, B.; Simsek, B.P.; Ermis, F.; Demir, K.; Mine Gulluoglu, M.; Badur, S.;
Kaymakoglu, S. Co-infection with hepatitis B does not alter treatment response in chronic hepatitis C.
Clin. Res. Hepatol. Gastroenterol. 2013, 37, 485–490. [CrossRef] [PubMed]

Viruses 2020, 12, 741

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

9 of 11

Kim, Y.J.; Lee, J.W.; Kim, Y.S.; Jeong, S.H.; Kim, Y.S.; Yim, H.J.; Kim, B.H.; Lee, C.K.; Park, C.K.; Park, S.H.
Clinical features and treatment efficacy of peginterferon alfa plus ribavirin in chronic hepatitis C patients
coinfected with hepatitis B virus. Korean J. Hepatol. 2011, 17, 199–205. [CrossRef] [PubMed]
Potthoff, A.; Wedemeyer, H.; Boecher, W.O.; Berg, T.; Zeuzem, S.; Arnold, J.; Spengler, U.; Gruengreiff, K.;
Kaeser, T.; Schuchmann, M.; et al. The HEP-NET B/C co-infection trial: A prospective multicenter study to
investigate the efficacy of pegylated interferon-alpha2b and ribavirin in patients with HBV/HCV co-infection.
J. Hepatol. 2008, 49, 688–694. [CrossRef]
Yu, M.L.; Lee, C.M.; Chen, C.L.; Chuang, W.L.; Lu, S.N.; Liu, C.H.; Wu, S.S.; Liao, L.Y.; Kuo, H.T.; Chao, T.C.;
et al. Sustained HCV clearance and increased HBsAg seroclearance in patients with dual chronic hepatitis C
and B during post-treatment follow-up. Hepatology 2013, 57, 2135–2142. [CrossRef]
Liu, C.J.; Chuang, W.L.; Sheen, I.S.; Wang, H.Y.; Chen, C.Y.; Tseng, K.C.; Chang, T.T.; Massetto, B.; Yang, J.C.;
Yun, C.; et al. Efficacy of ledipasvir and sofosbuvir treatment of HCV infection in patients coinfected with
HBV. Gastroenterology 2018, 154, 989–997. [CrossRef]
Bersoff-Matcha, S.; Cao, K.; Jason, M.; Ajao, A.; Jones, S.C.; Meyer, T.; Brinker, A. Hepatitis B virus reactivation
associated with direct-acting antiviral therapy for chronic hepatitis C virus: A review of cases reported to the
U.S. Food and Drug Administration Adverse Event Reporting System. Ann. Intern. Med. 2017, 166, 792–798.
[CrossRef]
Liu, C.J.; Chuang, W.L.; Sheen, I.S.; Wang, H.Y.; Chen, C.Y.; Tseng, K.C.; Chang, T.T.; Cheinquer, N.;
Massetto, B.; Moon, S.; et al. Ledipasvir/sofosbuvir is highly effective and safe in patients with chronic
hepatitis B virus and hepatitis C virus coinfection: Final study results. Gastroenteroloy 2019, 156, S1345.
[CrossRef]
Cheng, X.; Uchida, T.; Xia, Y.; Umarova, R.; Liu, C.J.; Chen, P.J.; Gaggar, A.; Suri, V.; Mücke, M.M.;
Vermehren, J.; et al. Diminished hepatic IFN response following HCV clearance triggers HBV reactivation in
coinfection. J. Clin Invest. 2020, 130, 3205–3220. [CrossRef]
Pawlotsky, J.M.; Negro, F.; Aghemo, A.; Berenguer, M.; Dalgard, O.; Dusheiko, G.; Marra, F.; Puoti, M.;
Wedemeyer, H. EASL Recommendations on Treatment of Hepatitis C 2018. J. Hepatol. 2018, 69, 461–511.
[CrossRef]
Terrault, N.A.; Lok, A.S.F.; McMahon, B.J.; Chang, K.M.; Hwang, J.P.; Jonas, M.M.; Brown, R.S., Jr.;
Bzowej, N.H.; Wong, J.B. Update on prevention, diagnosis, and treatment of chronic hepatitis B: AASLD
2018 hepatitis B guidance. Hepatology 2018, 67, 1560–1599. [CrossRef]
Liu, C.J.; Tseng, T.C.; Yang, W.T.; Su, T.H.; Yang, H.C.; Liu, C.H.; Chen, P.J.; Chen, D.S.; Kao, J.H. Profile and
value of FIB-4 in patients with dual chronic hepatitis C and B. J. Gastroenterol. Hepatol. 2019, 34, 410–417.
[CrossRef]
Yang, W.T.; Wu, L.W.; Tseng, T.C.; Chen, C.L.; Yang, H.C.; Su, T.H.; Wang, C.C.; Kuo, S.F.; Liu, C.H.; Chen, P.J.;
et al. Hepatitis B surface antigen loss and hepatocellular carcinoma development in patients with dual
hepatitis B and C infection. Medicine 2016, 95, e2995. [CrossRef]
Butt, A.A.; Yan, P.; Aslam, S.; Sherman, K.E.; Siraj, D.; Safdar, N.; Hameed, B. Hepatitis C virologic response
in hepatitis B and C coinfected persons treated with directly acting antiviral agents: Results from ERCHIVES.
Int. J. Infect. Dis. 2020, 92, 184–188. [CrossRef]
Chen, H.Y.; Su, T.H.; Tseng, T.C.; Yang, W.T.; Chen, T.C.; Chen, P.J.; Chen, D.S.; Kao, J.H.; Liu, C.J. Impact of
occult hepatitis B on the clinical outcomes of patients with chronic hepatitis C virus infection: A 10-year
follow-up. J. Formos. Med. Assoc. 2017, 116, 697–704. [CrossRef]
Liu, C.J.; Chen, P.J.; Lai, M.Y.; Kao, J.H.; Jeng, Y.M.; Chen, D.S. Ribavirin and interferon is effective for hepatitis
C virus clearance in hepatitis B and C dually infected patients. Hepatology 2003, 37, 568–576. [CrossRef]
Hung, C.H.; Lee, C.M.; Lu, S.N.; Wang, J.H.; Tung, H.D.; Chen, C.H.; Changchien, C.S. Combination therapy
with interferon-alpha and ribavirin in patients with dual hepatitis B and hepatitis C virus infection.
J. Gastroenterol. Hepatol. 2005, 20, 727–732. [CrossRef]
Chuang, W.L.; Dai, C.Y.; Chang, W.Y.; Lee, L.P.; Lin, Z.Y.; Chen, S.C.; Hsieh, M.Y.; Wang, L.Y.; Yu, M.L.
Viral interaction and responses in chronic hepatitis C and B co-infected patients with interferon-alpha plus
ribavirin combination therapy. Antivir. Ther. 2005, 10, 121–125.
Yeh, M.L.; Huang, C.I.; Huang, C.F.; Hsieh, M.H.; Liu, T.W.; Lin, Y.H.; Liang, P.C.; Hsieh, M.Y.; Lin, Z.Y.;
Chen, S.C.; et al. Pretreatment hepatitis B viral load predicts long-term hepatitis B response after anti-hepatitis
C therapy in hepatitis B/C dual-infected patients. J. Infect. Dis. 2019, 219, 1224–1233. [CrossRef]

Viruses 2020, 12, 741

29.

30.
31.

32.

33.
34.

35.
36.

37.

38.

39.

40.

41.

42.
43.
44.

45.

46.

10 of 11

Liu, C.J.; Chu, Y.T.; Shau, W.Y.; Kuo, R.N.C.; Chen, P.J.; Lai, M.S. Treatment of patients with dual hepatitis C
and B by peginterferon alfa and ribavirin reduced risk of hepatocellular carcinoma and mortality. Gut 2014,
63, 506–514. [CrossRef]
Cortez, K.J.; Kottilil, S. Beyond interferon: Rationale and prospects for newer treatment paradigms for
chronic hepatitis C. Ther. Adv. Chronic Dis. 2015, 6, 4–14. [CrossRef]
Yeh, M.L.; Huang, C.F.; Huang, C.I.; Holmes, J.A.; Hsieh, M.H.; Tsai, Y.S.; Liang, P.C.; Tsai, P.C.; Hsieh, M.Y.;
Lin, Z.Y.; et al. Hepatitis B-related outcomes following direct-acting antiviral therapy in Taiwanese patients
with chronic HBV/HCV co-infection. J. Hepatol. 2020, 73, 62–71. [CrossRef] [PubMed]
Butt, A.A.; Yan, P.; Aslam, S.; Abou-Samra, A.B.; Sherman, K.E.; Shaikh, O.S. Liver fibrosis progression and
mortality in hepatitis B- and C-coinfected persons treated with directly acting antiviral agents: Results from
ERCHIVES. Clin. Infect. Dis. 2019, ciz1097. [CrossRef] [PubMed]
Gordon, S.C.; Sherman, K.E. Treatment of HBV/HCV coinfection: Releasing the enemy within. Gastroenterology
2009, 136, 393–396. [CrossRef] [PubMed]
Chen, G.; Wang, C.; Chen, J.; Ji, D.; Wang, Y.; Wu, V.; Karlberg, J.; Lau, G. Hepatitis B reactivation in hepatitis
B and C coinfected patients treated with antiviral agents: A systematic review and meta-analysis. Hepatology
2017, 66, 13–26. [CrossRef]
Gane, E.J.; Hyland, R.H.; An, D.; Svarovskaia, E.S.; Brainard, D.; McHutchison, J.G. Ledipasvir and sofosbuvir
for HCV infection in patients coinfected with HBV. Antivir. Ther. 2016, 21, 605–609. [CrossRef]
Doi, A.; Sakamori, R.; Tahata, Y.; Urabe, A.; Morishita, N.; Yamada, R.; Furuta, K.; Kodama, T.; Hikita, H.;
Yakushijin, T.; et al. Frequency of, and factors associated with, hepatitis B virus reactivation in hepatitis C
patients treated with all-oral direct-acting antivirals: Analysis of a Japanese prospective cohort. Hepatol. Res.
2017, 47, 1438–1444. [CrossRef]
Kawagishi, N.; Suda, G.; Onozawa, M.; Kimura, M.; Maehara, O.; Ohara, M.; Izumi, T.; Umemura, M.; Ito, J.;
Nakai, M.; et al. Comparing the risk of hepatitis B virus reactivation between direct-acting antiviral therapies
and interferon-based therapies for hepatitis C. J. Viral. Hepat. 2017, 24, 1098–1106. [CrossRef]
Tamori, A.; Abiru, S.; Enomoto, H.; Kioka, K.; Korenaga, M.; Tani, J.; Enomoto, M.; Sugiyama, M.; Masaki, T.;
Kawada, N.; et al. Low incidence of hepatitis B virus reactivation and subsequent hepatitis in patients with
chronic hepatitis C receiving direct-acting antiviral therapy. J. Viral. Hepat. 2018, 25, 608–611. [CrossRef]
Wang, C.; Ji, D.; Chen, J.; Shao, Q.; Li, B.; Liu, J.; Wu, V.; Wong, A.; Wang, Y.; Zhang, X.; et al. Hepatitis due to
reactivation of hepatitis B virus in endemic areas among patients with hepatitis C treated with direct-acting
antiviral agents. Clin. Gastroenterol. Hepatol. 2017, 15, 132–136. [CrossRef]
Mücke, V.T.; Mücke, M.M.; Peiffer, K.H.; Weiler, N.; Welzel, T.M.; Sarrazin, C.; Zeuzem, S.; Berger, A.;
Vermehren, J. No evidence of hepatitis B virus reactivation in patients with resolved infection treated with
direct-acting antivirals for hepatitis C in a large real-world cohort. Aliment. Pharmacol. Ther. 2017, 46, 432–439.
[CrossRef]
Londoño, M.C.; Lens, S.; Mariño, Z.; Bonacci, M.; Ariza, X.; Broquetas, T.; Pla, A.; Bartres, C.; Adriani, M.V.;
Rodríguez-Tajes, S.; et al. Hepatitis B reactivation in patients with chronic hepatitis C undergoing anti-viral
therapy with an interferon-free regimen. Aliment. Pharmacol. Ther. 2017, 45, 1156–1161.
Fattovich, G.; Tagger, A.; Brollo, L.; Giustina, G.; Pontisso, P.; Realdi, G.; Alberti, A.; Ruol, A. Hepatitis C
virus infection in chronic hepatitis B virus carriers. J. Infect. Dis. 1991, 163, 400–402. [CrossRef]
Sato, S.; Fujiyama, S.; Tanaka, M.; Sato, T.; Mizuno, K.; Nonaka, S. Co-infection of hepatitis C virus in patients
with chronic hepatitis B infection. J. Hepatol. 1994, 21, 159–166. [CrossRef]
Sheen, I.S.; Liaw, Y.F.; Chu, C.M.; Pao, C.C. Role of hepatitis C virus infection in spontaneous hepatitis
B surface antigen clearance during chronic hepatitis B virus infection. J. Infect. Dis. 1992, 165, 831–834.
[CrossRef]
Chu, C.M.; Yeh, C.T.; Liaw, Y.F. Low-level viremia and intracellular expression of hepatitis B surface antigen
(HBsAg) in HBsAg carriers with concurrent hepatitis C virus infection. J. Clin. Microbiol. 1998, 36, 2084–2086.
[CrossRef]
Jardi, R.; Rodriguez, F.; Buti, M.; Esteban, R.; Guardia, J. Rule of hepatitis B, C and D viruses in dual and
triple infection: Influence of viral genotypes and hepatitis B precore and basal core promoter mutations on
viral replicative interference. Hepatology 2001, 34, 404–410. [CrossRef]

Viruses 2020, 12, 741

47.

48.

49.

11 of 11

Wen, B.; Zhang, J.; Liu, W.; Tang, P.; Xie, T.; Huang, L.; Hu, Y.; Jin, K.; Zhang, P.; Liu, Z.; et al. HBV coinfection
with HCV alters circulating Tfh cell distribution and impairs HCV neutralizing antibody responses.
J. Viral. Hepat. 2019, 26, 1002–1010. [CrossRef] [PubMed]
Murai, K.; Hikita, H.; Kai, Y.; Kondo, Y.; Fukuoka, M.; Fukutomi, K.; Doi, A.; Yamai, T.; Nakabori, T.;
Fukuda, R.; et al. Hepatitis C virus infection suppresses hepatitis B virus replication via the RIG-I-like
helicase pathway. Sci. Rep. 2020, 10, 1–10. [CrossRef] [PubMed]
Kanda, T.; Lau, G.K.K.; Wei, L.; Moriyama, M.; Yu, M.L.; Chuang, W.L.; Ibrahim, A.; Lesmana, C.R.A.;
Sollano, J.; Kumar, M.; et al. APASL HCV guidelines of virus-eradicated patients by DAA on how to monitor
HCC occurrence and HBV reactivation. Hepatol. Int. 2019, 13, 649–661. [CrossRef] [PubMed]
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

