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Abstract

Hepatitis B virus (HBV) and hepatitis C virus (HCV)
share common mode of transmission and both are able
to induce a chronic infection. Dual HBV/HCV chronic
coinfection is a fairly frequent occurrence, especially in
high endemic areas and among individuals at high risk
of parenterally transmitted infections. The intracellular
interplay between HBV and HCV has not yet been suffi-
ciently clarified, also due to the lack of a proper /in vitro
cellular model. Longitudinal evaluation of serum HBV
DNA and HCV RNA amounts has revealed that complex
virological profiles may be present in coinfected pa-
tients. Dual HBV/HCV infection has been associated to
a severe course of the liver disease and to a high risk
of developing hepatocellular carcinoma. Despite the
clinical importance, solid evidence and clear guidelines
for treatment of this special population are still lacking.
This review summarizes the available data on the viro-
logical and clinical features as well as the therapeutic
options of the dual HBV/HCV infection, and highlights
the aspects that need to be better clarified.
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Core tip: This review analyses the available virological
and clinical data about the dual hepatitis B virus/hepa-
titis C virus infection. In particular, it highlights the
aspects concerning the possible viral interactions, the
impact on liver disease progression and hepatocellular
carcinoma development as well as the therapeutic op-
tions in this special population.
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INTRODUCTION
Hepatitis B virus (HBV) and hepatitis C virus (HCV)

share several important similarities, including consider-
able diffusion worldwide, the modes of transmission,
the hepato-tropism and the capacity to induce a chronic
infection that may lead to cirrhosis and hepatocellular
carcinoma (HCC) developrnent“’ﬂ. Consequently, it is not
surprising that their combined infection is a fairly fre-
quent occurrence particularly in highly endemic areas and
among subjects with a high risk of parenteral infections'”.
In this context it is of importance to stress that a large
body of evidence shows that the prevalence of occult
HBYV infection [ie., the long-lasting persistence of HBV
genomes in individuals negative for HBV surface antigen
(HBsAg)m is particulatly elevated in HCV patients[("sl.
Nevertheless, the condition of occult HBV and HCV
coinfection is not the subject of the present paper that
is, instead, strictly focused on reviewing the available data
concerning virological interaction, clinical course and
treatment options of the chronic HCV and overt HBV
(i.e., HBsAg positive) dual infection. The review begins
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with very concise but necessary notes of epidemiology
and virology concerning the two viruses.

NOTES OF EPIDEMIOLOGY

The World Health Organization estimates that more than
500 Million people all around the world are chronically
infected with HBV or HCV and approximately 1 mil-
lion people die each year (about 2.7% of all deaths) from

causes related to viral hepatitis and liver disease, including
[1-3]

liver cancer

Despite some differences in the geographical dis-
tribution of the two viruses (HBV is more prevalent in
Far East, Sub-Saharian Africa, and Southern America
with 2%-15% of populations infected, whereas HCV is
more prevalent in Asia, North-Africa and Europe with
2.5%-10% of population infected), they quite frequently
co-exist especially in countries at high endemicity for one
or both viruses and among patients with a high risk of
patenterally transmitted infections. The estimated preva-
lence of HBV/HCV dual infection is approximately
5%-20% in HBsAg positive patients and 2%-10% in
HCV positive patients, with a quite different geographi-
cal distribution, as showed in Table 1*7% A large co-
hort study recently conducted in the United States. By
Tyson et o/ in HCV positive patients, showed a 1.4%
prevalence of overt HBV coinfection, whereas about
one third of the study population showed positivity for
antibody directed to HBV antigens. Moreover, there was
a significantly increased risk of HBV coinfection associ-
ated with male sex, age lower than 50 years, positive hu-
man immunodeficiency virus (HIV) status, a history of
genetic haematological disease, of blood transfusion or
of cocaine and other recreational drug use”. Of note,
hepatitis Delta virus (HDV) and HIV also share common
modes of transmission with HBV and HCV. For this rea-
son - and mostly in highly endemic areas, in economically
depressed regions and among intravenous drug addicts -
they can be responsible, with HBV and HCV, for triple
(HBV/HCV/HDV, HBV/HDV/HIV or HBV/HCV/
HIV) or quadruple (HBV/HCV/HDV/HIV) infec-
tion"". The virological and clinical patterns of these
very complex kinds of multiple infection will not be dis-
cussed in this review.

NOTES OF VIROLOGY

Despite the considerable similarities in terms of diffu-
sion, transmission and tropism, HBV and HCV are bio-
logically very different from each other.

HBYV is a DNA virus belonging to the Hepadnavirus
family. The viral DNA is a closed, circular, partially dou-
ble stranded molecule of 3.2 kilobases [relaxed circular
DNA (rcDNA)], and contains four partially overlapping
open reading frames: the S gene, coding for the envelope

[TPRE)

proteins; the Core gene, coding for the core and “e” pro-
teins; the P gene, coding for a protein with multiple func-
tions, including reverse transcriptase and DNA polymer-
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ase activities; the X gene, coding for the “X” protein of
yet not well defined functions, but with transcriptional
transactivating properties and a likely important role in
. Once it has penetrated into the
hepatocyte, the viral core is transported to the nucleus

the viral rephcatlon

and the rcDNA is converted into a circular, covalently
closed, fully double stranded supercoiled DNA (cccDNA)
that is the template for the production of the virus mes-
senger RNAs including a RNA pregenome that - simi-
larly to the retroviruses - is reverse transcribed in the
cytoplasm of the infected cells for the synthesis of the
viral DNAP*, HBV cccDNA molecules bind histons
and other proteins and are organized as a stable, long-
term persisting chromatinized episomes that - together
with the long half-life of hepatocytes - imply that HBV
infection, once it has occurred, may continue indefinitely
over time” ™, HBV-DNA can be directly integrated into
the host DNA but, unlike what happens for retroviruses,
integration has no role in the viral replicative cycle since
it involves only fragments of the viral genome. Integra-
tion is possibly a cofactor related to the development
of HCC™™!, Moreover, HBV may exert its direct pro-
oncogenic role also through the production of proteins -
such as X and truncated preS-S proteins - with potential
transforming properties”™ .,

HCV is an enveloped, single-stranded, positive-sense
RNA virus, with a genome of approximately 9600 nucle-
otides™™. Due to its considerable sequence heterogene-
ity HCV is classified as a separate genus in the Flaviv-
iridae family and distinguished into six major genotypes
showing a fairly different geographic distribution™. Tts
genome consists of 5’ and 3’ non coding regions and a
single open reading frame that encodes a single viral poly-
protein of 3010-3033 amino acids™*. The viral poly-
protein undergoes post-translational cleavages to form
functional viral proteins, both structural (core and enve-
lope proteins) and non-structural (NS2-NS5 proteins),
which produce the enzymes required for viral growth
and replication™", Because of its rapid replication and
the high rate of error insertion of the RNA-dependent
RNA polymerase, HCV spontaneously mutates within a
given infected individual resulting in related but distinct

“quasispecies'”’. The generation of these mutants ap-
pears to be one of the key mechanisms by which HCV
escape the hosts immunoresponse, maintaining persist-
ent infection™. Very importantly, the replication cycle of
the HCV occurs totally in the cytoplasm and - once the
replication is stopped - the virus can be cleared from the
cells and thus the infection definitively cured™.

VIROLOGICAL INTERACTION

From both the biological and clinical points of view, a
crucial question is whether HBV and HCV may interfere
in the life cycle of each other in cases of co-infection.
In vitro studies performed since the early 90s had clearly
demonstrated that the HCV “core” protein strongly
inhibits HBV replication™ ™. Two subsequent reports
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Table 1 Selection of papers concerning the prevalence of hepatitis B virus/hepatitis C virus dual infection in different countries and

populations
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Ref., country Study population Cases (1) Co-infected individuals
Tyson et all, United States Anti-HCV* 102971 1.3%
Bini et al”, United States Anti-HCV" 1257 5.8%
Siddiqui et al"”, United States Anti-HCV* 743 3%
Fong et al™, United States HBsAg" 148 11%
Chen et al"”, China HBsAg" 712 14.47%
Li et al™, China HBsAg" 193 11.39%
Tsatsralt-Od et al™, Mongolia Children 655 1.2%
Tsatsralt-Od et al™, Mongolia Chronic liver disease 207 7.7%
Liaw et al® Taiwan HBsAg" 1498 12%
Dai et al, Taiwan HBsAg" 100 18%
Chan et al"®, Taiwan HBsAg" 323 3.4%
Sato et al™, Japan HBsAg" 82 23%
Ohkawa et al™, Japan HBsAg" 156 12.8%
Saravanan et al®"!, India Chronic liver disease 251 5.9%
Chakravarti et al®®, India Chronic liver disease 150 16%
Semnani et al®™, Tran HBsAg" 139 12.3%
Murad et al®, Yemen Pregnant women 400 0%
Gaeta et al™, Ttaly HBsAg" 837 7%
Di Marco et al™, Ttaly HBsAg" 302 14.2%
Fattovich et al™, Ttaly HBsAg" 184 15%
Crespo et al®, Spain HBsAg" 132 13%
Voiculescu et al®, Romania Subjects asking for a medical examination 2540 0.24%

HCV: Hepeatitis C virus; HBsAg: Hepatitis B virus surface antigen.

indicated that also the HCV NS5A protein may influence
HBYV activity, although they produced contrasting data in
terms of inhibition or enhancement of the HBV replica-
tion”. However, more recent studies have brought into
question the interplay between HCV and HBV, and when
the #n vitro co-transfection experiments were conducted
with full-length HBV genomes and HCV replicons (thus,
not limiting the study to a single HCV protein) it was
shown that the two viruses could replicate in the same
hepatocyte without evidence of interference™, and that
hepatocytes with replicating HBV could be infected by
HCV without superinfection exclusion® (as a note, the
possible co-existence of HBV and HCV in the same
hepatocytes form liver biopsy specimens has been re-
ported)[SS]. Because of several limitations, however, the
transformed-hepatocyte cell culture systems used so far
are not ideal for exploring the co-existence of the two
viruses and, consequently, the experimental data available
at present do not definitively clarify the possible interac-
tion between them. Similarly, an 7# »ivo model to study
the dynamic process of a possible reciprocal interference
in the replicative cycle and the production of respective
viral proteins is not yet available"™.

The HBV and HCV virological patterns have also
been investigated in quite a large number of clinical stud-
ies. Most of these studies were cross-sectional evaluation
of the viral load of the two viruses at a single time point,
showing an apparent dominant role of the HCV (high
HCV RNA and low HBV DNA levels) in the majority
of the cases. Other reports, however, suggest a reciprocal
interference or even a dominant effect of HBVP***"
and ethnic factors have also been proposed to influence
the dominant role of one virus on the other™. In the
middle of the last decade, an Italian multicenter study
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longitudinally examined a large series of HBsAg and anti-
HCV antibody positive patients and showed that a wide
and complex spectrum of virological profiles may occur
in cases of coinfection®. In fact, about one third of the
cases presented broad changes over time of the amount
of circulating HBV DNA or - less frequently - HCV
RNA, thus revealing alternate phases of activity of one
or both viruses. In this context, one should consider that
the typical anti-HBe positive chronic hepatitis B is often
characterized by phases of low levels of HBV replica-
tion interspersed with episodes of viral reactivation®”,
and many HBsAg/ant-HCV cases are anti-HBe positive.
Similarly, also HCV - although infrequently - may show
alternating phases of active and suppressed replication
also in cases of single infection®™”". In the context of
the hypothesized interaction between the two viruses and
particularly of the inhibitory effect operated by HCV on
HBYV, some anecdotal reports concerning co-infected pa-
tients treated with interferon (IFN) therapy for the pro-
ductive HCV infection had showed the reactivation of
the previously, apparently suppressed HBV once a favor-
able response to therapy had been achieved as shown by
the permanent disappearance of serum HCV RNA?
Therefore, curing the HCV infection would produce the
loss of the suppression on HBV that may reactivate! ¥,
However, a more recent study longitudinally evaluating
the behavior of apparently inactive HBV infection in pa-
tients under treatment for the simultaneous HCV infec-
tion showed that the inactive HBV status was maintained
independently of the HCV response to therapy in all but
two non-responder cases with persistently high HCV
viremia levels who showed HBV DNA flares during the
antiviral treatment, thus indicating a status of productive
HBYV infection with fluctuating virological profiles and
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suggesting that the HBV activity can be independent of
the HCV during anti-HCV therapy'”.

Summarizing, the available information indicates
that in a considerable portion of cases with coinfection
the behaviour of each virus appears to be independent
of the contemporary presence of the other and a serial
evaluation overtime of the viral loads of both viruses is
mandatory for a correct identification of a true active (as
well as inactive) infection of one ot both of them, also in
the course of antiviral treatments.

The immunology of the HBV-HCV dual infec-
tion has been evaluated in a few studies focused on
T-lymphocyte response and analyzing small numbers of
cases' ", Larger studies are needed to better clarify the
complex immunological aspects of this condition.

CLINICAL ASPECTS

Dual infection with HBV and HCV is usually first identi-
fied in clinical practice by serum positivity for HBsAg
and anti-HCV, although the subsequent detection of
viral genomes (particularly of HCV RNA) is essential for
proofing the current status of productive infection. In

the majority of the cases this finding is occasional and
it is impossible to date back to the time of the coinfec-
tion. Less frequently, there is a clinical history of acute
hepatitis that could be related to three different events: (1)
simultaneous HBV and HCV infections in a subject pre-
viously unexposed to both viruses**'; (2) HCV super-
infection occurring in a chronic HBsAg carrierms‘q; and
(3) HBV superinfection occurring in a chronically HCV
RNA positive patient[%’m]. Although all typical outcomes
of the acute hepatitis may be observed in each of these
three events (the acute hepatitis may result in fulminant
or subfulminant hepatitis or in chronic coinfection or in
complete recovery from one or both infections), indeed
in the majority of cases these three conditions present
substantial differences from clinical/virological points of
view. In fact, acute hepatitis in cases with simultaneous in-
fection often has a self-limiting, benign course with com-

[78-8

plete recovery from one or both infections !l whereas

the acute hepatitis due to superinfection frequently has a
severe and sometimes fatal course™ ", Moteover, in cases
of HCV superinfection, the pre-existing HBV - after an
initial phase of strong suppression of its activity - usually
goes back to being a productive chronic infection®™®
whereas in cases with HBV superinfection the HCV can
be suppressed and then cleared™™. The clinical pattern
of the chronic HBV/HCV coinfection is indistinguish-
able from that of a chronic monoinfection. The liver
histology from these patients does not show any peculiar
characteristic but the coexistence of the typical features
of HBV or HCV mono-infection such as lymphoid fol-
licles or ground-glass hepatocytesm. Moteover, studies
comparing the histological degree of liver damage be-
tween co-infected and mono-infected patients produced
conflicting results since some of them did not observe

90,91

any difference’™ ! whereas others reported a higher
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necroinflaimmatory activity and fibrosis progression in
cases with coinfection®"”"".

Much evidence indicates that HBV/HCV coinfection
has a more severe evolution in the long term compared
to HBV or HCV monoinfection. Indeed, several cross-
sectional studies found that coinfection is associated
with a higher prevalence of liver cirrhosis and hepatic
decompensation as compared with HBV or HCV mo-
noinfection "> Moteover, co-infection has been
associated with increased risk of progression of the liver
fibrosis and the establishment of cirrhosis”™™
independent predictor of HCC development
this context, however, it has to be mentioned that various

and is an
96,99-103
[96, ]. In

meta analysis performed over time have produced con-
trasting results concerning the risk of HCC occurrence
in the HBV/HCV coinfected population[%’m. In this
context, it has to be stressed that dually infected patients
are an extremely heterogeneous population and most of
the clinical studies performed so far did not examine the
differences among patients, either those concerning the
viruses (i.e., viral genotypes, main HBV genomic muta-
tions, activity status of one or both viruses, e«.) or those
regarding the host factors (i.e., presence of metabolic
syndrome, diabetes, alcohol intake, elt.)[ggl.

THERAPY

Despite the evident clinical importance of the chronic
HBV/HCV coinfection, the therapeutic studies focused
on these patients are still limited in number and often
also in methodological quality. Consequently, solid evi-

dence and clear guidelines for treatment of this special
population are still lacking. Nevertheless, some aspects
of primary importance for making proper therapeutic
decisions have been identified. In fact, it is well estab-
lished that the virological profiles must be defined in
each individual patient before starting any treatment to
verify whether one or both infections are active and thus
to identify the agent(s) likely responsible for the liver
damage and against which antiviral treatment should
be addressed”. This careful evaluation may allow the
identification of several different clinical/virological
conditions that may require particular therapeutic ap-
proachesm’m”. Obviously, HBsAg/anti-HCV patients
found to be persistently HCV RNA negative (indeed, a
minority of the cases) must be considered as HBV mo-
no-infected individuals, thus treated or not treated with
anti-HBV therapy on the basis of the active or inactive
status of the HBV infection. Similarly, HCV RNA posi-
tive patients with inactive HBV infection must be treated
like HCV mono-infected individuals. The therapeutic ap-
proach to patients with double active infection is much
more difficult, and indeed this important event has been
understudied so far!'". For many years these individuals
were considered a difficult to cure category of patients
since the first studies based on traditional IFN therapy
demonstrated very low chances of HCV eradication
whereas the HBV infection status has been taken into
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Table 2 Differences in relevant studies concerning the pegylated inteferon + ribavirin treatment of patients with hepatitis B virus/

hepatitis C virus dual infection

Severe HCV " HBV DNA detect- HBV DNA disappear- HBV DNA reappear-
R HCV RNA Anti-HBe y
ef., country Type of study n CH or  genotype .. able at baseline ance after therapy  ance after therapy
. . SVR positive
cirrhosis 1b (n) (m) ()
Senturk et al"™,  Retr tive,
enurk e CHOSPECIVE, 36 139%  100% 5%-6% 100% 0 Not reported Not reported
Turkey single center
Prospective,
Pothoff et al™,
ormottera multicenter, 19 105% 52% 93% 94.7% 6 2 4
Germany i
pilot study
Liu et al"™, P tive,
ueta TOSPECUVE 161 40.4% 60% 722%-82.8%  100% 81 47" 28
Taiwan multicenter
g > et [112]’ P ive,
Vigano et al rospective, 5 50% 50% 1% 100% 3 P2 4
Italy single center
Yu et al™, Retr tive,
e SRR 10% 60% 54% 88% 4 4 11
China single center

'18 hepatitis B virus surface antigen (HBsAg) seroclearance; *2 HBsAg seroclearance; °6 cases with undetectable hepatitis B virus (HBV) DNA at baseline

serocleared HBsAg after treatment. CH: Chronic hepatitis; SVR: Sustained virological response; HCV: Hepatitis C virus.

account very little"” "™, However, more recent studies
[despite their heterogeneity in terms of study popula-
tions and parameters evaluated (Table 2)] cleatly showed
that the combination of pegylated inteferon (PEG-
IFN) and ribavirine (RBV) has the same possibilities to
be effective in coinfected than in HCV monoinfected
individuals"*"". In fact, the PEG-IFN plus RBV thera-
peutic schedules for the HCV treatment are at present
identical in cases with coinfection and monoinfection (of
note, there are no data concerning the use of anti-HCV
direct antiviral agents in this special population). In this
context, one should consider that PEG-IFN may also
have an effect on the HBV. In fact there is evidence of
an increased possibility of HBsAg loss and HBeAg sero-
conversion during or off-treatment with PEG-IFN and
RBV in coinfected patients““’m]. The beneficial effects
of treatment appears to be stable up to five years, and
patients who responded to the treatment for the HCV
infection appear to have a high rate of HBsAg seroclear-
ance and a low recurrence rate of HCV infection in
the long term" . Nevertheless, in the large majority of
cases the HBV status is not modified by the anti-HCV
therapy, and this might explain the data from a recent
metanalysis showing that coinfected patients successfully
treated for HCV infection had a lower rate of end of
follow-up serum ALT normalization than monoinfected
patientsl“s]. In this context and also considering what is
reported in the above section “Virological Interactions”,
the possible fluctuating profile of the HBV DNA levels
also during the anti-HCV therapy should be taken into
account. In fact, these cases (as well as, of course, those
with persistently high levels of HBV viremia) must be
considered for treatment with a nucleot(s)ide analogue
(NA) to suppress the HBV replication and block the
HBV-induced liver injury, independently of a positive or
negative response to the anti-HCV treatment”™'""", How-
ever, no data are available and - very importantly - no
trial has been performed using a triple therapy (PEG-IFN
+ RBV + NA) for the treatment of the coinfection.
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CONCLUSION

In conclusion, HBV/HCV dual infection is a complex
clinical/virological entity. This co-infection appears to be
associated with the most severe forms of chronic liver
disease and it is an important risk factor for hepatocellu-
lar carcinoma development. Different, often dynamic vi-
rological profiles may be observed that are strictly related
with the activity of one or both the viruses overtime.
Thus, a careful longitudinal evaluation of the HBV and
HCV viremia levels is mandatory for a correct diagnosis
and proper therapeutic approach.

REFERENCES

1  World Health Organization Executive Board (2009). Viral
hepatitis. Report by the Secretariat. EB126/15, 12 Novem-
ber 2009. Available from: URL: http://apps.who.int/gb/
ebwha/pdf_files/EB126/B126_15-en.pdf

2 World Health Organization. Prevention and control of viral
hepatitis infection. Framework for global action. Available
from: URL: http:/ /www.who.int/csr/disease/hepatitis/
GHP_Framework_En.pdf

3 Perz JF, Armstrong GL, Farrington LA, Hutin Y], Bell BP.
The contributions of hepatitis B virus and hepatitis C virus
infections to cirrhosis and primary liver cancer worldwide. |
Hepatol 2006; 45: 529-538 [PMID: 16879891]

4 Tyson GL, Kramer JR, Duan Z, Davila JA, Richardson PA,
El-Serag HB. Prevalence and predictors of hepatitis B virus
coinfection in a United States cohort of hepatitis C virus-in-
fected patients. Hepatology 2013; 58: 538-545 [PMID: 23505059
DOI: 10.1002/ hep.26400]

5 Raimondo G, Allain JP, Brunetto MR, Buendia MA, Chen
DS, Colombo M, Craxi A, Donato F, Ferrari C, Gaeta GB,
Gerlich WH, Levrero M, Locarnini S, Michalak T, Mondelli
MU, Pawlotsky JM, Pollicino T, Prati D, Puoti M, Samuel D,
Shouval D, Smedile A, Squadrito G, Trépo C, Villa E, Will H,
Zanetti AR, Zoulim F. Statements from the Taormina expert
meeting on occult hepatitis B virus infection. | Hepatol 2008;
49: 652-657 [PMID: 18715666 DOI: 10.1016/j.jhep.2008.07.014]

6 Cacciola I, Pollicino T, Squadrito G, Cerenzia G, Orlando
ME, Raimondo G. Occult hepatitis B virus infection in
patients with chronic hepatitis C liver disease. N Engl
J Med 1999; 341: 22-26 [PMID: 10387938 DOI: 10.1056/
NEJM199907013410104]

14563 October 28, 2014 | Volume 20 | Issue 40 |



10

11

12

13

14

15

16

17

18

19

20

21

22

JRaishideng®

Caccamo G et a/. HBV and HCV co-infection

Torbenson M, Thomas DL. Occult hepatitis B. Lancet In-
fect Dis 2002; 2: 479-486 [PMID: 12150847 DOI: 10.1016/
51473-3099(02)00345-6]

Raimondo G, Cacciamo G, Saitta C. Hepatitis B virus and
hepatitis C virus co-infection: additive players in chronic
liver disease? Ann Hepatol 2005; 4: 100-106 [PMID: 16010242]
Bini EJ, Perumalswami PV. Hepatitis B virus infection
among American patients with chronic hepatitis C virus in-
fection: prevalence, racial/ethnic differences, and viral inter-
actions. Hepatology 2010; 51: 759-766 [PMID: 20140950 DOI:
10.1002/hep.23461]

Siddiqui F, Mutchnick M, Kinzie ], Peleman R, Naylor P,
Ehrinpreis M. Prevalence of hepatitis A virus and hepatitis B
virus immunity in patients with polymerase chain reaction-
confirmed hepatitis C: implications for vaccination strategy.
Am | Gastroenterol 2001; 96: 858-863 [PMID: 11280565 DOI:
10.1111/j.1572-0241.2001.03633.x]

Fong TL, Di Bisceglie AM, Waggoner JG, Banks SM, Hoof-
nagle JH. The significance of antibody to hepatitis C virus in
patients with chronic hepatitis B. Hepatology 1991; 14: 64-67
[PMID: 1648540 DOI: 10.1002/hep.1840140111]

Chen X, Xuan M, Wu D. [Study of superinfection of HBV
and HCV]. Zhonghua Liu Xing Bing Xue Zazhi 1999; 20:
141-143 [PMID: 10682522]

Li W, Zhu Y, Hua Z. [Exploration on the association between
the pattern of HBV markers and infection of HCV among
population]. Zhonghua Liu Xing Bing Xue Zazhi 1994; 15:
212-214 [PMID: 7530602]

Tsatsralt-Od B, Takahashi M, Endo K, Agiimaa D, Buy-
ankhuu O, Ninomiya M, Lorenzo FR, Okamoto H. Preva-
lence of hepatitis B, C, and delta virus infections among
children in Mongolia: progress in childhood immunization. |
Med Virol 2007; 79: 1064-1074 [PMID: 17596839 DOI: 10.1002/
jmv.20867]

Tsatsralt-Od B, Takahashi M, Nishizawa T, Endo K, Inoue
J, Okamoto H. High prevalence of dual or triple infection of
hepatitis B, C, and delta viruses among patients with chronic
liver disease in Mongolia. ] Med Virol 2005; 77: 491-499 [PMID:
16254981]

Liaw YF. Role of hepatitis C virus in dual and triple hepa-
titis virus infection. Hepatology 1995; 22: 1101-1108 [PMID:
7557857 DOI: 10.1002/hep.1840220413]

Dai CY, Yu ML, Chuang WL, Lin ZY, Chen SC, Hsieh MY,
Wang LY, Tsai JF, Chang WY. Influence of hepatitis C virus
on the profiles of patients with chronic hepatitis B virus
infection. | Gastroenterol Hepatol 2001; 16: 636-640 [PMID:
11422616 DOI: 10.1046/].1440-1746.2001.02494.x]

Chan CY, Lee SD, Wu JC, Hwang SJ, Wang Y], Huang YS,
Lo KJ. Superinfection with hepatitis C virus in patients with
symptomatic chronic hepatitis B. Scand | Infect Dis 1991; 23:
421-424 [PMID: 1659736 DOI: 10.3109/00365549109075089]
Sato S, Fujiyama S, Tanaka M, Yamasaki K, Kuramoto I,
Kawano S, Sato T, Mizuno K, Nonaka S. Coinfection of hepa-
titis C virus in patients with chronic hepatitis B infection.
J Hepatol 1994; 21: 159-166 [PMID: 7527435 DOI: 10.1016/
S0168-8278(05)80389-7]

Ohkawa K, Hayashi N, Yuki N, Hagiwara H, Kato M, Yama-
moto K, Eguchi H, Fusamoto H, Masuzawa M, Kamada T.
Hepatitis C virus antibody and hepatitis C virus replication
in chronic hepatitis B patients. | Hepatol 1994; 21: 509-514
[PMID: 7529271 DOI: 10.1016/S0168-8278(94)80094-4]
Saravanan S, Velu V, Nandakumar S, Madhavan V, Shan-
mugasundaram U, Murugavel KG, Balakrishnan P, Kuma-
rasamy N, Solomon S, Thyagarajan SP. Hepatitis B virus and
hepatitis C virus dual infection among patients with chronic
liver disease. | Microbiol Immunol Infect 2009; 42: 122-128
[PMID: 19597643]

Chakravarti A, Verma V, Jain M, Kar P. Characteristics of
dual infection of hepatitis B and C viruses among patients
with chronic liver disease: a study from tertiary care hospi-

WJG | www.wjgnet.com

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

14564

tal. Trop Gastroenterol 2005; 26: 183-187 [PMID: 16737047]
Semnani S, Roshandel G, Abdolahi N, Besharat S, Keshtkar
AA, Joshaghani H, Moradi A, Kalavi K, Jabbari A, Kabir M],
Hosseini SA, Sedagat SM, Danesh A, Roshandel D. Hepatitis
B/C virus co-infection in Iran: a seroepidemiological study.
Turk | Gastroenterol 2007; 18: 20-21 [PMID: 17450490]

Murad EA, Babiker SM, Gasim GI, Rayis DA, Adam I. Epi-
demiology of hepatitis B and hepatitis C virus infections in
pregnant women in Sana’a, Yemen. BMC Pregnancy Child-
birth 2013; 13: 127 [PMID: 23758990 DOI: 10.1186/1471-2393-
13-127]

Gaeta GB, Stornaiuolo G, Precone DF, Lobello S, Chiara-
monte M, Stroffolini T, Colucci G, Rizzetto M. Epidemio-
logical and clinical burden of chronic hepatitis B virus/
hepatitis C virus infection. A multicenter Italian study. |
Hepatol 2003; 39: 1036-1041 [PMID: 14642623 DOI: 10.1016/
50168-8278(03)00470-7]

Di Marco V, Lo Iacono O, Camma C, Vaccaro A, Giunta M,
Martorana G, Fuschi P, Almasio PL, Craxi A. The long-term
course of chronic hepatitis B. Hepatology 1999; 30: 257-264
[PMID: 10385664 DOI: 10.1002/hep.510300109]

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. | Infect Dis 1991; 163:
400-402 [PMID: 1846394 DOI: 10.1093/ infdis/163.2.400]
Crespo J, Lozano JL, de la Cruz F, Rodrigo L, Rodriguez M,
San Miguel G, Artifiano E, Pons-Romero F. Prevalence and
significance of hepatitis C viremia in chronic active hepatitis
B. Am | Gastroenterol 1994; 89: 1147-1151 [PMID: 8053425]
Voiculescu M, Iliescu L, Ionescu C, Micu L, Ismail G, Zilis-
teanu D, Radasan A, Micu G, Pertache I. A cross-sectional
epidemiological study of HBV, HCV, HDV and HEV preva-
lence in the SubCarpathian and South-Eastern regions of
Romania. | Gastrointestin Liver Dis 2010; 19: 43-48 [PMID:
20361074]

Deterding K, Pothakamuri SV, Schlaphoff V, Hadem J,
Metzler F, Bahr MJ, Manns MP, Cornberg M, Wedemeyer
H. Clearance of chronic HCV infection during acute delta
hepatitis. Infection 2009; 37: 159-162 [PMID: 18084714 DOI:
10.1007/s15010-007-7204-7]

Eyster ME, Sanders JC, Battegay M, Di Bisceglie AM. Sup-
pression of hepatitis C virus (HCV) replication by hepatitis
D virus (HDV) in HIV-infected hemophiliacs with chronic
hepatitis B and C. Dig Dis Sci 1995; 40: 1583-1588 [PMID:
7628288 DOI: 10.1007/ BF02285214]

Bhasin D, Zhang X, Ward SC, Chang CY. A case of qua-
druple viral infections and elevated aminotransferase activi-
ties. Semin Liver Dis 2012; 32: 262-266 [PMID: 22932975 DOI:
10.1055/s-0032-1323632]

Maida I, Rios M]J, Pérez-Saleme L, Ramos B, Soriano V, Pe-
gram PS, Mura MS, Sanchez-Margalet V, Saldivar-Cornejo
I, Wilkin A, Babudieri S, Nufiez M. Profile of patients triply
infected with HIV and the hepatitis B and C viruses in the
HAART era. AIDS Res Hum Retroviruses 2008; 24: 679-683
[PMID: 18462085 DOI: 10.1089/aid.2007.0240]

Lee CY, Tsai HC, Lee SS, Wu KS, Sy CL, Chen JK, Chen YS.
Higher rate of hepatitis events in patients with human im-
munodeficiency virus, hepatitis B, and hepatitis D genotype
II infection: A cohort study in a medical center in southern
Taiwan. | Microbiol Immunol Infect 2013; Epub ahead of print
[PMID: 24064291 DOI: 10.1016/].jmii.2013.08.001]

Ganem D, Prince AM. Hepatitis B virus infection--natural
history and clinical consequences. N Engl | Med 2004; 350:
1118-1129 [PMID: 15014185]

Wieland SF, Spangenberg HC, Thimme R, Purcell RH,
Chisari FV. Expansion and contraction of the hepatitis B
virus transcriptional template in infected chimpanzees. Proc
Natl Acad Sci USA 2004; 101: 2129-2134 [PMID: 14764900
DOI: 10.1073/ pnas.0308478100]

Werle-Lapostolle B, Bowden S, Locarnini S, Wursthorn K,

October 28, 2014 | Volume 20 | Issue 40 |



38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

JRaishideng®

Petersen ], Lau G, Trepo C, Marcellin P, Goodman Z, Del-
aney WE, Xiong S, Brosgart CL, Chen SS, Gibbs CS, Zoulim F.
Persistence of cccDNA during the natural history of chronic
hepatitis B and decline during adefovir dipivoxil therapy.
Gastroenterology 2004; 126: 1750-1758 [PMID: 15188170 DOI:
10.1053 /j.gastro.2004.03.018]

Levrero M, Pollicino T, Petersen ], Belloni L, Raimondo G,
Dandri M. Control of cccDNA function in hepatitis B virus
infection. ] Hepatol 2009; 51: 581-592 [PMID: 19616338 DOI:
10.1016/j.jhep.2009.05.022]

Zoulim F. New insight on hepatitis B virus persistence from
the study of intrahepatic viral cccDNA. | Hepatol 2005; 42:
302-308 [PMID: 15710212]

Pollicino T, Squadrito G, Cerenzia G, Cacciola I, Raffa G,
Craxi A, Farinati F, Missale G, Smedile A, Tiribelli C, Villa E,
Raimondo G. Hepatitis B virus maintains its pro-oncogenic
properties in the case of occult HBV infection. Gastroenter-
ology 2004; 126: 102-110 [PMID: 14699492 DOI: 10.1053/
j-gastro.2003.10.048]

Neuveut C, Wei Y, Buendia MA. Mechanisms of HBV-relat-
ed hepatocarcinogenesis. | Hepatol 2010; 52: 594-604 [PMID:
20185200 DOI: 10.1016/j.jhep.2009.10.033.7]

Pollicino T, Saitta C, Raimondo G. Hepatocellular carcino-
ma: the point of view of the hepatitis B virus. Carcinogenesis
2011; 32: 1122-1132 [PMID: 21665892 DOI: 10.1093/ carcin/
bgr108]

Robertson B, Myers G, Howard C, Brettin T, Bukh J,
Gaschen B, Gojobori T, Maertens G, Mizokami M, Nainan
O, Netesov S, Nishioka K, Shin i T, Simmonds P, Smith D,
Stuyver L, Weiner A. Classification, nomenclature, and da-
tabase development for hepatitis C virus (HCV) and related
viruses: proposals for standardization. International Com-
mittee on Virus Taxonomy. Arch Virol 1998; 143: 2493-2503
[PMID: 9930205]

Penin F. Structural biology of hepatitis C virus. Clin
Liver Dis 2003; 7: 1-21, vii [PMID: 12691456 DOI: 10.1016/
51089-3261(02)00066-1]

Lauer GM, Walker BD. Hepatitis C virus infection. N Engl |
Med 2001; 345: 41-52 [PMID: 11439948]

Thomson M, Liang TJ. Molecular biology of hepati-
tis C virus. In: Liang TJ, Hoofnagle J, editors. Hepatitis
C. Boston: Academic Press, 2000: 1-23 [DOI: 10.1016/
S51874-5326(00)80005-8]

Farci P. New insights into the HCV quasispecies and com-
partmentalization. Semin Liver Dis 2011; 31: 356-374 [PMID:
22189976 DOI: 10.1055/5-0031-1297925]

Pawlotsky JM. Hepatitis C virus genetic variability: patho-
genic and clinical implications. Clin Liver Dis 2003; 7: 45-66
[PMID: 12691458 DOI: 10.1016/51089-3261(02)00065-X]
Orland JR, Wright TL, Cooper S. Acute hepatitis C. Hepa-
tology 2001; 33: 321-327 [PMID: 11172332 DOI: 10.1053/
jhep.2001.22112]

Shih CM, Lo S], Miyamura T, Chen SY, Lee YH. Suppression
of hepatitis B virus expression and replication by hepatitis C
virus core protein in HuH-7 cells. | Virol 1993; 67: 5823-5832
[PMID: 8396658]

Shih CM, Chen CM, Chen SY, Lee YH. Modulation of the
trans-suppression activity of hepatitis C virus core protein
by phosphorylation. | Virol 1995; 69: 1160-1171 [PMID:
7815494]

Schiittler CG, Fiedler N, Schmidt K, Repp R, Gerlich WH,
Schaefer S. Suppression of hepatitis B virus enhancer 1 and 2
by hepatitis C virus core protein. ] Hepatol 2002; 37: 855-862
[PMID: 12445429 DOI: 10.1016/S0168-8278(02)00296-9]

Chen SY, Kao CF, Chen CM, Shih CM, Hsu M], Chao CH,
Wang SH, You LR, Lee YH. Mechanisms for inhibition of
hepatitis B virus gene expression and replication by hepatitis
C virus core protein. | Biol Chem 2003; 278: 591-607 [PMID:
12401801 DOI: 10.1074 /jbc.M204241200]

Guo H, Zhou T, Jiang D, Cuconati A, Xiao GH, Block TM,

WJG | www.wjgnet.com

14565

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

Caccamo G et a/. HBV and HCV co-infection

Guo JT. Regulation of hepatitis B virus replication by the
phosphatidylinositol 3-kinase-akt signal transduction path-
way. ] Virol 2007; 81: 10072-10080 [PMID: 17609269]

Pan Y, Wei W, Kang L, Wang Z, Fang ], Zhu Y, Wu J. NS5A
protein of HCV enhances HBV replication and resistance to
interferon response. Biochem Biophys Res Commun 2007; 359:
70-75 [PMID: 17532300 DOI: 10.1016/j.bbrc.2007.05.052]

Eyre NS, Phillips R], Bowden S, Yip E, Dewar B, Locarnini
SA, Beard MR. Hepatitis B virus and hepatitis C virus in-
teraction in Huh-7 cells. | Hepatol 2009; 51: 446-457 [PMID:
19596477 DOI: 10.1016/j.jhep.2009.04.025]

Bellecave P, Gouttenoire ], Gajer M, Brass V, Koutsoudakis G,
Blum HE, Bartenschlager R, Nassal M, Moradpour D. Hepa-
titis B and C virus coinfection: a novel model system reveals
the absence of direct viral interference. Hepatology 2009; 50:
46-55 [PMID: 19333911 DOI: 10.1002/hep.22951]
Rodriguez-Iiiigo E, Bartolomé J, Ortiz-Movilla N, Platero C,
Loépez-Alcorocho JM, Pardo M, Castillo I, Carrefio V. Hepa-
titis C virus (HCV) and hepatitis B virus (HBV) can coinfect
the same hepatocyte in the liver of patients with chronic
HCV and occult HBV infection. | Virol 2005; 79: 15578-15581
[PMID: 16306629]

Zoulim F. Does occult HBV infection have an impact on the
evolution of chronic hepatitis C? | Hepatol 2013; 59: 646-647
[PMID: 23867311 DOI: 10.1016/j.jhep.2013.07.008]

Pontisso P, Ruvoletto MG, Fattovich G, Chemello L, Gal-
lorini A, Ruol A, Alberti A. Clinical and virological profiles
in patients with multiple hepatitis virus infections. Gastroen-
terology 1993; 105: 1529-1533 [PMID: 8224658 DOI: 10.1016/0
016-5085(93)90161-5]

Zarski JP, Bohn B, Bastie A, Pawlotsky JM, Baud M, Bost-
Bezeaux F, Tran van Nhieu ], Seigneurin JM, Buffet C,
Dhumeaux D. Characteristics of patients with dual infection
by hepatitis B and C viruses. | Hepatol 1998; 28: 27-33 [PMID:
9537860]

Ohkawa K, Hayashi N, Yuki N, Masuzawa M, Kato M,
Yamamoto K, Hosotsubo H, Deguchi M, Katayama K, Kasa-
hara A. Long-term follow-up of hepatitis B virus and hepa-
titis C virus replicative levels in chronic hepatitis patients
coinfected with both viruses. | Med Virol 1995; 46: 258-264
[PMID: 7561800 DOI: 1002/jmv.1890460316]

Nguyen LH, Ko S, Wong SS, Tran PS, Trinh HN, Garcia RT,
Ahmed A, Lutchman GA, Keeffe EB, Nguyen MH. Ethnic
differences in viral dominance patterns in patients with
hepatitis B virus and hepatitis C virus dual infection. Hepa-
tology 2011; 53: 1839-1845 [PMID: 21425314 DOI: 10.1002/
hep.24308]

Raimondo G, Brunetto MR, Pontisso P, Smedile A, Maina
AM, Saitta C, Squadrito G, Tono N. Longitudinal evaluation
reveals a complex spectrum of virological profiles in hepati-
tis B virus/hepatitis C virus-coinfected patients. Hepatology
2006; 43: 100-107 [PMID: 16323213 DOI: 10.1002/hep.20944]
Davis GL, Hoofnagle JH, Waggoner JG. Spontaneous reacti-
vation of chronic hepatitis B virus infection. Gastroenterology
1984; 86: 230-235 [PMID: 6690350]

Davis GL, Hoofnagle JH. Reactivation of chronic type B
hepatitis presenting as acute viral hepatitis. Ann Intern Med
1985; 102: 762-765 [PMID: 3994187 DOI: 10.7326/0003-4819-1
02-6-762]

Raimondo G, Rodind G, Smedile V, Brancatelli S, Villari D,
Longo G, Squadrito G. Hepatitis B virus (HBV) markers and
HBV-DNA in serum and liver tissue of patients with acute
exacerbation of chronic type B hepatitis. ] Hepatol 1990; 10:
271-273 [PMID: 2365978]

Raimondo G, Schneider R, Stemler M, Smedile V, Rodino
G, Will H. A new hepatitis B virus variant in a chronic car-
rier with multiple episodes of viral reactivation and acute
hepatitis. Virology 1990; 179: 64-68 [PMID: 2219740 DOI:
10.1016/0042-6822(90)90274-U]

Arase Y, Ikeda K, Chayama K, Murashima N, Tsubota A,

October 28, 2014 | Volume 20 | Issue 40 |



70

71

72

73

74

75

76

77

78

79

80

81

82

83

JRaishideng®

Caccamo G et a/. HBV and HCV co-infection

Suzuki Y, Saitoh S, Kobayashi M, Kobayashi M, Suzuki F,
Kumada H. Fluctuation patterns of HCV-RNA serum level
in patients with chronic hepatitis C. ] Gastroenterol 2000; 35:
221-225 [PMID: 10755692 DOI: 10.1007 / s005350050334]
Halfon P, Bourliere M, Halimi G, Khiri H, Bertezene P,
Portal I, Botta-Fridlund D, Gauthier AP, Jullien M, Feryn
JM, Gerolami V, Cartouzou G. Assessment of spontaneous
fluctuations of viral load in untreated patients with chronic
hepatitis C by two standardized quantitation methods:
branched DNA and Amplicor Monitor. | Clin Microbiol 1998;
36: 2073-2075 [PMID: 9650965]

Pontisso P, Bellati G, Brunetto M, Chemello L, Colloredo
G, Di Stefano R, Nicoletti M, Rumi MG, Ruvoletto MG, Sof-
fredini R, Valenza LM, Colucci G. Hepatitis C virus RNA
profiles in chronically infected individuals: do they relate
to disease activity? Hepatology 1999; 29: 585-589 [PMID:
9918939]

Chuang WL, Dai CY, Chang WY, Lee LP, Lin ZY, Chen SC,
Hsieh MY, Wang LY, Yu ML. Viral interaction and responses
in chronic hepatitis C and B coinfected patients with inter-
feron-alpha plus ribavirin combination therapy. Antivir Ther
2005; 10: 125-133 [PMID: 15751770]

Alberti A, Pontisso P, Chemello L, Fattovich G, Benvegnui L,
Belussi F, De Mitri MS. The interaction between hepatitis B
virus and hepatitis C virus in acute and chronic liver disease.
] Hepatol 1995; 22: 38-41 [PMID: 7602074]

Raimondo G, Saitta C. Treatment of the hepatitis B virus
and hepatitis C virus co-infection: still a challenge for the
hepatologist. ] Hepatol 2008; 49: 677-679 [PMID: 18804888
DOI: 10.1016/j.jhep.2008.08.003]

Saitta C, Pontisso P, Brunetto MR, Fargion S, Gaeta GB,
Niro GA, Picciotto A, Smedile A, Squadrito G, Raimondo
G. Virological profiles in hepatitis B virus/hepatitis C virus
coinfected patients under interferon plus ribavirin therapy.
Antivir Ther 2006; 11: 931-934 [PMID: 17302256]

Urbani S, Boni C, Amadei B, Fisicaro P, Cerioni S, Valli
MA, Missale G, Ferrari C. Acute phase HBV-specific T cell
responses associated with HBV persistence after HBV/HCV
coinfection. Hepatology 2005; 41: 826-831 [PMID: 15726541
DOI: 10.1002/hep.20614]

Boni C, Amadei B, Urbani S, Fisicaro P, Zerbini A, Mori
C, Missale G, Bertoni R, Azzurri A, Del Prete G, Ferrari C.
Antiviral CD8-mediated responses in chronic HCV carriers
with HBV superinfection. Hepatology 2004; 40: 289-299 [PMID:
15368433]

Chen SW, Lee TS, Hu CC, Chang LC, Chien RN. Simultane-
ously acute hepatitis B virus and C virus coinfection and
subsequent chronic hepatitis C. Scand | Infect Dis 2007; 39:
351-354 [PMID: 17454901 DOI: 10.1080/00365540600951358]
Mimms LT, Mosley JW, Hollinger FB, Aach RD, Stevens CE,
Cunningham M, Vallari DV, Barbosa LH, Nemo GJ. Effect
of concurrent acute infection with hepatitis C virus on acute
hepatitis B virus infection. BMJ 1993; 307: 1095-1097 [PMID:
8251805]

Kaiser IH, Perry G, Yoonessi M. Acquired hypertrichosis
lanuginosa associated with endometrial malignancy. Obstet
Guynecol 1976; 47: 479-482 [PMID: 1256731]

Chu CM, Liaw YF. Simultaneous acute hepatitis B virus and
hepatitis C virus infection leading to fulminant hepatitis
and subsequent chronic hepatitis C. Clin Infect Dis 1995; 20:
703-705 [PMID: 7756500 DOI: 10.1093/ clinids/20.3.703]
Liaw YF, Chen YC, Sheen IS, Chien RN, Yeh CT, Chu CM.
Impact of acute hepatitis C virus superinfection in patients
with chronic hepatitis B virus infection. Gastroenterology
2004; 126: 1024-1029 [PMID: 15057742]

Akuta N, Suzuki F, Kobayashi M, Tsubota A, Suzuki Y,
Hosaka T, Someya T, Kobayashi M, Saitoh S, Arase Y, Ikeda
K, Kumada H. Effect of acute self-limited hepatitis C virus
(HCV) superinfection on hepatitis B virus (HBV)-related cir-
rhosis. Virological features of HBV-HCV dual infection. Dig

WJG | www.wjgnet.com

14566

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

Dis Sci 2004; 49: 281-288 [PMID: 15104371]

Sagnelli E, Coppola N, Marrocco C, Onofrio M, Sagnelli C,
Coviello G, Scolastico C, Filippini P. Hepatitis C virus super-
infection in hepatitis B virus chronic carriers: a reciprocal vi-
ral interaction and a variable clinical course. | Clin Virol 2006;
35: 317-320 [PMID: 16316779 DOI: 10.1016/j.jcv.2005.10.006]
Rodriguez M, Navascués CA, Martinez A, Sudrez A, So-
torrio NG, Cimadevilla R, Linares A, Pérez R, Rodrigo L.
Hepatitis C virus infection in patients with acute hepatitis B.
Infection 1992; 20: 316-319 [PMID: 1284057]

Jessner W, Strasser M, Graziadei I, Berr F, Vogel W. Sus-
tained remission of chronic hepatitis C after acute hepatitis
B superinfection. Scand | Infect Dis 2006; 38: 818-821 [PMID:
16938741 DOI: 10.1080/00365540600606523]

Coffin CS, Mulrooney-Cousins PM, Lee SS, Michalak
TI, Swain MG. Profound suppression of chronic hepa-
titis C following superinfection with hepatitis B virus.
Liver Int 2007; 27: 722-726 [PMID: 17498260 DOI: 10.1111/
j.1478-3231.2007.01477 ]

Sagnelli E, Coppola N, Pisaturo M, Masiello A, Tonziello
G, Sagnelli C, Messina V, Filippini P. HBV superinfection in
HCV chronic carriers: a disease that is frequently severe but
associated with the eradication of HCV. Hepatology 2009; 49:
1090-1097 [PMID: 19263473 DOI: 10.1002/hep.22794]

Biliotti E, Kondili LA, Furlan C, Ferretti G, Zacharia S, De
Angelis M, Guidi S, Gusman N, Taliani G. Acute hepatitis B
in patients with or without underlying chronic HCV infec-
tion. | Infect 2008; 57: 152-157 [PMID: 18538412 DOI: 10.1016/
jjinf.2008.04.006]

Villari D, Pernice M, Spinella S, Squadrito G, Rodino G,
Brancatelli S, Longo G, Raimondo G. Chronic hepatitis in
patients with active hepatitis B virus and hepatitis C virus
combined infections: a histological study. Am | Gastroenterol
1995; 90: 955-958 [PMID: 7771429]

Colombari R, Dhillon AP, Piazzola E, Tomezzoli AA, Ange-
lini GP, Capra F, Tomba A, Scheuer PJ. Chronic hepatitis in
multiple virus infection: histopathological evaluation. His-
topathology 1993; 22: 319-325 [PMID: 8514275 DOI: 10.1111/
j-1365-2559.1993.tb00130.x]

Sagnelli E, Coppola N, Scolastico C, Filippini P, Santantonio
T, Stroffolini T, Piccinino F. Virologic and clinical expres-
sions of reciprocal inhibitory effect of hepatitis B, C, and
delta viruses in patients with chronic hepatitis. Hepatology
2000; 32: 1106-1110 [PMID: 11050062]

Lee LP, Dai CY, Chuang WL, Chang WY, Hou NJ, Hsieh
MY, Lin ZY, Chen SC, Hsieh MY, Wang LY, Chen TJ, Yu
ML. Comparison of liver histopathology between chronic
hepatitis C patients and chronic hepatitis B and C-coinfected
patients. | Gastroenterol Hepatol 2007; 22: 515-517 [PMID:
17376043]

Sagnelli E, Pasquale G, Coppola N, Scarano F, Marrocco C,
Scolastico C, Santantonio T, Gentile A, Piccinino F. Influence
of chronic coinfection with hepatitis B and C virus on liver
histology. Infection 2004; 32: 144-148 [PMID: 15188073]
Mohamed Ael S, al Karawi MA, Mesa GA. Dual infection
with hepatitis C and B viruses: clinical and histological study
in Saudi patients. Hepatogastroenterology 1997; 44: 1404-1406
[PMID: 9356863]

Donato F, Boffetta P, Puoti M. A meta-analysis of epidemio-
logical studies on the combined effect of hepatitis B and C
virus infections in causing hepatocellular carcinoma. Int |
Cancer 1998; 75: 347-354 [PMID: 9455792 DOI: 10.1002/ (SICI)
1097-0215(19980130)75]

Cho LY, Yang JJ, Ko KP, Park B, Shin A, Lim MK, Oh JK,
Park S, Kim Y], Shin HR, Yoo KY, Park SK. Coinfection of
hepatitis B and C viruses and risk of hepatocellular carcino-
ma: systematic review and meta-analysis. Int | Cancer 2011;
128: 176-184 [PMID: 20232388 DOI: 10.1002/jc.25321]
European Association For The Study Of The Liver. EASL
clinical practice guidelines: Management of chronic hepatitis

October 28, 2014 | Volume 20 | Issue 40 |



99

100

101

102

103

104

105

106

107

108

JBaishideng®

B virus infection. | Hepatol 2012; 57: 167-185 [PMID: 22436845
DOI: 10.1016/j.jhep.2012.02.010]

Huang YT, Jen CL, Yang HI, Lee MH, Su ], Lu SN, Iloeje
UH, Chen CJ. Lifetime risk and sex difference of hepatocel-
lular carcinoma among patients with chronic hepatitis B and
C. J Clin Oncol 2011; 29: 3643-3650 [PMID: 21859997 DOI:
10.1200/JC0O.2011.36.2335]

Kaklamani E, Trichopoulos D, Tzonou A, Zavitsanos X,
Koumantaki Y, Hatzakis A, Hsieh CC, Hatziyannis S. Hepa-
titis B and C viruses and their interaction in the origin of
hepatocellular carcinoma. JAMA 1991; 265: 1974-1976 [PMID:
1848908]

Italian Association for the Study of the Liver; Italian Society
of Infectious, Tropical Diseases; Italian Society for the Study
of Sexually Transmitted Diseases. Practice guidelines for the
treatment of hepatitis C: recommendations from an AISF/
SIMIT/SIMAST Expert Opinion Meeting. Dig Liver Dis 2010;
42: 81-91 [PMID: 19748329 DOI: 10.1016/j.d1d.2009.08.001]
Aghemo A, Colombo M. Treatment of patients with dual
hepatitis B and C: a step in the right direction. Gut 2014; 63:
380-381 [PMID: 23921890 DOI: 10.1136/ gutjnl-2013-305115]
Weltman MD, Brotodihardjo A, Crewe EB, Farrell GC, Bi-
lous M, Grierson JM, Liddle C. Coinfection with hepatitis B
and C or B, C and delta viruses results in severe chronic liver
disease and responds poorly to interferon-alpha treatment. |
Viral Hepat 1995; 2: 39-45 [PMID: 7493293]

Guptan RC, Thakur V, Raina V, Sarin SK. Alpha-interferon
therapy in chronic hepatitis due to active dual infection with
hepatitis B and C viruses. ] Gastroenterol Hepatol 1999; 14:
893-898 [PMID: 10535471]

Villa E, Grottola A, Buttafoco P, Colantoni A, Bagni A, Fer-
retti I, Cremonini C, Bertani H, Manenti F. High doses of
alpha-interferon are required in chronic hepatitis due to
coinfection with hepatitis B virus and hepatitis C virus: long
term results of a prospective randomized trial. Am | Gastro-
enterol 2001; 96: 2973-2977 [PMID: 11693335]

Liu CJ, Chen PJ, Lai MY, Kao JH, Jeng YM, Chen DS. Ribavi-
rin and interferon is effective for hepatitis C virus clearance
in hepatitis B and C dually infected patients. Hepatology 2003;
37: 568-576 [PMID: 12601355]

Hung CH, Lee CM, Lu SN, Wang JH, Tung HD, Chen CH,
Changchien CS. Combination therapy with interferon-alpha
and ribavirin in patients with dual hepatitis B and hepatitis
C virus infection. ] Gastroenterol Hepatol 2005; 20: 727-732
[PMID: 15853986]

Rautou PE, Asselah T, Saadoun D, Martinot M, Valla D,
Marcellin P. Hepatitis C virus eradication followed by

WJG | www.wjgnet.com

109

110

111

112

113

114

115

14567

Caccamo G et a/. HBV and HCV co-infection

HBeAg to anti-HBe seroconversion after pegylated interfer-
on-alpha2b plus ribavirin treatment in a patient with hepa-
titis B and C coinfection. Eur | Gastroenterol Hepatol 2006; 18:
1019-1022 [PMID: 16894318]

Senturk H, Tahan V, Canbakan B, Uraz S, Ulger Y, Ozaras
R, Tabak F, Mert A, Ozbay G. Chronic hepatitis C responds
poorly to combination therapy in chronic hepatis B carriers.
Neth ] Med 2008; 66: 191-195 [PMID: 18490796]

Potthoff A, Wedemeyer H, Boecher WO, Berg T, Zeuzem S,
Arnold ], Spengler U, Gruengreiff K, Kaeser T, Schuchmann
M, Bergk A, Forestier N, Deterding K, Manns MP, Traut-
wein C. 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. | Hepatol 2008; 49: 688-694 [PMID: 18490077
DOI: 10.1016/j.jhep.2008.03.028]

Liu CJ, Chuang WL, Lee CM, Yu ML, Lu SN, Wu SS, Liao
LY, Chen CL, Kuo HT, Chao YC, Tung SY, Yang SS, Kao
JH, Liu CH, Su WW, Lin CL, Jeng YM, Chen PJ, Chen DS.
Peginterferon alfa-2a plus ribavirin for the treatment of dual
chronic infection with hepatitis B and C viruses. Gastroenter-
ology 2009; 136: 496-504.e3 [PMID: 19084016 DOI: 10.1053/
j.gastro.2008.10.049]

Vigano M, Aghemo A, lavarone M, Rumi MG, Agnelli F,
Lampertico P, Donato MF, Colombo M. The course of inac-
tive hepatitis B in hepatitis-C-coinfected patients treated
with interferon and ribavirin. Antivir Ther 2009; 14: 789-796
[PMID: 19812441 DOI: 10.3851/IMP1284]

Yu JW, Sun L], Zhao YH, Kang P, Gao J, Li SC. Analysis
of the efficacy of treatment with peginterferon alpha-2a
and ribavirin in patients coinfected with hepatitis B virus
and hepatitis C virus. Liver Int 2009; 29: 1485-1493 [PMID:
19602134 DOI: 10.1111/}.1478-3231.2009.02080.x]

Yu ML, Lee CM, Chen CL, Chuang WL, Lu SN, Liu CH, Wu
SS, Liao LY, Kuo HT, Chao YC, Tung SY, Yang SS, Kao JH,
Su WW, Lin CL, Yang HC, Chen PJ, Chen DS, Liu CJ. Sus-
tained hepatitis C virus clearance and increased hepatitis B
surface antigen seroclearance in patients with dual chronic
hepatitis C and B during posttreatment follow-up. Hepatol-
ogy 2013; 57: 2135-2142 [PMID: 23322699 DOI: 10.1002/
hep.26266]

Liu JY, Sheng Y], Hu HD, Zhong Q, Wang J, Tong SW, Zhou
Z, Zhang DZ, Hu P, Ren H. The influence of hepatitis B virus
on antiviral treatment with interferon and ribavirin in Asian
patients with hepatitis C virus/hepatitis B virus coinfection:
a meta-analysis. Virol | 2012; 9: 186 [PMID: 22950520 DOI:
10.1186/1743-422X-9-186]

P- Reviewer: Amante MF, Gillessen A, Peng CY, Vaughan G
S- Editor: QiY L-Editor: A E- Editor: Zhang DN

October 28, 2014 | Volume 20 | Issue 40 |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

ISSN1007-9327

H‘” |H |
© 2014 Baishideng Publishing Group Inc. All rights reserved.




