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Background. With use of peginterferon alfa-2a and ribavirin combination therapy in patients with dual chronic
hepatitis B virus (HBV) and hepatitis C virus (HCV) infection, 11.2% of patients achieved clearance of hepatitis
B surface antigen (HBsAg) at 6 months after treatment; however, reactivation of HBV DNA was observed in 36.3%.
We investigated the predictive potential of HBsAg quantification.

Methods. HBsAg quantification was performed in 120 e antigen–negative patients dually infected with HBV
and hepatitis C virus and treated with peginterferon alfa-2a/ribavirin for 48 weeks (HCV genotype 1; ) orn p 74
24 weeks (HCV genotype 2/3; ). HBsAg was quantified at baseline, week 4, week 12, end of treatment, andn p 46
24 weeks after treatment.

Results. The baseline median serum HBsAg level was 120 IU/mL and decreased gradually during treatment.
Low baseline HBsAg was significantly associated with HBsAg clearance (40% for HBsAg level �20 IU/mL vs 2.2%
for HBsAg level 120 IU/mL; ). A decrease in HBsAg level from baseline to week 12 of 50% was associatedP ! .05
with a reduced likelihood of HBV DNA reactivation in patients with baseline undetectable serum HBV DNA
(positive predictive value, 89.5%).

Conclusions. HBsAg quantification appears to be a useful indicator of posttreatment outcome in patients dually
infected with HBV and hepatitis C virus.

Hepatitis B virus (HBV) infection is a worldwide health

problem [1]. Several oral nucleos(t)ide analogues po-

tent in the suppression of HBV replication are currently
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approved for the treatment of patients with chronic

hepatitis B (CHB) [2]. However, prolonged treatment

is usually needed to maintain the suppression of viral

replication, particularly in patients with hepatitis B e

antigen (HBeAg)–negative CHB, because rebound oc-

curs in �90% of patients if the drug is discontinued

[3]. In parallel with analogues, peginterferon alfa-2a

(PEG-IFN) has been advocated as a first-line therapy

in patients with CHB [2, 4–6], because of its immu-

nomodulatory as well as antiviral properties. The ad-

vantages of PEG-IFN therapy include a lack of drug

resistance, a finite and defined treatment course, and

a higher likelihood for hepatitis B surface antigen

(HBsAg) clearance, compared with nucleos(t)ide ana-

logues [4]. The latter is regarded as a complete or ideal

response to therapy in patients with CHB [2, 5, 7].
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Despite these potential benefits, use of PEG-IFN therapy is low

compared with nucleos(t)ide analogues in many countries [8],

including Taiwan, which is likely related to the profile of its

adverse effects, the inconvenience associated with subcutane-

ous injection, the relatively lower antiviral potency of PEG-

IFN compared with analogues, and the fact that not all pa-

tients achieve a sustained response.

Predictors that allow the selection of patients who will likely

benefit from a finite course of PEG-IFN or who have a low

likelihood of response would be of great relevance for clini-

cians [9, 10]. The potential of HBsAg quantification during in-

terferon-based therapy to predict sustained response in both

HBeAg-positive and HBeAg-negative CHB has been suggest-

ed [11–15].

Dual chronic infection with hepatitis C virus (HCV) and

HBV is common in areas endemic for either virus [16–19].

Interferon plus ribavirin combination therapy has been shown

to be effective in the clearance of HCV in this population [20–

23]. In our recent trial, we treated patients with HBeAg-negative

CHB and concurrent active hepatitis C by using PEG-IFN plus

ribavirin combination therapy. We found that posttreatment

HBsAg clearance at 6 months of follow-up was achieved in

11.2% of patients [24]. On the other hand, we observed that

inactive HBV infection may reactivate during the treatment of

coexisting chronic hepatitis C; serum HBV DNA reappeared

posttreatment in 36.3% of our patients in whom HBV DNA

was undetectable at baseline. Given the substantial risk of hep-

atitis activity flare-up associated with HBV DNA reactivation

[25, 26], it would be of great clinical relevance to identify as

early as possible those inactive carriers who will remain inactive

or are likely to experience hepatitis B reactivation and, thus,

require additional antiviral therapy intervention. The aim of

this study was to examine the profiles and predictive value of

HBsAg level for HBsAg clearance and lack of HBV DNA re-

activation in patients dually infected with HCV and HBV and

undergoing therapy with PEG-IFN and ribavirin.

PATIENTS AND METHODS

Collection of patients. In our original trial, we enrolled 161

eligible Taiwanese patients with active hepatitis C (alanine ami-

notransferase [ALT] level 11.5 times upper limit of normal and

serum HCV RNA 1200 IU/mL) and concurrent HBeAg-neg-

ative CHB, as described elsewhere [20]. Patients with HBeAg-

negative chronic HBV infection was further classified in 2 cat-

egories: those with detectable HBV DNA (1200 IU/mL or 11000

copies/mL) at baseline, who were considered to have active

HBeAg-negative CHB, and those with undetectable HBV DNA

(!200 IU/mL or !1000 copies/mL), who were considered to

be inactive HBsAg carriers at baseline. Patients with HCV ge-

notype 1 infection received 48 weeks of PEG-IFN 180 mg/week

plus 1000–1200 mg ribavirin daily. Patients infected with ge-

notype 2/3 received 24 weeks of PEG-IFN weekly plus 800 mg

ribavirin daily.

On-treatment serum samples of all 120 dually infected pa-

tients (HCV genotype 1 coinfection, group I, ; HCVn p 74

genotype 2/3 coinfection, group II, ) from the originaln p 46

trial cohort in 3 study sites (National Taiwan University Hos-

pital, Kaohsiung Medical University Hospital, and Chang Gung

Memorial Hospital-Kaohsiung) were collected. This study in-

vestigated the profiles of serum HBsAg level in the 120 patients

for whom serum samples were available.

On-treatment monitoring of HBsAg. HBsAg was quanti-

fied at baseline, week 4, week 12, week 24, end of treatment

(48 weeks in group I or 24 weeks in group II), and 24 weeks

posttreatment (72 weeks in group I or 48 weeks in group II)

with use of a standard quantitative chemiluminescent micro-

particle immunoassay (ARCHITECT HBsAg, Abbott Diagnos-

tics). The concentration of HBsAg in the specimen was deter-

mined using a previously generated Architect HBsAg calibration

curve (range, 0.05–250 IU/mL). Serum HBsAg !0.05 IU/mL

was defined as clearance of HBsAg. Samples with serum HBsAg

titer 1250 IU/mL were diluted at 1:20 and 1:500 with the Ar-

chitect HBsAg diluent and retested to expand the upper limit of

the dynamic range from 250 to 125,000 IU/mL.

Quantification of serum HBV DNA. We used an in-house

real-time polymerase chain reaction assay for quantification and

genotyping of HBV DNA, as described elsewhere [27]. The de-

tection limit of this assay for HBV DNA was 1000 copies/mL

(or 200 IU/mL).

Ethical considerations. The study was conducted accord-

ing to the 1975 Declaration of Helsinki and Good Clinical

Practice as reflected in a priori approval by the institutional

human research committee. All patients gave written informed

consent.

Statistical analysis. All categorical and continuous variables

were analyzed by x2 test and Student’s t test, respectively. For

continuous variables with outliers, nonparametric tests were

used. The accuracy of a serum HBsAg decrease to predict re-

sponses and reactivation of serum HBV DNA was assessed

using the receiver operating characteristic curve. All tests were

2-sided and used a significance level of 0.05. All analyses were

performed by using Stata statistical software (Version 8.2;

StataCorp).

RESULTS

Baseline characteristics. The baseline characteristics of the

dually infected patients in the subgroup of 120 patients included

in the current analysis are shown in Table 1.

HBV serologic response, virologic response, and reactivation.

Overall, clearance of HBsAg was documented in 11 (9.2%) and

14 (11.7%) of the 120 dually infected patients at end of treat-

ment and end of follow-up, respectively. In addition, serocon-
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Table 1. Characteristics of the 120 Patients at Baseline

Characteristic
Patients

(n p 120)

Male sex, no (%) of patients 78 (65)
Age, mean years � SD 50.6 � 9.6
Body weight, mean kg � SD 68.4 � 13.3
BMI, mean kg/m2 � SD 25.4 � 3.6
HCV RNA, mean IU/mL � SD 8.36 � 105 (478

to 1.01 � 108)
HBV DNA positivity,a no (%) of patients 58 (48)
HBV DNA,a mean copies/mL � SD 1280 (undetectable

to 4.22 � 105)
HBV genotype, no of patients with B/C/mixed/undetectable 46/17/4/53
ALT, mean IU/L � SD 128 � 84
Histologic stage of fibrosis, no of patients with 0/1/2/3/4 6/18/45/36/15
Stage of fibrosis, mean stage � SD 2.25 � 1.21

NOTE. ALT, alanine aminotransferase; BMI, body mass index (calculated as weight in kilograms
divided by the square of height in meters); HBV, hepatitis B virus; HCV, hepatitis C virus; SD, standard
deviation.

a Baseline serum HBV DNA level was determined by an in-house real-time polymerase chain
reaction assay. Levels 11000 copies/mL (200 IU/mL) were defined as positive.

Table 2. Distribution of Serum Hepatitis B Antigen (HBsAg) Levels in Patients Receiving 48-Week
or 24-Week Peginterferon Alfa-2a (PEG-IFN) plus Ribavirin (RBV) Combination Therapy

HBsAg level, IU/mL

Treatment group, no (%) of patients

48-week PEG-IFN plus RBV 24-week PEG-IFN plus RBV

Baseline
(n p 74)

Week 48a,b

(n p 73)
Week 72c

(n p 74)
Baseline
(n p 46)

Week 24b

(n p 46)
Week 48c

(n p 46)

�20 20 (27.0) 35 (48.0) 37 (50.0) 10 (21.7) 20 (43.5) 21 (45.7)

21–120 18 (24.3) 14 (19.2) 12 (16.2) 13 (28.3) 11 (23.9) 13 (28.3)

121–600 17 (23.0) 13 (17.8) 13 (17.6) 12 (26.1) 8 (17.4) 7 (15.2)

1600 19 (25.7) 11 (15.0) 12 (16.2) 11 (23.9) 7 (15.2) 5 (10.9)

a Data were missing for 1 patient.
b End of treatment.
c End of follow-up.

version to anti-HBs was observed in 7 (50%) of the 14 patients

at end of follow-up.

Of the 120 dually infected patients with available serum sam-

ples, 58 (48.3%) had detectable serum HBV DNA at baseline

(active HBeAg-negative chronic hepatitis B). The median val-

ue of serum HBV DNA levels in these patients was 12,800

copies/mL (range, 1050–1,020,000 copies/mL). HBV virolog-

ic response, defined by a reduction of serum HBV DNA to

an undetectable level (!1000 copies/mL or !200 IU/mL) at 6

months after the end of therapy, was observed in 34 patients

(58.6%). Of the remaining 62 patients with undetectable base-

line serum HBV DNA (inactive HBsAg carriers), reactivation

of serum HBV DNA, defined by an elevation of serum HBV

DNA to 1200 IU/mL (11000 copies/mL) at the end of therapy

or thereafter, was observed in 21 patients (33.9%) ( inn p 13

group I and in group II).n p 8

Serum HBsAg kinetics. The baseline median serum HBsAg

level was 120 IU/mL (range, 0.8–11,556 IU/mL). Baseline HBsAg

levels were divided into 4 quartiles: �20 IU/mL ( ), 21–n p 30

120 IU/mL ( ), 121–600 IU/mL ( ), and 1600 IU/n p 31 n p 29

mL ( ). During treatment, serum HBsAg level decreasedn p 30

gradually. As shown in Table 2, the proportion of patients achiev-

ing serum HBsAg levels �20 IU/mL increased from 27%

( ) at baseline to 50% ( ) at end of follow-up inn p 20 n p 37

group I (48 weeks treatment) and increased from 21.7% (n p

) at baseline to 45.7% ( ) at end of follow-up in group10 n p 21

II (24 weeks treatment). The proportion of patients with serum

HBsAg levels 1600 IU/mL decreased from 25.7% ( ) atn p 19
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Figure 1. Profiles of hepatitis B surface antigen (HBsAg) in patients
who cleared HBsAg posttreatment in 9 patients receiving 48-week peg-
interferon alfa-2a (PEG-IFN) plus ribavirin therapy (A) and in 5 patients
receiving 24-week PEG-IFN plus ribavirin therapy (B ). Serum HBsAg level
remains low during the treatment period in 11 patients (Cases 1103,
1118, 5104, 5105, 5119, 6114, and 6118 in panel A; Cases 5208, 5210,
and 6203 in panel B). EOT, end of treatment.

baseline to 16.2% ( ) at end of follow-up in group I andn p 12

decreased from 23.9% ( ) at baseline to 10.9% ( ) atn p 11 n p 5

end of follow-up in group II.

Profiles of serum HBsAg in patients who cleared HBsAg.

Clearance of HBsAg 6 months posttreatment occurred in a total

of 14 patients, 9 group I patients and 5 group II patients. The

median serum HBsAg level was 1.8 IU/mL at baseline. The

serum HBsAg level at baseline in the 14 patients who cleared

HBsAg was significantly lower than that in the 106 patients

without HBsAg clearance ( ). Five of the 14 patientsP ! .001

with HBsAg clearance had detectable serum HBV DNA at base-

line, and all developed an HBV virologic response.

The profiles of serum HBsAg in the 14 patients who cleared

HBsAg are further shown in Figure 1A (group I) and Figure

1B (group II). Baseline HBsAg levels in 11 (78.6%) of these 14

patients were quite low (!5 IU/mL). Serum HBsAg level re-

mained low during the treatment period in these 11 patients

(Cases 1103, 1118, 5104, 5105, 5119, 6114, and 6118 in Figure

1A; Cases 5208, 5210, and 6203 in Figure 1B). Two group I

patients (Case 5120 and Case 5128) had relatively high baseline

serum HBsAg levels (508 IU/mL and 163 IU/mL, respectively),

compared with the overall median level (120 IU/mL), and

showed a profound decrease of serum HBsAg during treatment.

Figure 2 illustrates the kinetics of serum HBV DNA, HCV RNA,

HBsAg, and ALT levels in these 2 individual patients. In the

first patient (Case 5120), HBsAg and HBV DNA showed parallel

decline kinetics, and clearance of HBsAg occurred at the end

of therapy when HBV DNA became undetectable (Figure 2A).

In the second patient (Case 5128), HBsAg kinetics showed a

gradual decrease after the start of therapy. HBsAg clearance

occurred 24 weeks after treatment cessation. Serum HBV DNA

however remained undetectable throughout the treatment and

follow-up period (Figure 2B). Notably, anti-HBs antibody was

positive (110 mIU/mL) in the first patient at 6 months post-

treatment. HCV sustained virologic response was obtained in

both of these cases.

The HBsAg clearance rate among the 30 patients with base-

line serum HBsAg �20 IU/mL (40%; ) was significantlyn p 12

greater than that among the 90 patients with baseline serum

HBsAg 120 IU/mL (2.2%; ; ). Accordingly, then p 2 P ! .05

cutoff of serum HBsAg level �20 IU/mL at baseline had a

sensitivity of 85.7%, a specificity of 84%, a positive predictive

value (PPV) of 41.4%, a negative predictive value (NPV) of

97.8%, and a likelihood ratio of 5.36 for HBsAg clearance 6

months posttreatment. The accuracy of the cutoff of serum

HBsAg level �20 IU/mL at baseline to predict HBsAg clearance

6 months posttreatment was assessed using the receiver oper-

ating characteristic curve. The area under the curve (AUC) was

0.912 (95% confidence interval, 0.802–1.021; ).P ! .001

In addition to baseline serum HBsAg level, we also examined

the predictive value of on-treatment HBsAg level for posttreat-

ment HBsAg clearance. At week 4, the cutoff of 35% decrease

in HBsAg level from baseline had a sensitivity of 53.8%, a

specificity of 80.4%, a PPV of 26.9%, an NPV of 92.9%, and

a likelihood ratio of 2.89 to predict HBsAg clearance 6 months

posttreatment (AUC, 0.657). At week 12, the cutoff of 50%

decrease in HBsAg level from baseline had a sensitivity of

57.1%, a specificity of 67.9%, a PPV of 19%, an NPV of 92.3%,

and a likelihood ratio of 1.78 for prediction (AUC, 0.597). At

week 24, the cutoff of 80% decrease in HBsAg level from base-

line had a sensitivity of 71.4%, a specificity of 71.4%, a PPV

of 26.3%, an NPV of 94.6%, and a likelihood ratio of 2.50 for

prediction (AUC, 0.654).

Profiles of serum HBsAg in patients without HBV DNA

reactivation. Among the 62 dually infected patients with un-

detectable serum HBV at baseline, reappearance of HBV DNA

was observed in 21. The baseline serum HBsAg level was not
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Figure 2. Virologic and biochemical parameters of 2 patients (Patient
5120 and Patient 5128) with baseline high serum hepatitis B surface
antigen (HBsAg) level who obtained HBsAg clearance posttreatment. ALT,
alanine aminotransferase; HBV, hepatitis B virus; HCV, hepatitis C virus.

significantly different between the groups of patients with and

without HBV DNA reactivation ( ). Dynamics of se-P p .563

rum HBsAg at week 4 also did not correlate with the reacti-

vation of serum HBV DNA posttreatment. Lack of HBV DNA

reactivation was associated with HBsAg decrease from baseline

to week 12. At week 12 of PEG-IFN therapy, 19 patients showed

a decrease of serum HBsAg level 150%, and of these, only 2

(10.5%) developed HBV DNA reactivation. In contrast, 19

(44.2%) of the 43 patients who had a decrease of serum HBsAg

level �50% developed reactivation of HBV DNA. Eleven pa-

tients showed a decrease of serum HBsAg level 169%. Overall,

at week 12, the cutoff of 50% decrease in HBsAg level from

baseline had a sensitivity of 41.5%, a specificity of 90.5%, a

PPV of 89.5%, an NPV of 44.2%, and a likelihood ratio of 4.37

for the lack of HBV DNA reactivation (AUC, 0.612; 95% con-

fidence interval, 0.469–0.755; ). We also examined theP p .151

predictive value of serum HBsAg level at week 24. We found

that the cutoff of 70% decrease in HBsAg level from baseline

had a sensitivity of 63.2%, a specificity of 61.9%, a PPV of

75%, an NPV of 48.1%, and a likelihood ratio of 1.66 for the

lack of HBV DNA reactivation (AUC, 0.620).

Profiles of serum HBsAg in patients with HBV virologic

response. Among the 58 dually infected patients with de-

tectable serum HBV DNA at baseline, 34 patients had an HBV

virologic response. Baseline serum HBsAg levels were not sig-

nificantly different between 2 groups of patients ( ).P p .558

At week 12 of PEG-IFN therapy, 28 patients showed a decrease

of serum HBsAg level 130%. Among these patients, 22 (78.6%)

developed an HBV virologic response. In contrast, only 12 (40%)

of the 30 patients who had a decrease in serum HBsAg level of

�30% developed an HBV virologic response. At week 12, the

cutoff of 30% decrease had a sensitivity of 61.8%, a specificity

of 75%, a PPV of 78.6%, a NPV of 60%, and a likelihood ratio

of 2.47 for HBV virologic response (AUC, 0.625; 95% confidence

interval, 0.469–0.767; ). As for the predictive value ofP p .13

serum HBsAg level at week 24, the cutoff of 60% decrease in

HBsAg level from baseline had a sensitivity of 68.8%, a specificity

of 61.9%, a PPV of 73.3%, a NPV of 56.5%, and a likelihood

ratio of 1.81 for HBV virologic response (AUC, 0.613).

DISCUSSION

In our previous study, a defined course of PEG-IFN induced

HBsAg clearance in 11.2% of HBeAg-negative patients dually

infected with HCV [24]. HBsAg clearance is associated with

favorable long-term outcome in patients with CHB and is,

therefore, considered to be the ideal end point of therapy [5].

Serum HBsAg level is generally lower in patients with

HBeAg-negative CHB than in patients with HBeAg-positive

CHB. For example, our recent data revealed that the median

serum HBsAg level was 1038 IU/mL (range, 2–11,920 IU/mL)

in 100 patients with HBeAg-negative CHB (age, 40–60 years)

and was 2380 IU/mL (range, 10–119,330 IU/mL) in 30 patients

with HBeAg-positive CHB (age, 40–60 years) (T.-H.S., C.-S.

Hsu, C.-L.C., C.-H.L., Y.-W. Huang, T.-C. Tseng, C.-J.L., P.-

J.C., M.-Y.L., D.-S.C., and J.-H.K., unpublished data). Other

recent studies also demonstrated that the median value of se-

rum HBsAg in patients with HBeAg-negative CHB was about

3 log10 IU/mL [13, 28, 29] (2500 IU/mL in patients with HBeAg-
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negative CHB [13] and 1260 IU/mL in patients considered to

be in the low replicative phase [28]). In this study, we further

demonstrated that the serum HBsAg level in HBeAg-negative

CHB patients was even lower if dually infected with HCV, ∼1

log10 less than that in HBeAg-negative, HBV-monoinfected pa-

tients. Lower HBsAg levels in patients dually infected with HCV

and HBV, compared with HBV monoinfection, were also re-

ported recently by Potthoff et al (mean HBsAg level � standard

deviation, IU/mL for HCV-HBV dual infection9184 � 3457

and IU/mL for HBV monoinfection) [30]. Pre-16,832 � 4612

vious studies revealed that HCV core and NS2 proteins may

inhibit replication of HBV and possibly suppress expression of

surface gene [31–34]. The reciprocal interactions between HCV

and HBV may account for the reduced production of HBsAg

in the hepatocytes. Because a low level of HBV replication

correlates with favorable treatment outcomes in patients with

CHB receiving interferon-based therapy [10], this phenomenon

may also explain the relatively high rate of HBsAg clearance

posttreatment in our dually infected patients. We found that

baseline serum HBsAg level �20 IU/mL correlated with the

clearance of HBsAg posttreatment, suggesting that HCV-HBV–

coinfected patients with low HBsAg levels represent good can-

didates for PEG-IFN therapy. In this study, we further dem-

onstrated that serum HBsAg level decreased gradually after

treatment. Because some patients with relatively high HBsAg

levels also cleared HBsAg, the monitoring of HBsAg can pro-

vide a good indication of response to PEG-IFN.

Our original study reported the reactivation of serum HBV

DNA in 36.3% of those dually infected patients with unde-

tectable baseline HBV DNA [24]. However, as we demonstrat-

ed here, the risk of reactivation was low in inactive carriers if

the decrease in serum HBsAg level from baseline to week 12

during therapy was 150% (0.3 log10 IU/mL). Thus, monitoring

HBsAg during therapy with PEG-IFN can provide useful in-

formation for clinicians.

Although qualitative HBsAg assay has been applied in routine

clinical practice as a screening tool for decades, recent data sug-

gest that quantitative determination of HBsAg level may provide

a useful insight into the prediction of treatment outcomes with

PEG-IFN [11, 15]. These findings are in accordance with the

dual antiviral and immunomodulatory effects of PEG-IFN, which

result in the suppression of viral replication as well as the clear-

ance of infected hepatocytes. This is supported by the finding

that the reduction of serum HBsAg levels parallels the decrease

in intrahepatic covalently closed circular DNA [35]. In our study,

we found acceptable predictive values of on-treatment serum

HBsAg kinetics to predict lack of HBV DNA reactivation and

virologic response. Although not strong, the predictive value

(90%) of the cutoff of 50% decrease in serum HBsAg at week

12 of therapy for lack of HBV DNA reactivation ensures the

physicians and patients that the risk of relapse of hepatitis B

activity will be low posttreatment. Moreover, the PPV (79%) of

the cutoff of 30% decrease in serum HBsAg at week 12 of therapy

for HBV virologic response will encourage the physicians and

patients to continue PEG-IFN such that dually infected patients

may obtain both HCV sustained virologic response and HBV

virologic response.

Clearance of HBsAg in the serum may indicate resolution of

chronic HBV infection, or it may just represent the appearance

of occult HBV infection. In addition, the correlation of cova-

lently closed circular DNA level in the liver with serum HBsAg

level has only been partly clarified in HBeAg-negative patients.

For these issues, virologic study of the liver biopsy specimen,

including covalently closed circular DNA, would be needed.

Unfortunately, the quantitative assay for intrahepatic covalent-

ly closed circular DNA has not yet been well established. We,

therefore, did not investigate these issues in this study.

In conclusion, HBV-HCV dually infected patients with

HBeAg-negative disease have low levels of HBsAg, and the

treatment with PEG-IFN plus ribavirin can lead to HBsAg

clearance 6 months posttreatment in a high percentage of

these patients. Serum HBsAg seems to be a useful on-treat-

ment quantitative marker to predict not only the lack of HBV

DNA reactivation but also virologic response in the early phase

of PEG-IFN–based therapy in patients with dual chronic hep-

atitis B and C and may, thus, have a role in the implemen-

tation of individualized therapy. Additional large studies are

warranted to confirm these data.

Acknowledgment

We thank Roche Diagnostics for the supply of COBAS TaqMan HBV
Test and COBAS TaqMan HCV Test kits. We also thank Dr Karen Searle
of Elements Communications, who provided editorial support to the
authors.

References

1. Kao JH, Chen DS. Global control of hepatitis B virus infection. Lancet
Infect Dis 2002; 2:395–403.

2. Lok AS, McMahon BJ. Chronic hepatitis B. Hepatology 2007; 45:507–
539.

3. Shouval D, Lai CL, Chang TT, et al. Relapse of hepatitis B in HBeAg-
negative chronic hepatitis B patients who discontinued successful en-
tecavir treatment: the case for continuous antiviral therapy. J Hepatol
2009; 50:289–295.

4. Perrillo RP. Therapy of hepatitis B- viral suppression or eradication?
Hepatology 2006; 43(suppl 1):S182-S193.

5. European Association For The Study Of The Liver. EASL Clinical Prac-
tice Guidelines: management of chronic hepatitis B. J Hepatol 2009;
50:227–242.

6. Hoofnagle JH, Doo E, Liang TJ, Fleischer R, Lok AS. Management of
hepatitis B: summary of a clinical research workshop. Hepatology 2007;
45:1056–1075.

7. Liaw YF, Leung N, Kao JH, et al. Asian-Pacific consensus statement
on the management of chronic hepatitis B: a 2008 update. Hepatol Int
2008; 2:263–283.



92 • JID 2010:202 (1 July) • Yu et al

8. Zoulim F, Perrillo R. Hepatitis B: reflections on the current approach
to antiviral therapy. J Hepatol 2008; 48(suppl 1):S2-S19.

9. Fried MW, Piratvisuth T, Lau GK, et al. HBeAg and hepatitis B virus
DNA as outcome predictors during therapy with peginterferon alfa-
2a for HBeAg positive chronic hepatitis B. Hepatology 2008; 47:
428–434.

10. Perrillo R. Benefits and risks of interferon therapy for hepatitis B.
Hepatology 2009; 49(suppl 5):S103–S111.

11. Manesis EK, Hadziyannis ES, Angelopoulou OP, Hadziyannis SJ. Pre-
diction of treatment-related HBsAg loss in HBeAg-negative chronic
hepatitis B: a clue from serum HBsAg levels. Antivir Ther 2007; 12:
73–82.

12. Janssen HL, Kerhof-Los CJ, Heijtink RA, Schalm SW. Measurement
of HBsAg to monitor hepatitis B viral replication in patients on alpha-
interferon therapy. Antivir Res 1994; 23:251–257.

13. Brunetto MR, Moriconi F, Bonino F, et al. Hepatitis B virus surface
antigen levels: a guide to sustained response to peginterferon alfa-2a in
HBeAg-negative chronic hepatitis B. Hepatology 2009; 49:1141–1150.

14. Moucari R, Mackiewicz V, Lada O, et al. Early serum HBsAg drop: a
strong predictor of sustained virological response to pegylated interferon
alfa-2a in HBeAg-negative patients. Hepatology 2009; 49:1151–1157.

15. Perrillo RP. Hepatitis B surface antigen quantification as a current-day
paradox: obtaining the gold in the face of diminishing returns. Hep-
atology 2009; 49:1063–1065.

16. Chen DS, Kuo G, Sung JL, et al. Hepatitis C virus infection in an area
hyperendemic for hepatitis B and chronic liver disease: the Taiwan ex-
perience. J Infect Dis 1990; 162:817–822.

17. Liu CJ, Liou JM, Chen DS, Chen PJ. Natural course and treatment of
dual hepatitis B virus and hepatitis C virus infections. J Formos Med
Assoc 2005; 104:783–791.

18. Sagnelli E, Coppola N, Messina V, et al. HBV superinfection in hepatitis
C virus chronic carriers, viral interaction, and clinical course. Hepa-
tology 2002; 36:1285–1291.

19. Sagnelli E, Pasquale G, Coppola N, et al. Influence of chronic coin-
fection with hepatitis B and C virus on liver histology. Infection 2004;
32:144–148.

20. Liu CJ, Chen PJ, Lai MY, Kao JH, Jeng YM, Chen DS. Ribavirin and
interferon is effective for hepatitis C virus clearance in hepatitis B and
C dually infected patients. Hepatology 2003; 37:568–576.

21. Chuang WL, Dai CY, Chang WY, et al. Viral interaction and responses
in chronic hepatitis C and B coinfected patients with interferon-alpha
plus ribavirin combination therapy. Antivir Ther 2005; 10:125–133.

22. Hung CH, Lee CM, Lu SN, et al. 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.

23. Urganci N, Gulec S, Dogan S, Nuhoglu A. Interferon and ribavirin
treatment results of patients with HBV-HCV co-infection cured of
childhood malignancies. Int J Infect Dis 2006; 10:453–457.

24. Liu CJ, Chuang WL, Lee CM, et al. Peginterferon alfa-2a plus ribavirin
for the treatment of dual chronic infection with hepatitis C and B
viruses. Gastroenterology 2009; 136:496–504.

25. Gordon SC, Sherman KE. Treatment of HBV/HCV coinfection: re-
leasing the enemy within. Gastroenterology 2009; 136:393–396.

26. Yalcin K, Degertekin H, Yildiz F, Kilinc N. A severe hepatitis flare in
an HBV-HCV coinfected patient during combination therapy with al-
pha-interferon and ribavirin. J Gastroenterol 2003; 38:796–800.

27. Yeh SH, Tsai CY, Kao JH, et al. Quantification and genotyping of
hepatitis B virus in a single reaction by real-time PCR and melting
curve analysis. J Hepatol 2004; 41:659–666.

28. Jaroszewicz J, Serrano BC, Wursthorn K, et al. Hepatitis B surface
antigen (HBsAg) levels in the natural history of hepatitis B virus
(HBV)-infection: a European perspective. J Hepatol 2010; 52:514–522.

29. Nguyen T, Thompson AJ, Bowden S, et al. Hepatitis B surface antigen
levels during the natural history of chronic hepatitis B: a perspective
on Asia. J Hepatol 2010; 52:508–513.

30. Potthoff A, Jaroszewicz J, Serrano BC, et al. Hepatitis B surface antigen
concentration in hepatitis B/C co-infection. J Hepatol 2009; 50(suppl
1):S143.

31. Sagnelli E, Coppola N, Scolastico C, et al. Virologic and clinical ex-
pressions of reciprocal inhibitory effect of hepatitis B, C, and delta
viruses in patients with chronic hepatitis. Hepatology 2000; 32:1106–
1110.

32. Saitta C, Pontisso P, Brunetto MR, et al. Virological profiles in hepatitis
B virus/hepatitis C virus coinfected patients under interferon plus ri-
bavirin therapy. Antivir Ther 2006; 11:931–934.

33. Shih CM, Lo SJ, Miyamura T, Chen SY, Lee YH. Suppression of hep-
atitis B virus expression and replication by hepatitis C virus core protein
in HuH-7 cells. J Virol 1993; 67:5823–5832.

34. Dumoulin FL, von dem Bussche A, Li J, et al. Hepatitis C virus NS2
protein inhibits gene expression from different cellular and viral pro-
moters in hepatic and nonhepatic cell lines. Virology 2003; 305:260–
266.

35. Werle-Lapostolle B, Bowden S, Locarnini S, et al. Persistence of cccDNA
during the natural history of chronic hepatitis B and decline during
adefovir dipivoxil therapy. Gastroenterology 2004; 126:1750–1758.


