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Abstract
AIM: To evaluate the effects of antiviral agents and HBV 
genotypes on intrahepatic covalently closed circular DNA 
(ccc DNA) in HBeAg-positive chronic hepatitis B patients.

METHODS: Seventy-one patients received lamivudine 
(n  = 35), or sequential therapy with lamivudine- interferon 
alpha 2b (IFN-α 2b, n  = 24) for 48 wk, or IFN-α 2b (n  = 
12) for 24 wk. All subjects were followed up for 24 wk. 
Intrahepatic ccc DNA was measured quantitatively by 
PCR. HBV genotypes were analyzed by PCR-RFLP.

RESULTS: Sequential lamivudine- INF-α therapy, 
lamivudine and INF-α monotherapy reduced ccc DNA 
of 1.7 log, 1.4 log and 0.8 log, respectively (P  < 0.05). 
Seventeen out of the 71 patients developed HBeAg 
seroconversion, the reduction of ccc DNA in the HBeAg 
seroconversion patients was more significant than 
that in the HBeAg positive patients (3.0 log vs  1.6 log, 
P  = 0.0407). Twenty-four weeks after antiviral therapy 
withdrawal, 16 patients had a sustained virological 
response, the baseline intrahepatic ccc DNA in the 
patients with a sustained virological response was 
significantly lower than that in the patients with 
virological rebound (4.6 log vs  5.4 log, P  = 0.0472). HBV 

genotype C accounted for 85.9% (n = 61), and genotype B 
for 14.1% (n = 10), respectively, in the 71 patients. There 
was no significant difference in the change of ccc DNA level 
between HBV genotypes C and B (2.1 log vs  1.9 log).

CONCLUSION: Forty-eight week sequential lamivudine-
INF-α therapy and lamivudine monotherapy reduce ccc 
DNA more significantly than 24-wk INF-α monotherapy. 
Low baseline intrahepatic ccc DNA level may predict the 
long-term efficacy of antiviral treatment. HBV genotypes 
C and B have no obvious influence on ccc DNA load.

© 2008 WJG. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) is one of  the major causes for 
liver disease, more than 350 million people are infected 
with HBV, and eventually 15% to 25% of  these individuals 
will progress to liver cirrhosis and hepatocellular 
carcinoma[1]. Interferon-alpha (IFN-α)[2-4] and nucleoside 
analogue agents[5-8] are the currently available antiviral 
drugs for the treatment of  patients with chronic hepatitis 
B. Long-term anti-viral treatment can decrease the 
occurrence rate of  hepatocellular carcinoma in patients 
with chronic hepatitis B, thus improving their survival. 
Nonetheless, after withdrawal of  treatment, relapse occurs 
in the great majority of  patients. Furthermore, relapse may 
lead to severe exacerbation of  the disease, causing hepatic 
failure and even death. The main reason for the rebound 
of  HBV DNA to its pretreatment level after antiviral 
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treatment withdrawal is that these agents have a profound 
effect on relaxed circular DNA (rc DNA) and almost no 
effect on covalently closed circular DNA (ccc DNA)[9-11]. 
ccc DNA provides the template for the transcription of  
all viral genes. After hepatocytes are infected with HBV, 
covalently closed circular DNA is formed through DNA 
repair of  the relaxed circular replicative HBV DNA 
inside the nuclei of  hepatocytes[12]. DNA-containing 
nucleocapsids can either recycle back to the nuclei to 
amplify and maintain the pool of  ccc DNA or become 
enveloped and are secreted into the blood[13]. Since ccc 
DNA is required for the maintenance of  HBV infection, it 
must be eliminated for viral clearance to present. Currently, 
ccc DNA in human peripheral blood mononuclear cells 
and liver biopsies can be quantitated [14-16]. Thus, it is 
possible to measure the intrahepatic ccc DNA level for 
monitoring antiviral treatment.

The aim of  the present study was to analyze the effects 
of  sequential lamivudine-INF-α therapy, lamivudine 
monotherapy and INF-α monotherapy on intrahepatic ccc 
DNA. The relationship between intrahepatic ccc DNA 
and HBV genotypes was also observed.

MATERIALS AND METHODS
Subjects
Between March 2003 and March 2005, seventy-one 
patients with HBeAg -positive chronic hepatitis B were 
recruited, including 59 males and 12 females aged 19-47 
(mean 32 ± 9) years. Informed consent was obtained 
from all involved patients. The inclusion criteria for the 
patients were as follows: positive for HBsAg and HBeAg, 
serum HBV DNA ≥ 1 × 105 copies/L, serum alanine 
aminotransferase (ALT) levels at least two-fold higher than 
the normal range (normal range = 0-667 nkat/L) for more 
than 6 mo. Exclusion criteria were as follows: patients 
with alcoholism, pregnancy, cirrhosis, chronic renal failure, 
concurrent autoimmune disease, severe neurological 
disorders, human immunodeficiency virus (HIV) infection 
and viral hepatitis A, C, delta or E. Patients treated with 
interferon or other antiviral therapies for 6 mo prior to 
enrollment in this study were also excluded. Patients were 
randomized (at the ratio 3:2:1) to receive 48 wk of  100 mg 
lamivudine once daily (n = 35), or lamivudine from the 
first to the 8th mo and IFN-α from the 7th to the 12th mo 
(n = 24), or 24 wk of  5 million units of  interferon-alpha 
(IFN-α) three times per week (n = 12). All subjects were 
followed up for 24 wk after antiviral therapy. Presence of  
serum HBV DNA levels ≤ 1 × 103 and normalization of  
serum ALT levels were assessed as treatment response.

Measurement of HBV markers and genotypes and
biochemical tests
Blood samples were obtained before, immediately after 
treatment and at wk 24 of  follow-up. Liver biochemistry 
and HBV marker test (using commercial assays, Abbott 
Laboratories, USA) were performed on these samples.

Liver biopsy specimens were collected by needle 
liver biopsies (0.5-1.5 cm) before and immediately after 
treatment. The tissue was washed several times in cold 

phosphate-buffered saline (PBS) and stored at -70℃. Total 
DNA was extracted from liver tissue with the Qiaamp 
DNA tissue Mini DNA kit (Qiagen, Germany). Serum and 
intrahepatic HBV DNA were measured quantitatively by 
real-time polymerase chain reaction (PCR) (Model 5700, 
ABI Company, USA) with a lower limit of  detection of   
1 × 103 HBV DNA copies/mL and 1 × 103 copies/μg 
total DNA, respectively. HBV genotypes were determined 
by PCR restriction fragment length polymorphism (PCR- 
RFLP) analysis as previously described[17].

PCR amplification for CCC DNA
The primers were synthesized for amplifying ccc 
DNA according to the published consensus sequence. 
Sequences of  the primers and the probe are as follows: 
5’-ATACGGGTCAATGTCCATGC-3’ (nt 1551, sense), 
5’-CCGTCTGTGCCTTCTCATCT-3’ (nt 1991, antisense), 
and 5’-CCAAAGCCACCCAAGGCACA-3’ (nt 1880, 
probe).

PCR was performed at 94℃ for 2 min, followed by 45 
cycles at 94℃ for 20 s, at 60℃ for 1 min.

Histology measurement
Histologic inflammation was scored with a modified 
Knodell scoring system[18]. Histologic response was defined 
as a decrease by at least two points in the Knodell scoring 
system.

Statistical analysis
Data were analyzed with the Statistical Program for Social 
Sciences (SPSS 13.0 for Windows). Categorical variables 
were tested using chi-square test or Fisher’s exact test. 
Normally distributed variables were tested using t-test 
or ANOVA, whereas continuous variables with skewed 
distributions were tested using the Kruskal Wallis test. 
Correlation between two variables was tested using Pearson’s 
correlation analysis after logarithmic transformation of  
data with skewed distributions. P < 0.05 was considered 
statistically significant.

RESULTS
There was no significant difference in all the parameters 
among the three groups before treatment. The antiviral 
outcome of  48-wk sequential lamivudine - INF-α therapy 
was similar to that of  48-wk lamivudine monotherapy, but 
slightly better than that of  24-wk INF-α monotherapy. 
The reduction in serum HBV DNA, intrahepatic HBV 
DNA and ccc DNA after sequential lamivudine - INF-α 
therapy and lamivudine monotherapy was greater than that 
after INF-α monotherapy (P < 0.05) (Table 1).

Data on histology, biochemistry and virology in HBeAg 
seroconversion patients and HBeAg positive patients
After antiviral treatment, the means of  Knodell score, 
serum HBV DNA levels, intrahepatic HBV DNA levels, 
intrahepatic ccc DNA and serum ALT levels in all the 71 
patients were significantly decreased (P < 0.05). Of  the 
71 patients, 17 developed HBeAg seroconversion. There 
was no significant difference in the parameters mentioned 



above between the HBeAg seroconversion patients and 
HBeAg positive patients before treatment, except for the 
baseline intrahepatic HBV DNA levels (5.6 log vs 6.3 log, 

P = 0.02). The HBeAg seroconversion group had greater 
improvements than the HBeAg positive group. The 
mean of  intrahepatic HBV DNA decreased to (4.1 ± 0.8) 
log10 in the seroconversion group (P = 0.0124) and to (5.1 
± 1.5) log10 (P = 0.0872) in the HBeAg positive group. The 
mean of  intrahepatic ccc DNA decreased from (5.8 ± 0.6) 
log10 to (2.8 ± 1.3) log10 in the HBeAg seroconversion 
group,  and  from (5.5 ± 1.1) log10 to (3.9 ± 1.1) 
log10 in the HBeAg positive group (P = 0.0407, Table 2).

Data on histology, biochemistry and virology in patients 
with different long-term responses
In the 24-wk follow-up period, of  the 48 patients with 
virological response at the end of  therapy, 18 achieved a 
sustained virological response, and 30 presented virological 
rebound. The means of  intrahepatic and serum HBV 
DNA loads, histology and serum ALT level in the patients 
with a sustained virological response were similar to those 
in the patients with virological rebound before and after 
treatment. The baseline intrahepatic ccc DNA level in the 
patients with a sustained virological response was, however, 
significantly lower than that in the patients with virological 
rebound (P = 0.0472), but no significant difference was 
found at the end of  treatment between the two groups 
(Table 2).

The mean of  HBV ccc DNA in the 71 patients 
before and after treatment was (6.83 ± 0.37) log and 
(5.72 ± 0.23) log, respectively (P > 0.05). The change in 
intrahepatic ccc DNA had a positive correlation with a 
similar reduction in intrahepatic HBV DNA (r = 0.525, 
P < 0.05, Figure 1). The ccc DNA level was correlated 
with the serum HBeAg titer at the end of  treatment 
(r = 0.432, P = 0.002, Figure 2).

Intrahepatic ccc DNA level and HBV genotype
HBV genotype C accounted for 85.9% (n = 61), and 
genotype B for 14.1% (n = 10) in the 71 patients. The 
mean of  intrahepatic HBV DNA loads was (6.1 ± 0.9) 
log10 and (4.9 ± 1.4) log10, respectively (P < 0.05), and 
that of  intrahepatic ccc DNA loads was (5.6 ± 1.1) log10 
and (3.5 ± 1.5) log10, respectively, in the genotype C 
patients before and after treatment (P < 0.05). The baseline 
and post-treatment intrahepatic HBV DNA level was 
(5.6 ± 1.5) log10 and (4.7 ± 1.2) log10, respectively 

Table 2  Histological, biochemical and virological data on 
different therapy responses (mean ± SD)

Parameter HBeAg 
positive

HBeAg
serocon
-version

Sustained
virological
response

Virological 
flares 

Number of patients 48 17 18 30
Mean Knodell score
   Pretreatment    8.4 ± 4.1    7.1 ± 4.2    8.0 ± 4.0    8.4 ± 3.9 
   Post-treatment    6.0 ± 3.6    5.1 ± 3.1a    6.1 ± 3.0    5.2 ± 2.7a

Mean ALT level (nkat/L) 
   Pretreatment  3206 ± 2338 3841 ± 2371 3340 ± 2638 4576 ± 2505
   Post-treatment 1018 ± 985   618 ± 384a   517 ± 300   601 ± 400 
   24 wk off- treatment   851 ± 200   380 ± 183e

Serum HBV DNA (log10)
   Pretreatment    7.9 ± 0.9    7.5 ± 1.0    7.3 ± 1.3    7.6 ± 0.8
   Post-treatment    4.4 ± 1.4a    3.0 ± 0.2a,c    3.1 ± 0.3a    3.3 ± 0.4a 
   24 wk off-treatment     3.2 ± 0.3    6.1 ± 0.8a,c

Intrahepatic HBV DNA (log10) 
   Pretreatment    6.3 ± 0.8    5.6 ± 1.2    5.9 ± 0.8    6.0 ± 1.1
   Post-treatment    5.1 ± 1.5    4.1 ± 0.8a    4.5 ± 1.6    4.3 ± 1.0a 
Intrahepatic ccc DNA (log10) 
   Pretreatment    5.5 ± 1.1    5.8 ± 1.0    4.6 ± 1.0    5.4 ± 0.8e

   Post-treatment        3.9 ± 1.5    2.8 ± 1.3a,c    4.0 ± 0.9    3.8 ± 0.8a 

aP < 0.05 vs post-treatment, cP < 0.05 vs HBeAg positive, eP < 0.05 vs sustained 
virological response. ALT: Alanine aminotransferase; ccc DNA: Covalently 
closed circular DNA.

Table 1  Demographic, histological, biochemical, virological data 
obtained from three antiviral therapies (mean ± SD)

Parameter Sequential lamivudine
-INF-α therapy

Lamivudine 
monotherapy

Interferon 
monotherapy

Number of
patients

  24 35     12

Sex ratio 
(male/female)

  21/3 29/6       9/3

Mean age (y)   33 ± 6 32 ± 5     31 ± 8
Mean Knodell score
   pretreatment     8.9 ± 3.6    8.2 ± 4.5    7.1 ± 4.0
    post-treatment     6.6 ± 4.0a    5.6 ± 3.2a    5.0 ± 2.8
Mean ALT level (nkat/L) 
    Pretreatment 3423 ± 2388 4390 ± 2454 3006 ± 1720
    Post-treatment   668 ± 400a   667 ± 384a 1686 ± 1286a

Serum HBV DNA (log10)
    Pretreatment    7.5 ± 1.3    7.7 ± 0.8    7.8 ± 1.1
    Post-treatment    3.8 ± 1.0a    3.7 ± 1.2a    5.0 ± 1.5a,c

Intrahepatic HBV DNA (log10)
    Pretreatment    5.8 ± 1.2    6.2 ± 0.9    6.3 ± 0.9
    Post-treatment    4.7 ± 1.1a    4.6 ± 1.5a    5.6 ± 1.5a,c

Intrahepatic ccc DNA (log10)
    Pretreatment    5.1 ± 1.0    5.2 ± 1.2    5.8 ± 1.2
    Post-treatment    3.4 ± 1.3a    3.8 ± 1.1a    5.0 ± 1.5c

HBeAg seroconversion 
rate at the treatment 
completion

    8/21 (38.1%) 6/32 (18.6%)    3/12 (25%)

Sustained virological response 
rate at 24 wk off 
treatment

    4/16 (25%) 13/31 (41.9%)    1/1 (100%)

aP < 0.05 vs post-treatment, cP < 0.001 vs sequential lamivudine - INF-α 
therapy and lamivudine monotherapy. HBeAg seroconversion rate at 
the end of treatment: some post-treatment data were lost, ALT: Alanine 
aminotransferase, ccc DNA: Covalently closed circular DNA.
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Figure 1  Correlation between the reduction in intrahepatic ccc DNA and a similar 
reduction in intrahepatic HBV DNA.
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(P > 0.05), and that of  intrahepatic ccc DNA loads was 
(5.8 ± 0.6) log10 and (3.9 ± 1.9) log10, respectively, in the 
genotype B patients (P = 0.064). No statistically significant 
difference was found in serum intrahepatic HBV DNA 
loads and ALT levels between the two groups after 
treatment. There was no significant difference in serum 
HBV DNA and alanine aminotransferase levels at 24 
wk after treatment withdrawal, the sustained virological 
response rate and ALT normalization rate were also similar 
(Table 3).

DISCUSSION
It was reported that lamivudine reduces serum ccc 
DNA levels by magnitude of  2 log[19]. Forty-eight weeks 
after adefovir dipivoxil therapy resulted in a significant 
decrease of  0.8 log in ccc DNA copies/cell and changes 
in ccc DNA are correlated with a similar reduction in 
serum HBsAg titer[20]. A clinical study from Hong Kong 
reported that 48 wk treatment with entecavir (n = 21) 
and lamivudine (n = 19) can reduce serum viral load, 
intrahepatic total HBV DNA, and ccc DNA of  about 
4.8 logs, 2 logs, and 1 log, respectively[21]. In our study, 48 
wk after sequential lamivudine - INF-α therapy (n = 24) 
and lamivudine monotherapy (n = 35), and 24 wk after 
INF-α monotherapy (n = 12) reduced serum HBV DNA 
of  about 3.7 logs, 4 logs, and 2.8 log, intrahepatic total 
HBV DNA of  about 1.1 logs, 1.6 logs and 0.7 log, ccc 
DNA of  about 1.7 logs, 1.4 logs and 0.8 log, respectively 
(P < 0.05), indicating that either sequential lamivudine - 
INF-α therapy or lamivudine therapy significantly reduces 
HBV DNA and ccc DNA than INF-α monotherapy, and 
the relatively short duration of  INF-α therapy may be 
responsible for such a difference.

Since serum HBV DNA and alanine aminotransferase 
levels often flare up after antiviral therapy even if  the 
patients develop HBeAg seroconversion, it is important 
to determine what the parameters help assess the success 
of  treatment and decide how long the therapy should be. 
The present data indicate that 17 out of  the 71 patients 
developed HBeAg seroconversion after antiviral therapy, 
the change of  ccc DNA in the HBeAg seroconversion 
patients was more significant than that in the HBeAg 
positive patients (3.0 log vs 1.6 log, P = 0.0407), suggesting 

that reduction in ccc DNA is crucial for chronic hepatitis 
patients to achieve better antiviral efficacy. Twenty-four 
weeks after antiviral therapy withdrawal, 18 patients 
achieved a sustained virological response. The baseline 
and post-treatment intrahepatic HBV DNA and serum 
HBV DNA levels in these patients were similar to those 
in the patients with virological rebound, except for the 
baseline level of  intrahepatic ccc DNA (4.6 log vs 5.4 log, 
P = 0.0472), showing that a lower baseline intrahepatic 
ccc DNA helps chronic hepatitis patients to maintain a 
sustained virological response.

As previously reported[15,20], the data obtained from our 
study show that the reduction in intrahepatic ccc DNA 
was positively correlated with the change in intrahepatic 
HBV DNA (r = 0.525, P < 0.05), and the ccc DNA level 
was correlated with the serum HBeAg titer at 48 wk 
after treatment (r = 0.432, P = 0.002). Since liver tissue 
is not accessible to obtain for measuring intrahepatic ccc 
DNA, serum HBeAg titer may be used for assessing the 
intrahepatic ccc DNA load.

Eight genotypes (A-H) have been found in HBV, each 
showing a distinct geographical distribution and disease 
progression. HBV genotype C is believed to be associated 
with a higher risk of  reactivation and progression to 
cirrhosis compared to HBV genotype B[22,23]. Whether 
hepatitis B virus (HBV) genotypes influence the response 
to antiviral treatment remains controversial, and the 
relationship between HBV genotypes and ccc DNA is still 
unknown. It was reported that HBV genotypes do not 
influence the development of  resistance to lamivudine, but 
the severity of  liver disease[24]. In the present study, 85.9% 
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Figure 2  Relationship between intrahepatic ccc DNA level and HBeAg titer at the 
end of treatment.

Table 3  Histological, biochemical and virological data on HBV 
genotypes C and B (mean ± SD)

Parameter HBV Genotype C HBV Genotype B
Number of patients 61 10
Sex ratio (male/female) 50/11 9/1
Number of Sequential therapy 20 (32.8%) 4 (40%)
Number of Lamivudine therapy 31 (50.8%) 4 (40%)
Number of Interferon therapy 10 (16.4%) 2 (20%)
Mean Knodell score
   Pretreatment     8.1 ± 4.1    5.7 ± 3.2 
   Post-treatment    6.0 ± 3.4a    5.4 ± 3.1 
Mean ALT level (nkat/L)
   Pretreatment 3390 ± 2438 2438 ± 2296
   Post-treatment   901 ± 918   551 ± 233
   24 wk off-treatment 1503 ± 1336 1987 ± 1720
Serum HBV DNA (log10)
   Pretreatment    7.7 ± 1.2    7.6 ± 0.8
   Post-treatment  4.05 ± 1.3a    4.9 ± 1.2a 
   24 wk off-treatment    5.1 ± 1.6    5.3 ± 1.3
Intrahepatic HBV DNA (log10) 
   Pretreatment    6.1 ± 0.9    5.6 ± 1.5
   Post-treatment    4.9 ± 1.4a    4.7 ± 1.2a 
Intrahepatic ccc DNA (log10) 
   Pretreatment    5.6 ± 1.1    5.8 ± 0.5
   Post-treatment    3.5 ± 1.2a    3.9 ± 1.9 
Sustained virological response rate at
   24 wk off-treatment 29.4% (15/51) 30% (3/10)
ALT normalization rate at 
   24 wk off-treatment 39.3% (24/51) 30% (3/10)

aP < 0.05 vs post-treatment. ALT: Alanine aminotransferase; ccc DNA: 
Covalently closed circular DNA.
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of  patients were infected with HBV genotype C and 14.1% 
with HBV genotype B. There was no significant difference 
in serum HBV DNA level, intrahepatic HBV DNA and 
ccc DNA load, as well as in biochemical and histological 
findings before and after treatment between the two 
groups. Twenty-four weeks after treatment withdrawal, 
sustained virological response rate and ALT normalization 
rate were very similar (P > 0.05), indicating that HBV 
genotypes (B and C) have almost no effect on intrahepatic 
HBV DNA, ccc DNA load and the long-term efficacy of  
antiviral therapy.

In conclusion, 48-wk sequential lamivudine - INF-α 
therapy and lamivudine therapy can significantly reduce 
HBV DNA and ccc DNA compared to 24-wk INF-α 
monotherapy. Low baseline intrahepatic ccc DNA 
level may predict the long-term efficacy of  antiviral 
treatment. Reduction in intrahepatic ccc DNA is 
positively correlated with the change in intrahepatic 
HBV DNA, and the ccc DNA level is correlated with 
the serum HBeAg titer. Intrahepatic ccc DNA level is 
not significantly affected by the HBV genotype. Since the 
sample was not large enough, well-designed and placebo-
controlled studies are needed.
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 COMMENTS
Background
Little effect of antiviral agents on ccc DNA is the main reason for the rebound 
of HBV DNA after antiviral treatment. It is, therefore, important to measure 
intrahepatic ccc DNA for monitoring antiviral treatment. The aim of this study was 
to evaluate the effects of antiviral agents and HBV genotypes on intrahepatic ccc 
DNA in HBeAg-positive chronic hepatitis B patients.

Research frontiers
After antiviral treatment, relapse occurs in the great majority of chronic hepatitis 
B patients, and the main reason for the rebound of HBV DNA to its pretreatment 
level is that the currently available antiviral agents have little effect on ccc DNA 
(covalently closed circular DNA). Since ccc DNA has been found mainly in liver 
tissues, how it works or changes due to the action of antiviral agents remains 
unclear. If it could be taken as a parameter for monitoring antivirus treatment need 
further study.

Innovations and breakthroughs
It was a first-hand report about the effect of INF-α monotherapy and HBV 
genotypes on intrahepatic ccc DNA, the relationship between baseline intrahepatic 
ccc DNA level and the long-efficacy of antiviral treatment.

Applications
Antiviral agents can significantly reduce intrahepatic ccc DNA load, but the 
duration of treatment should be long enough. Low baseline intrahepatic ccc DNA 
level may predict the long-term efficacy of antiviral treatment, and can be used as 
an optimal parameter for monitoring antiviral treatment. 

Terminology
ccc DNA (covalently closed circular DNA): After virion enters a susceptible hepatocyte, 
HBV DNA is then enters the nuclei where it forms a convalently closed circular DNA 
called ccc DNA. The (-) strand of such a ccc DNA is the template for transcription by 
cellular RNA polymerase Ⅱ of a longer-than-genome-length RNA called pregenome 
and a shorter subgenomic transcript, all of which serve as mRNAs.

Peer review
Effects of the currently available antiviral drugs for chronic hepatitis B are not 
satisfactory. The main reason for the rebound of HBV DNA after therapy is the 
sustained existence of ccc DNA pool. The aim of this study was to evaluate the 
effects of antiviral agents and HBV genotypes on intrahepatic ccc DNA in HBeAg-
positive chronic hepatitis B patients. The authors found that 48-wk sequential 
lamivudine - INF-α therapy and lamivudine monotherapy could significantly reduce 
ccc DNA compared to 24-wk INF-α monotherapy. Low baseline intrahepatic 
ccc DNA level may predict the long-term efficacy of antiviral treatment and HBV 
genotypes (C and B). 
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