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METHODS: The proportion of pre-core (G1896A) and
basal core promoter (A1762T and G1764A) mutant viruses and serum levels of hepatitis B virus (HBV) DNA,
hepatitis B surface antigen (HBsAg), and HB core-related
antigen were analyzed in chronic hepatitis B patients
before and after HBeAg seroconversion (n = 25), in
those who were persistently HBeAg positive (n = 18),
and in those who were persistently anti-HBe positive (n
= 43). All patients were infected with HBV genotype C
and were followed for a median of 9 years.
RESULTS: Although the pre-core mutant became
predominant (24% to 65%, P = 0.022) in the HBeAg
seroconversion group during follow-up, the proportion
of the basal core promoter mutation did not change.
Median HBV viral markers were significantly higher
in patients without the mutations in an HBeAg positive status (HBV DNA: P = 0.003; HBsAg: P < 0.001;
HB core-related antigen: P = 0.001). In contrast, HBV
DNA (P = 0.012) and HBsAg (P = 0.041) levels were
significantly higher in patients with the pre-core mutation in an anti-HBe positive status.
CONCLUSION: There is an opposite association of
the pre-core mutation with viral load before and after
HBeAg seroconversion in patients with HBV infection.
Key words: Seroconversion; Hepatitis B core-related
antigen; pre-core; Basal core promoter; Mutation; Hepatitis
B surface antigen; Hepatitis B virus DNA
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Abstract

Core tip: The exact roles of pre-core (pre-C) and basal
core promoter (BCP) mutations remain unclear before
and after hepatitis B e antigen (HBeAg) seroconversion.

AIM: To investigate the role of pre-core and basal core
promoter (BCP) mutations before and after hepatitis B
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such patients. Since the follow-up duration of these
previous reports was limited, this study analyzed the
changes in pre-C and BCP mutations among patients who
were followed over a longer time course. Furthermore,
we assessed the mutations not only in patients who
seroconverted from HBeAg to anti-HBe, but also in those
whose HBeAg or anti-HBe positive status did not change
during follow-up.

Here, although the pre-C mutant became predominant
in the HBeAg seroconversion group during follow-up,
the proportion of the BCP mutation did not change.
Hepatitis B virus (HBV) viral markers were significantly
higher in patients without the mutations in an HBeAg
positive status. HBV DNA and hepatitis B surface antigen
levels were higher in patients with the pre-C mutation
in an anti-HBe positive status. Taken together, the
association of the pre-C mutation on viral load appears
to be opposite before and after HBeAg seroconversion
in patients with HBV infection.

MATERIALS AND METHODS
Patients
Three groups of patients with chronic hepatitis B who
were categorized according to HBeAg/anti-HBe positive
status were enrolled between 1985 and 2000. The
subjects were selected retrospectively from a database of
patients who had been followed for at least two years,
had not received anti-viral therapy, such as nucleos(t)ide
analogues, and whose stored serum samples were available from both the start and end of follow-up. We recruited only patients with HBV genotype C since this
genotype is predominant in Japan and because the clinical
significance of pre-C and BCP mutations differs among
genotypes. The first group consisted of 18 patients whose HBeAg was persistently positive throughout the study
period. The second group contained 25 patients in whom
HBeAg seroconverted to anti-HBe. The third group was
made up of 43 patients whose anti-HBe was persistently
positive.
Hepatitis B surface antigen (HBsAg) was confirmed
to be positive on at least two occasions a minimum of
6 mo apart in all patients before the start of follow-up.
Tests for hepatitis C and human immunodeficiency virus
antibodies were negative in all subjects. Patients who
demonstrated accompanying hepatocellular carcinoma
or signs of hepatic failure at the initial follow-up were
excluded from the study.
Stored serum samples were kept frozen at -20 ℃ or
below until assayed. This study was approved by the Ethics
Committee of Shinshu University School of Medicine.
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INTRODUCTION
Hepatitis B virus (HBV) infection is a major health concern that has an estimated 350 to 400 million carriers
worldwide. Chronic infection with HBV can cause chronic
hepatitis, which may eventually develop into liver cirrhosis
and hepatocellular carcinoma[1-4].
In the natural history of chronic HBV infection, seroconversion from hepatitis B e antigen (HBeAg) to its
antibody (anti-HBe) is usually accompanied by a decrease
in HBV replication and the remission of hepatitis[5-7]. Thus,
HBeAg seroconversion is a favorable sign for patients with
chronic hepatitis B. However, there are some patients who
persistently exhibit elevated HBV DNA levels in the serum
and active liver disease, even after seroconversion[8,9].
Several mutations in the HBV genome have been
reported to associate with HBeAg seroconversion. When
the pre-core (pre-C) and core genes in the HBV genome are
transcribed and translated in tandem, HBeAg is produced
and secreted into the circulation[10,11]. The G to A mutation
at nucleotide (nt) 1896 in the pre-C region (G1896A),
which converts codon 28 for tryptophan to a stop codon,
is associated with the loss of detectable HBeAg[12,13]. The
double mutations of A1762T and G1764A in the basal
core promoter (BCP) of the HBV genome have also been
shown to reduce HBeAg synthesis by suppressing the
transcription of pre-C mRNA[14-16]. However, the detailed
mechanisms of HBeAg seroconversion, including the
involvement of mutations that decrease the production
of HBeAg, have not been fully clarified. Orito et al[17]
reported that a predominance of the pre-C mutation
was correlated with anti-HBe, while BCP mutations
were not associated with either anti-HBe or HBeAg. We
previously uncovered that the pre-C and BCP mutations
were frequently seen in patients with active replication
after HBeAg seroconversion, but not in those with inactive replication[18], which suggested that HBeAg seroconversion was not associated with either mutation in
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Conventional hepatitis B viral markers
Serological markers for HBV, including HBsAg, HBeAg,
and anti-HBe, were tested using commercially available
enzyme immunoassay kits (Fujirebio Inc., Tokyo, Japan)[19].
HBsAg was quantified [20] using a chemiluminescence
enzyme immunoassay (CLEIA)-based HISCL HBsAg
assay manufactured by Sysmex Corporation (Kobe, Japan). The assay had a quantitative range of -1.5 to 3.3 log
IU/ml. End titer was determined by diluting samples
with normal human serum when initial results exceeded
the upper limit of the assay range.
Serum HBV DNA was determined using a COBAS
TaqMan HBV kit (Roche, Tokyo, Japan)[21] with a quantitative range of 2.1 to 8.9 log copies/ml. According to
the manufacturer’s instructions, detection of a positive
signal below the quantitative range was described as a
positive signal and no signal detection was considered
to be a negative signal. Six HBV genotypes (A-F) were
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Table 1 Clinical and virological backgrounds among 3 groups of patients classified according to changes in hepatitis B e antigen/
anti-hepatitis B e
Characteristic
Continuously +/(n = 18)
Age (yr)1
Gender (M:F)
Follow-up period (yr)1
Genotype C2
Viral markers at first follow-up
HBV DNA (log copies/mL)1
HBsAg (log IU/mL)1
HBcrAg (log U/mL)1
Viral markers at final follow-up
HBV DNA (log copies/mL)1
HBsAg (log IU/mL)1
HBcrAg (log U/mL)1

P value

HBeAg/anti-HBe status
From +/- to -/+
(n = 25)

44 (24-63)
11:7
6.3 (2.1-14.6)
18 (100)

37 (18-53)
14:11
10.8 (2.0-23.7)
25 (100)

8.6 (5.7-> 8.9)
4.6 (1.6-5.5)
> 6.8 (5.5->6.8)

6.1 (< 2.1-> 8.9)
3.6 (-0.9-4.6)
6.8 (3.1-> 6.8)

7.1 (< 2.1-> 8.9)
3.3 (1.0-5.1)
6.7 (4.4-> 6.8)

3.3 (neg.-6.2)
2.8 (< 0.05-2.8)
< 3.0 (< 3.0-6.2)

Continuously -/+
(n = 43)
51 (25-77)
24:19
8.5 (2.2-16.6)
43 (100)

< 0.001
> 0.2
0.006
1

< 2.1 (< 2.1-8.2)
2.6 (< 0.05-4.3)
3.0 (< 3.0-6.8)

< 0.001
< 0.001
< 0.001

< 2.1 (neg.-7.0)
1.3 (< 0.05-4.2)
< 3.0 (< 3.0-5.3)

< 0.001
< 0.001
< 0.001

Data are expressed as the median (range); 2Data are expressed as a positive number (%). HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; HBsAg:
Hepatitis B surface antigen; HBcrAg: Hepatitis B core-related antigen.
1

evaluated according to the restriction patterns of DNA
fragments from the method reported by Mizokami et
al[22]. Serum hepatitis B core-related antigen (HBcrAg)
levels were measured using a CLEIA HBcrAg assay
kit with a fully automated Lumipulse System analyzer
(Fujirebio Inc.) as described previously[23,24]. The HBcrAg
assay simultaneously measured all antigens (e, core, and
p22cr) encoded by the pre-C/core genes of HBV. The
immunoreactivity of pro-HBeAg at 10 fg/ml was defined
as 1 U/ml. We expressed HBcrAg in terms of log U/ml
with a quantitative range of 3.0 to 6.8 log U/ml.

established detection limits of 1000 copies/mL.
Full HBV genome sequencing
The nucleotide sequences of full-length HBV genomes
were determined by a method reported previously [27].
Briefly, two overlapping fragments of an HBV genome
were amplified by PCR, and then eight overlapping HBV
DNA fragments were amplified by nested PCR. All
necessary precautions to prevent cross-contamination were
taken and negative controls were included in each assay.
The sequencing reaction was performed according to the
manufacturer’s instructions (ABI Prism BigDye Terminator
Cycle Sequencing Ready Reaction Kits, Version 3.1; Foster
City, CA) with an automated ABI DNA sequencer (Model
3100, Applied Biosystems Carlsbad, CA).

Determination of pre-C and BCP mutations
The pre-C and BCP mutations were determined using
nucleic acid samples extracted from 100 μL of serum
with a DNA/RNA extraction kit (Smitest EX-R and D;
Genome Science Laboratories Co., Ltd., Tokyo, Japan).
The stop codon mutation in the pre-C region (A1896)
was detected with an enzyme-linked mini-sequence assay
kit (Smitest; Genome Science Laboratories). In principle,
G1896 in wild type HBV and A1896 in the mutant were
determined by mini-sequence reactions using labeled
nucleotides that were complementary to either the wild
type or mutant[25]. The results were expressed as percent
mutation rates according to the definition by Aritomi
et al[26] Samples were judged as positive for the pre-C
mutation when the mutation rate exceeded 50% in the
present study since the mutation rate was found to steadily
increase to 100% once surpassing 50%[25].
The double mutation in the BCP was detected using
an HBV core promoter detection kit (Smitest; Genome
Science Laboratories)[25,26]. This kit detected T1762 and/
or A1764 using the polymerase chain reaction (PCR)
with primers specific for either wild type or mutant BCP.
Results were recorded as wild, mixed, or mutant type.
The pre-C and BCP mutations were tested at the start
and end of follow-up with kits having manufacturer-
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Statistical analyses
The proportions of clinical factors were compared among groups using the χ 2 and Fisher’s exact probability
tests. Group medians were compared by means of the
Mann-Whitney U test and Kruskal-Wallis test. The
changes in proportions of the pre-C and BCP mutations
between the study start and end points were compared
using McNemar’s test. All tests were performed using
the IBM SPSS Statistics Desktop for Japan ver. 19.0 (IBM
Japan Inc., Tokyo, Japan). P values of less than 0.05 were
considered to be statistically significant.

RESULTS
Patients
The clinical and virological backgrounds of the 3 groups
are summarized in Table 1. Median age was lowest in
patients with seroconversion, intermediate in those with
persistent HBeAg, and highest in those with persistent
anti-HBe. Gender ratio was similar among the 3 groups.
Following our study design, all patients had HBV ge-
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notype C.

HBsAg, and HBcrAg according to pre-C and BCP mutation and HBeAg and anti-HBe positive status (Figure
2). Both pre-C and BCP mutations could be evaluated in
57 (93%) of 61 HBeAg positive samples and 86 (77%)
of 111 HBeAg negative samples. HBV DNA levels were
significantly higher in an HBeAg positive status than in
an anti-HBe positive status (P < 0.001) and significantly
higher in patients without the mutations than in those
with at least one mutation in an HBeAg positive status
(P < 0.01). On the other hand, HBV DNA levels were
significantly lower in patients without the pre-C mutation
than in those with it in an anti-HBe positive status (P =
0.012).
A similar tendency to HBV DNA levels was observed
for HBsAg levels. HBsAg levels were significantly higher in an HBeAg positive status than in an anti-HBe
positive status (P < 0.001) and significantly higher in
patients without the mutations than in those with at least
one mutation in an HBeAg positive status (P < 0.001).
HBsAg levels were significantly higher in patients with
the pre-C mutation than in those without it irrespectively
of the existence of the BCP mutation (P = 0.041).
HBcrAg levels were significantly lower with presence
of pre-C and/or BCP mutations in an HBeAg positive
status (P < 0.05, respectively). HBcrAg levels were
uniformly low regardless of the presence of mutations
in anti-HBe positive status subjects.

Changes in pre-C and BCP mutations
The presence of the pre-C mutation could be evaluated
in 60 (98%) of 61 HBeAg positive samples and 94 (85%)
of 111 HBeAg negative samples. We were able to assess
the existence of the BCP mutation in 57 (93%) of 61
HBeAg positive samples and 86 (77%) of 111 HBeAg
negative samples.
The changes in the proportion of the pre-C mutation
between the start and end of follow-up are shown
in Figure 1A. Wild type pre-C accounted for 94% of
patients whose HBeAg was continuously positive at
study onset and remained constant. Wild type pre-C was
also predominant at the start of follow-up (76%, 19/25)
in patients who experienced HBeAg seroconversion, but
the mutant type had become predominant (P = 0.022)
by the end of follow-up (65%, 15/23); 11 of 19 wild
type pre-C patients converted to mutant type, while 2 of
6 patients with mutant type pre-C reverted to wild type.
Mutant type pre-C accounted for 62% of the patients
who were continuously positive for anti-HBe at study
onset. Such patients with wild type pre-C at the start of
follow-up tended to maintain this status (78%), although
22% of initially mutant type pre-C subjects had changed
to wild type by the study end point (P = 0.687).
Of the 143 samples with determined BCP mutations,
34 (24%) were wild, 11 (8%) were mixed, and 98 (69%)
were mutant types. Because few patients with mixed
type BCP reverted to wild type in the present and past
studies[18], samples were considered to be positive for the
BCP mutation when they were either mixed or mutant
type.
The changes in the proportion of the BCP mutation
between the start and end of follow-up are shown in
Figure 1B. Mutant type BCP accounted for 61% of patients
whose HBeAg was continuously positive at study onset and
remained constant. In patients who experienced HBeAg
seroconversion, mutant type BCP was predominant at
the start of follow-up (84%, 21/25) and remained so
(80%, 16/20) until final follow-up; 3 of 4 patients with
wild type BCP and 15 of 16 patients with mutant type
BCP maintained their status throughout the study period.
Mutant type BCP initially accounted for 82% of patients
who were continuously positive for anti-HBe. Both wild
(60%) and mutant (84%) types tended to remain constant
until the study end point. When all points of measurement
were counted for which both pre-C and BCP mutations
were evaluated, the prevalence of the pre-C mutation
(18%, 9/57) was significantly lower than that of the BCP
mutation (82%, 42/57) in patients with persistent HBeAg
(P < 0.001), as well as in subjects with persistent anti-HBe
[62% (53/86) vs 78% (67/86), P = 0.030], albeit to a lesser
degree.

Full genome sequences in patients with and without
appearance of the pre-C mutation
Full HBV genome sequences were determined after
HBeAg seroconversion in 6 patients who seroconverted
without the appearance of the pre-C mutation. All patients
were positive for BCP mutations: 1 subject had T1753G
and C1766T mutations, although the other mutations
reported by Okamoto et al[14] were not identified.

DISCUSSION
Although both pre-C and BCP mutations have been
associated with HBeAg seroconversion by reducing the
production of HBeAg[13-15], their manifestation patterns
appear to be different[17]. In the present study, the BCP
mutation was already prevalent during the HBeAg
positive chronic hepatitis phase and approached 80%
around the time of HBeAg seroconversion. On the other
hand, the pre-C mutation clearly manifested following
the time of seroconversion. These results indicate that
the appearance of the pre-C mutation, but not the BCP
mutation, is directly associated with seroconversion. It
is noteworthy that a considerable number of patients
experienced HBeAg seroconversion without evidence
of the pre-C G1896A mutation. Furthermore, wild type
pre-C remained unchanged in almost all patients whose
anti-HBe was continuously positive. Thus, two types
of HBeAg seroconversion may exist for chronic HBV
in terms of the appearance or absence of the G1896A
pre-C mutation. We previously speculated on the possible

Comparison of viral loads according to pre-C/BCP
mutation and HBeAg/anti-HBe positive status
We next compared the serum levels of HBV DNA,
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A

B

HBeAg/anti-HBe
status

Start of follow-up

End of follow-up
88%

Continuously +/(n = 18)

94%

P = 0.500
6%
Determined/total
18/18

Determined/total
16/17

12%
100%

HBeAg/anti-HBe
status

Start of follow-up

57%
Continuously +/(n = 18)

Determined/total
1/1

39%

P = 0.250

Seroconverted
from +/- to -/+
(n = 25)

76%

P = 0.022

24%
Determined/total
25/25

38%
Continuously -/+
(n = 43)

P = 0.687
62%
Determined/total
42/43

33%
67%

Determined/total
6/6

80% Determined/total
10/16
20%
22%

43%

Determined/total
18/18

100%

67%
16%
Seroconverted
from +/- to -/+
(n = 25)

P = 1.000
84%

33%

Determined/total
4/4

92% Determined/total
16/21

60%
18%

Determined/total
78%
18/26

Determined/total
7/11

8%

Determined/total
25/25

Continuously -/+
(n = 43)

Determined/total
7/7

61%

35%

Determined/total
65%
17/19

End of follow-up

P = 1.000
82%

40%

Determined/total
5/7

16%

Determined/total
40/43

84%

Determined/total
19/33

Figure 1 Comparison of changes in pre-core (A) and basal core promoter (B) mutation type among 3 groups of patients classified according to hepatitis B e
antigen /anti-hepatitis B e positive status. A: A significant difference was seen in patients with hepatitis B e antigen (HBeAg) seroconversion (P = 0.022). One patient
whose pre-core (pre-C) mutation was undetermined at the start of follow-up was wild type at the end point; B: Of the 3 patients whose basal core promoter (BCP)
mutation was undetermined at the start of follow-up, 2 were wild type and 1 was undetermined at the end point. HBeAg: hepatitis B e antigen.

pressure [14]. Contrary to the HBeAg positive phase,
HBV DNA was significantly higher in subjects with the
pre-C mutation in an anti-HBe positive phase. Kawabe
et al[28] have reported that patients with wild type pre-C
demonstrate significantly lower viral loads and ALT levels
than those with mutant pre-C among HBeAg negative
patients with HBV genotype C infection. Collectively,
these results imply that patients with the pre-C mutant
have a higher potential to progress to hepa-titis after
HBeAg seroconversion. This is consistent with the fact
that HBeAg negative hepatitis is usually caused by HBeAg non-producing mutant strains of HBV. Indeed,
viral replication seems to be considerably suppressed in
patients with wild type HBV after achieving HBeAg seroconversion since this strain has the ability to produce
HBeAg when actively replicated.
We adopted serum levels of HBsAg, HBcrAg, and
HBV DNA in the present study as markers to estimate
HBV replication activity. HBsAg and HBcrAg levels
have been reported to reflect HBV cccDNA levels in
hepatocytes[20,24,29]. HBsAg has also attracted attention as a
useful predictor of treatment outcome by interferon and
others[30]. Furthermore, the loss of HBsAg is an important
indicator in the treatment of HBV carriers. HBcrAg
assays simultaneously measure all antigens encoded by
the pre-C/core genome, which include the HB core, e,
and p22cr antigens, and have been reported to predict
the clinical outcome of patients treated with nucleotide
or nucleoside analogues[31]. HBsAg patterns according

existence of two seroconversion types in an analysis of
HBV patients who experienced seroconversion[18]. Here,
we were able to strengthen this notion by including
patients who maintained an HBeAg or anti-HBe positive
status in a study of longer duration. It should be noted
that the absence of the pre-C G1896A mutation does
not necessarily indicate the absence of mutations that
halt HBeAg production; several patterns of mutations
apart from G1896A have been associated with an HBeAg
negative phenotype, such as point mutations in the ATG
initiation region and deletion/insertion of nucleotides
leading to premature termination [13]. Accordingly, we
analyzed full genome sequences in 6 patients who seroconverted without the appearance of the pre-C mutation
and uncovered T1753G and C1766T mutations in one
subject[14] that might be associated with seroconversion.
We observed that several patients reverted from mutant
pre-C to wild type in the present report. As this important
finding has not been confirmed by sequence analysis, we
are planning to determine and compare entire genomic
sequences using paired samples before and after HBeAg
seroconversion in a future study.
We witnessed that serum HBV DNA was significantly
lower in patients with the pre-C and/or BCP mutation in
an HBeAg positive phase, which indicated that immune
processes from the host to eliminate HBV were stronger
in individuals with the mutations than in those without.
This also supported the generally held belief that pre-C
and BCP mutations appear as a result of host immune
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HBeAg positive status

Anti-HBe positive status

P = 0.012

8.9

8.9

8

8

HBV DNA
(log copies/mL)

HBV DNA
(log copies/mL)

P = 0.003
P = 0.007

7
6
5
4
3
2.1

7
6
5
4
3
2.1

-/-/+
+/+/+
(n = 15) (n = 33) (n = 0) (n = 9)

-/-/+
+/+/+
(n = 11) (n = 22) (n = 8) (n = 45)

P = 0.041

5

5

4

4

3

3

HBsAg
(log IU/mL)

HBsAg
(log IU/mL)

P < 0.001
P < 0.001

2
1
0

2
1
0

-1

-1

-1.5

-1.5
-/-/+
+/+/+
(n = 15) (n = 33) (n = 0) (n = 9)

-/-/+
+/+/+
(n = 11) (n = 22) (n = 8) (n = 45)

6.8

6.8

6

6

HBcrAg
(log U/mL)

HBcrAg
(log U/mL)

P = 0.001
P = 0.020 P = 0.038

5
4
3

5
4
3

-/-/+
+/+/+
(n = 15) (n = 33) (n = 0) (n = 9)

-/-/+
+/+/+
(n = 11) (n = 22) (n = 8) (n = 45)
Pre-C/BCP status

Figure 2 Comparison of serum hepatitis B virus DNA, hepatitis B surface antigen, and hepatitis core-related antigen levels among patients with wild (-/-)
and mutant types of the pre-core and basal core promoter mutations. Fifty-seven of 61 samples obtained from HBeAg positive cases and 86 of 111 samples
obtained from anti-HBeAg positive cases were eligible for analysis. HBV: Hepatitis B virus; HBeAg: hepatitis B e antigen; HBsAg: Hepatitis B surface antigen; HBcrAg:
Hepatitis core-related antigen; pre-C: Pre-core; BCP: Basal core promoter.

to HBeAg/anti-HBe and pre-C/BCP status were similar
to HBV DNA patterns both in HBeAg and anti-HBe
positive states; HBsAg was significantly lower in patients
with pre-C and/or BCP mutations than in those with
wild type pre-C but was significantly higher in patients
with the pre-C mutation than in those without it in an
anti-HBe positive state. These results confirmed that the
pre-C mutation was oppositely associated with viral load
in patients before and after HBeAg seroconversion. Since
elevated levels of HBV DNA and HBsAg are related to
a higher rate of hepatocarcinogenesis, pre-C mutation
patterns appear to be clinically important, at least in the
context of HBV genotype C patients. We witnessed that
the patterns of HBcrAg were similar to those of HBV
DNA in the HBeAg positive state but different in the
anti-HBe positive state. This difference may reflect the
fact that the main antigen measured by the HBcrAg assay
is HBeAg.
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In conclusion, our findings indicate that the association
of the pre-C G1896A mutation on viral load is opposite
before and after HBeAg seroconversion in patients with
HBV infection in that its presence results in a higher viral
load after seroconversion. These observations may shed
light on the pathology and treatment of chronic hepatitis B,
especially that of an anti-HBe positive status.
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