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Background: Understanding the prevalence of potential
antigenic variation of the hepatitis B virus (HBV) surface
antigen (HBsAg) is fundamental for assay design and to
future changes in vaccine formulation. In this study, the
nature and frequency of HBsAg polymorphisms occurring
in France in chronic carriers and in newly diagnosed
patients were determined. We focused on variations in
the major hydrophilic region (MHR), the central core of
HBsAg known to be exposed on the surface and involved
in antibody binding.
Methods: Two patient groups were identified: 51 chronic
HBV carriers followed at our institution for >1 year; and
129 newly diagnosed patients (63 of whom had a first
HBsAg-positive result at our hospital laboratory and 66 a
first positive result in a private laboratory).
DNA sequences of HBsAg were obtained from these
180 patients and compared with consensus sequences
built with 168 full-length HBV sequences imported
from GenBank. Polymorphisms of the MHR of HBsAg

were analysed with the Mutation Master Software.
Literature review and BLOSUM scores were used to
define potentially altered antigenicity.
Results: The global frequency of MHR variants was
27.8%. Occurrence of MHR variants was independent of
viral load, HBeAg status and sex, but was associated with
the chronic carriers’ group, advancing age, the presence
of antibodies to HBsAg, immunoprophylaxis administration, antiviral treatment and genotypic resistance to
antivirals. In multivariate analysis, the independent variables associated with MHR variants were advancing age
and the presence of genotypic resistance to nucleoside or
nucleotide analogues.
Conclusion: Most MHR variants emerge with longer
disease duration and upon indirect selective pressure.
Variation of the MHR may serve to restore virus replication of resistant strains. Combined envelope and
polymerase variants could impair diagnostic assays and
limit treatment alternatives.

Introduction
Chronic hepatitis B (CHB) affects over 300 million
individuals worldwide. The risk of hepatitis B virus
(HBV) transmission through blood exposure or
vertical contamination has dramatically reduced over
the past three decades through the use of sensitive tests
to screen HBV in blood donors and pregnant women
and through the implementation of vaccination
programs [1]. The serological diagnosis of acute and
chronic HBV infections is based on the detection of the
small hepatitis B surface antigen (HBsAg) encoded by
the S gene, and most assays detect as little as 0.1 IU/ml
of HBsAg [2]. Although the three-dimensional structure of HBsAg is unknown, structure–function studies
indicate that its central core, extending from amino
acids 99 to 169, is exposed at the surface and involved
in binding to antibodies directed against HBsAg [3].
© 2007 International Medical Press 1359-6535

This region, referred to as the major hydrophilic region
(MHR), contains eight cysteine residues that maintain
the conformational structure and are highly conserved
among HBV subtypes [4]. Antibodies found in vaccinated patients or patients with resolved HBV infection
are directed to this region and, in particular, to a
cluster of B-cell epitopes called the ‘a’ determinant,
which comprises amino acids 124–147. HBsAg
immunoassays also use antibodies that target the
MHR and the ‘a’ determinant. Point substitutions in
the S gene due to selection or natural variation may
induce conformational changes and affect the antigenicity of HBsAg. These mutations can lead to falsenegative results depending on the targeted epitope
used in the HBsAg assay [5–9] and account, in part,
for so-called occult HBV infections [7,10,11]. Point
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mutations also have clinical implications such as
vaccine escape. A vaccine escape mutant harbouring
an arginine instead of a glycine at position 145 of the
S gene (sG145R) was first identified in children born
from HBV-positive mothers [12]. This mutant and
others might not be neutralized by antibodies induced by
the recombinant vaccine and cause infection in vaccinated individuals [13]. These variants also partially
account for breakthrough infections in liver transplant
recipients receiving passive immunoprophylaxis [14,15].
MHR variants can occur naturally in chronic carriers
who have not received active or passive HBV immunization [7,10]. Their prevalence among chronic
carriers is generally assumed to be low; however, the
prevalence of MHR variants was 24% for chronic
carriers in Japan [16], up to 28% in Taiwan [17], close
to 40% in Spain [18] and close to 50% in Korea [19].
From previous studies, virological or clinical factors
associated with MHR variants include age, advanced
liver disease, hepatitis B virus e antigen (HBeAg)-negative status and the presence of antibodies against HBsAg
(anti-HBs) [16,17,19–22]. The understanding of the
prevalence, diversity and potential antigenic alteration
of HBsAg variants is fundamental for assay design and
to change vaccine formulations in the future. For this
purpose, we determined the nature and frequency of
MHR polymorphisms of HBV strains detected in
different clinical settings in France. The influence of the
observed polymorphisms on the overlapping reverse
transcriptase reading frame was also considered.

Materials and methods
Patients
We defined two groups of patients (Table 1). A first
group (group A) included 51 patients followed at our
institution for >1 year. All had a viral load
>1,500 copies/ml. HBV sequencing was routinely

performed to identify genotypic resistance to nucleoside
or nucleotide analogues in 44 patients; among them, 36
were on lamivudine monotherapy of whom two had
previously escaped from hepatitis B immunoglobulin
(HBIG) prophylaxis, one was on adefovir monotherapy
and had previously escaped from HBIG prophylaxis,
one had lamivudine therapy combined with adefovir,
one had lamivudine combined with HBIG and five had
no treatment but had previously received lamivudine.
Among these 44 patients, four were co-infected with
human immunodeficiency virus (HIV) and had received
lamivudine as part of their antiretroviral therapy.
Mutations associated with nucleotide or nucleoside
analogue resistance were found in 20/44 patients. HBV
sequencing was performed to identify HBsAg mutations
responsible for HBIG escape in four patients who had
HBV recurrence within 3 years of liver transplantation;
two of them were transplanted for HBV cirrhosis and
two had received an anti-HBc-positive liver graft. All
four were receiving HBIG monoprophylaxis and
presented mutations associated with HBIG escape at
position 144 and/or 145 of the S gene. In addition, HBV
sequencing was performed in three patients with
chronic hepatitis B who tested HBsAg-positive with the
immunoassay used in our laboratory, but HBsAg-negative with other assays. None of these three patients was
treated with nucleoside or nucleotide analogues at the
time of sequencing.
A second group (group B), included 129 patients
with newly diagnosed hepatitis B. Sixty three of these
were selected from 143 consecutive HBsAg-positive
patients who visited our centre in 2004 for the first
time. Among these 143 newly diagnosed patients, 42
(29.4%) had an undetectable HBV viral load and 63
patients among those with detectable viraemia had
viral loads >1,500 copies/ml and were selected for
sequencing. Of these, two had acute hepatitis. The
remaining 61 patients had chronic hepatitis and only

Table 1. Characteristics of the 180 HBsAg-positive patients with viral loads >1,500 copies/ml

Age, years ±SD
Male, n (%)
Viral load, log copies/ml
D Genotype, n (%)
HBIG exposure, n (%)
Nucleoside or nucleotide analogue exposure, n (%)
Genotypic resistance to antivirals, n (%)
Anti-HBe positivity, n (%)
Anti-HBs positivity, n (%)
HIV-positive status, n (%)

Group A (n=51)

Group B (n=129)

P-value

48.1 ±13.8
41/51 (80.4)
7.03
20/51 (39.2)
8
44 (86.3)
20 (39.2)
35/51 (68.6)
7/32 (21.8)
4/51 (7.8)

40 ±16
88/129 (68.2)
7.46
39/129 (30.2)
0
5 (3.9)
4 (3.1)
60/86 (69.8)
1/57 (1.7)
8/63 (12.7)

0.001
0.14
0.06
0.32
<0.001
<0.001
<0.001
0.95
0.005
0.59

Anti-HBe, antibody against hepatitis B virus e antigen; anti-HBs, antibody against hepatitis B virus surface antigen; HBIG, hepatitis B immunoglobulin; HBe, hepatitis
B virus e antigen; HBs, hepatitis B virus surface antigen.
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five HIV-coinfected patients were receiving an anti-HIV
treatment that was also active against HBV: either
lamivudine alone (4/5) or lamivudine and tenofovir
(1/5). A further 66 patients were selected from among
166 consecutive HBsAg-positive patients having a first
positive HBsAg result at the Laboratoire Claude Levy
(LCL) between 1st May and 30th June 2005. Of these
166 newly diagnosed patients, 40 (24.1%) had an
undetectable HBV viral load and 66 among those with
detectable HBV DNA had viral loads >1,500 copies/ml
and were selected for sequencing. No clinical information was available for these 66 patients except that
none was receiving any antiviral therapy.

Serological assays
HBsAg was detected with the EtiMak4 ELISA assay
(DiaSorin, Salluggia, Italy) in patients from groups A
and in hospital-diagnosed patients from group B. The
remaining patients from group B were tested with the
AxSYM HBsAg V2 (Abbott Diagnostics, Delkenheim,
Germany). When enough serum was available, HBe
status was determined with the Vidas HBe assay
(Biomérieux, Marcy l’Etoile, France) and anti-HBs
status was determined with the Monolisa anti-HBs Plus
assay (Biorad, Marnes la Coquette, France).

HBV DNA quantification
Viral load was quantified in all sera by using the
Cobas HBV Monitor assay (Roche Diagnostics,
Meylan, France).

HBV sequencing
HBV sequencing was performed with the TRUGENE
HBV assay (Bayer Diagnostics, Puteaux, France), as
recommended by the manufacturer. Briefly, 200 μl of
serum was extracted using the QIAmp DNA blood
Mini Kit (QIAgen, Les Ulis, France). A 1,200 bp fragment of the HBV genome was amplified from 5 μl of
extracted DNA and added to a set of four CLIP
sequencing reaction tubes. This chemistry produces bidirectional sequences using two fluorescent primers.
The 520 bp reaction products are submitted to electrophoresis on the sequencer. Forward and reverse
sequences are combined and automatically aligned
with reference sequences. Sequencing allows the detection of minor variants when they constitute >20% of
the viral quasispecies. When a mixed population was
present at a given position, only the variant form was
taken into account for subsequent analysis.

Sequence analysis
From GenBank, 168 sequences of the complete HBV
genome [23] were imported and aligned with
CLUSTAL X. A protein consensus sequence of the
MHR, amino acids 102–169, was built with these 168
Antiviral Therapy 12:8

sequences by selecting the most frequent amino acid at
each position. In addition, a consensus sequence was
built for each genotype. Clinical sequences were
imported from the TRUGENE software and aligned.
HBV genotype was determined by phylogenetic
analysis using MEGA software version 2.1 [24].
Each amino acid position of clinical sequences was
compared to the consensus sequence with the Mutation
Master software (http://tandem.bu.edu/cgi-bin/mutationmaster/mutmast.exe). This program allows the
position and frequency of specific changes to be visualized and enables variable and conserved positions to be
identified starting from the multiple alignment data file
of the 180 clinical sequences. Mutation Master distinguishes positions with many different amino acids from
those with a high frequency of only one or two substitutions. A position with only one or two naturally
occurring substitutions may be subjected to more
constraints than positions with a higher variability.
Mutation Master also allows the graphical presentation of BLOSUM scores (Blocks Matrix Substitution),
reflecting changes in the chemical and structural
properties of the amino acids [25].
The same sequence analysis was conducted for the
overlapping reverse transcriptase sequence encompassing
amino acids rt111–rt235, according to the consensus
numbering system for HBV reverse transcriptase [26].

Statistical analysis
Age, sex, HBeAg and anti-HBs status, viral loads and
genotype distribution were compared between the three
groups. The frequency of MHR variants was analysed
according to age, sex, HBe and anti-HBs status, viral
load, HBV genotype, antiviral treatment and the presence of genotypic resistance to antivirals on the overlapping reverse transcriptase open reading frame. The χ2
or Student’s t tests were used. Multivariate analysis was
conducted with StatView software version 5.0.

Results
Demographic and viral characteristics of the two groups
Patients’ characteristics are presented in Table 1.
Patients from group A, followed at our centre mostly
for chronic hepatitis, were older than the newly diagnosed patients of group B. They were more frequently
exposed to antiviral agents or HBIG and more often
had resistant strains. Anti-HBs positivity was more
prevalent in this group and HBV viral load tended to be
lower than in group B (7.03 log UI/ml versus 7.46 log
UI/ml; P=0.06). The groups were similar in terms of sex
ratio, HBV genotype distribution, HBeAg status and
frequency of HIV infection. Genotype D was detected
in >30% of the patients in each group and genotype A
was detected in ~20% of cases in each group. The
1257
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Figure 1. Nature of MHR polymorphisms and frequency of single-character variation within the MHR (amino acids 102–168)
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The upper part of the figure represents the consensus amino acid sequence of the major hydrophilic region (MHR) and variation found in different genotypes (A-G).
The lower part represents the substitutions observed in the different reference strains and clinical sequences from group B and group A. Substitutions highlighted with
grey squares correspond to substitutions associated with diagnostic and/or vaccine and/or immunoprophylaxis escape or to substitutions with BLOSUM scores ≤-3, or
to both. Numbers associated with amino acid symbols correspond to the number of occurrences of a given amino acid when >1. The frequency of variation is given as
a percentage. The positions with highest degrees of polymorphism were 103, 125 and 127 for the 168 reference strains and 118, 120, 125, 127, 129, 130, 133, 134, 144
and 145 for the 180 clinical sequences.

prevalence of genotype E was <10% in patients from
group A, but reached 25% in group B.
HBeAg and anti-HBe were tested in all group A
patients and in 86 patients from group B. Anti-HBepositive patients were significantly older than antiHBe-negative patients (48 ±13 years versus 35.5 ±16
years; P<0.0001). Anti-HBs was tested in 32 patients
from group A and in 57 patients from group B. AntiHBs positivity was found in 8/89 tested patients.

Polymorphism of the major hydrophilic region
The amino acid sequence of the MHR was deduced
from the nucleotide sequence (GenBank accession
numbers DQ855663 to DQ855842). Mixed populations were observed at the amino acid level in 11/51
sequences from group A (21.6%) and in 34/129
(26.3%) sequences from group B. Only the variant
amino acid was taken into account. The nature and
frequency of MHR polymorphisms of reference and
clinical sequences are shown in Figure 1. Fifteen
invariant positions among the 68 studied positions
(22%) are common to the 348 sequences. Genotypedependent polymorphisms were not regarded as
mutants. In addition, considering the high frequency
of T125M and P/L127T substitutions, they were not
taken into account for analysis. Literature review and
BLOSUM scores were used to define substitutions
1258

associated with potentially altered antigenicity of
HBsAg. This includes substitutions previously
reported to be associated with diagnostic or immune
escape [7,10,15,27–29] and substitutions with
BLOSUM scores ≤-3. This cut-off was chosen because
-3 is the BLOSUM score of the sG145R substitution
known to significantly alter HBsAg antigenicity [15].
Such positions are highlighted by grey squares in
Figure 1. The most frequent substitutions of this type
in reference sequences were T/I126A (1.8%) and
D144E/V (1.8%); in clinical sequences, they were
M133I/T/L, D144E/G/A/V and G145R/A/K (6.1%),
followed by P120S/T/Q/L (5.5%), Q129R/H/N and
E164G/D/V (3.8%), F/Y134N/S/L (3.3%), S/T143M/L
(2.2%), T123N (1.6%), and T/I126N/A and F/L158S
(1.6%). The extent of MHR variability would be
much higher if all observed substitutions were taken
into account.

Nature and frequency of MHR variants with potentially
altered antigenicity
Variants harbouring substitutions associated with
potentially altered antigenicity are listed in Table 2.
Their frequency was 7% (12/168) in reference
sequences and 27.8% (50/180) in clinical sequences,
including 44 strains with mutations within the ‘a’
determinant, amino acids 121–147 (24.4%).
© 2007 International Medical Press
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Table 2. Nature of MHR substitutions, HBV genotype, antiviral treatment exposure and genotypic resistance to antivirals of
50 variant strains
Antiviral
treatment

HBV genotype

MHR mutations

A
A
A
B
B
C
C
C
D
D
D
D
E
G
A
D
D
D
E
G
A
A
A
D
A
A
B
C
D
D
D
D
D
D
D
D
E
E
A
A
B
C
D

M133L
LAM
D144E, G145R
LAM
G145A, E164D
LAM
M133I, S132F
LAM
M133L
LAM
Q129N
LAM
Q129N
LAM
I110R, S117I, G119R, T123N, C124R
ADV
P108L, E164V
LAM
M133I, F/Y134H, S/T143M
LAM
P120Q, F/Y134V, D144G, A166G
LAM
Q129H, G130E, M133T
LAM
G145A
HBIG/LAM
Q129H, E164D
LAM
L109V, F/Y134L
LAM
T118K, M133T, S136Y, S/T143M
LAM
M103I, G112R, L109I, S113A, P120T, F/Y134S
T118R, G145R
HBIG/LAM
F/Y134V, D144E
LAM
P108H, S154L
LAM
P120S, D144E, G145R
HBIG
D144A, A/G159E
HBIG
P142S, G145R
HBIG
F/Y134H, P142L, D144E, G145R
HBIG
T118V, P120Q, T126A, D144G, G145R
Q129R, G130N
T126A, M133I, W156G, E164V
T126N
P120T, S132F, F/Y134N, P135A, D144G, I150T
P120L, T123N, D144G
F/Y134N
F/Y134N
S143L
G145R
E164G
G112A, M133T, T140I, Y/F161H
A129V, G130R
D144E
P120L
A/G159V
M133L
G145A
L109Q, S113A, S114A, T116A, P120S, T123N, F/Y134I
P135R, P150L, P151L
L109M, M133T, F/Y134N
Q129R, F158S
G130N, M133I
P120T
Q129H
D144V, G145K
S143L

D
D
D
E
E
E
F

Previous
treatment

HBIG

HBIG

Genotypic resistance
(RT mutations)
L180M, M204V
L180M, M204V
V173L, L180M, M204V
M204I
L180M, M204V
L180M, M204V
L180M, M204V
A181T
A181T
M204I
L180M, M204V
L180M, M204V
L180M, M204V
V173L, L180M, M204V

LAM
HBIG

Group*
A
A
B
A
A
A
A
A
A
A
A
B
A
B
A
A
A
A
A
A
A
A
A
A
B
B
A
B
A
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
A

*Study group. ADV, adefovir; HBIG, hepatitis B immunoglobulin; LAM, lamivudine; MHR, major hydrophilic region; RT, reverse transcriptase.
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Table 3. Differences between patients with variant or wild-type MHR

Membership of group A, n
Mean age, years ±SD
Male, n
Viral load, log copies/ml
Genotype D, n
Anti-HBe-positive, n
Anti-HBs-positive, n
HIV-positive status, n
Previous or actual nucleoside analogues, n
Previous or actual HBIG, n
Mutations associated with antiviral resistance, n

Variant n=50

Wild type n=130

P-value

24/50
49.1 ±13.7
35/50
7.2
20/50
30/42
8/33
6/39
20/50
8/50
14/50

27/130
40.1 ±15
94/130
7.4
39/130
65/95
0/56
6/75
29/130
0/130
10/130

0.0005
0.0002
0.90
0.28
0.27
0.88
0.0004
0.36
0.027
0.00002
0.0008

Anti-HBe, antibody against hepatitis B virus e antigen; anti-HBs, antibody against hepatitis B virus surface antigen; HBIG, hepatitis B
immunoglobulin; HBe, hepatitis B virus e antigen; HBs, hepatitis B virus surface antigen; MHR, major hydrophilic region.

No significant relationship was found between genotype distribution and potential antigenic alteration: the
frequency of MHR variants was 17.5% (for genotype
E), 21.7% (for genotype C), 23.8% (for genotype A),
32% (for genotype D) and 42.9% (for genotype C).
Potentially altered antigenicity was independent of
viral load, HBeAg status, sex and HIV status, but was
associated with membership of group A, advancing
age, anti-HBs-positive status, previous or actual HBIG
administration, previous or actual treatment by nucleoside or nucleotide analogues and genotypic resistance
to nucleoside or nucleotide analogues (Table 3). In
multivariate analysis (logistic regression), the independent variables associated with MHR variants were
advancing age (r=1.039, 95% confidence interval [CI]
1.014–1.034; P=0.0019) and genotypic resistance to
antivirals (r=3.454, 95% CI 1.361–8.764; P=0.0091).
The frequency of mutations between positions 139
and 147, the epitope cluster that regularly undergoes
mutations after vaccination or anti-HBs administration,
was 12.2% (22/180). This type of mutation represented
44% of MHR variants. Eight of these 22 patients were
anti-HBs-positive, of whom six were receiving HBIG
prophylaxis, but mutations of this epitope were also
found in 11 anti-HBs-negative patients.
Among the 49 patients with nucleoside or nucleotide
analogue exposure, 24 had developed genotypic resistance. MHR variants were found in 20/49 (40.8%)
treated patients and in 14/24 (58.3%) patients with
treatment-induced mutations of the P gene. If the 17
patients with only L180M/M204V/I and M204I are
looked at, the same proportion of MHR variants is
found: 10/17 (58.8%).
Clinical data were available for 39 patients with
potential antigenic alteration. Hepatocarcinoma was
found in 11 cases (28.2%), immunosuppression (HIV
coinfection, renal transplantation, dialysis or cancer
1260

chemotherapy) in nine cases (23.1%), and liver transplantation with immunoprophylaxis escape in seven
cases (17.9%).

Analysis of overlapping reverse transcriptase
reading frame
The amino acid sequence of the viral reverse transcriptase
(rt111–rt235) was deduced from DNA sequences and
includes B and C domains of the reverse transcriptase.
This sequence encompasses amino acids 102–226 of
HBsAg. The 180 clinical sequences and the 168 reference
sequences were plotted on the same graph to identify
polymorphic and conserved domains (Figure 2). B and C
domains of the reverse transcriptase present very few
polymorphisms, despite amino acid variability of the
overlapping HBsAg frame. By contrast, the region
between domains A and B (up to amino acid 164) is
highly polymorphic and corresponds to the MHR of
HBsAg. A second polymorphic zone is evidenced
between the C and D domains. Thus, reverse transcriptase functional domains appear constrained with only
substitutions corresponding to antiviral resistance.

Discussion
The present study addresses the question of the
frequency and the factors associated with polymorphisms of the MHR of HBsAg in a large population of
180 HBsAg-positive French patients. The global
frequency of such variants was 27.8%. This frequency is
similar to frequencies observed in Japan [16] or Taiwan
[17], but less than the frequencies (~40%) reported in
Spain [18] or Korea [19]. Advancing age and genotypic
resistance to antivirals were the main and independent
factors associated with MHR variants in this series,
suggesting that most variants emerge with longer disease
duration and upon indirect selective pressure.
© 2007 International Medical Press
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Figure 2. Single-character variation of HBsAg and overlapping reverse transcriptase sequence for the 180 clinical isolates
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The 180 clinical sequences and the 168 reference sequences were plotted on the same graph to identify polymorphic and conserved domains. The major hydrophilic
region (MHR) and ‘a’ determinant are represented for hepatitis B surface antigen (HBsAg); B and C domains are represented for the reverse transcriptase (RT). The
height of the bars indicates the fraction of the population with a given substitution.

Previous studies have shown that patients with
advancing age and end-stage liver disease exhibited
higher S gene variability than patients with acute selflimited hepatitis [19–21]. S gene mutations accumulate
during the natural history of chronic hepatitis B, particularly after development of hepatitis or loss of HBeAg
[30]. In the present study, most patients were HBeAgnegative and this status was associated with advancing
age, but not with MHR variants, suggesting that
immune selection pressure is not the main factor for
MHR variation in this series. However, the role of
immune selection in the emergence of S variants has
been previously noted in specific settings. This is the
case with vaccine failure in neonates born from
HBsAg-positive mothers [17,31] or in breakthrough
infection after liver transplantation in patient receiving
passive immunoprophylaxis [14,15]. Several reports
have described HBsAg variation in chronic carriers
where HBsAg was associated with anti-HBs antibodies
[16,22,32,33]. We indeed found anti-HBs positivity
associated with MHR variants in univariate analysis. All
patients with anti-HBs antibodies presented mutations
Antiviral Therapy 12:8

within the 139–147 epitope that undergoes mutations
after vaccination or anti-HBs administration. Six of
these eight patients had received anti-HBs immunoprophylaxis and were studied at the time of viral breakthrough. Alterations of this epitope were also found in
eight anti-HBs-negative patients of whom only one had
a previous immunoprophylaxis. Nevertheless, this type
of variant represents only 44% of all variants, suggesting
that MHR variation is not mainly due to neutralization
escape. Our finding is consistent with the results of
Zhang et al. [34], indicating that there was no significant difference in the occurrence of HBsAg variation in
patients with or without anti-HBs.
In addition to direct selective pressures on S protein,
indirect selective pressures can be exerted due to HBV
genome organization into overlapping reading frames.
As a consequence, treatment of chronic hepatitis B
carriers by nucleoside analogues results in the selection
of reverse transcriptase mutations that produce
changes in the overlapping S gene. Substitutions within
the HBsAg protein downstream of the ‘a’ determinant
arising from lamivudine-selected mutations may result
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in changing antigenicity [29]. The association that we
found between MHR variants and genotypic resistance
to lamivudine is a different phenomenon. We found a
high variability of the reverse transcriptase reading
frame, particularly between amino acids 118 and 153.
The S gene mutations P120T and G145R that produce
the reverse transcriptase changes rtT128N and
rtW153Q have been found to restore in vitro the replication phenotype of lamivudine-resistant strains [35].
Other mutations in the S gene could thus also be
compensatory mutations of the reverse transcriptase
protein. In another setting, older age and previous
resistance to lamivudine is associated with a higher
probability of the emergence of adefovir resistance
[36]. Both situations may reflect the ability of the
virus to accumulate mutations and restore virus
fitness over time.
Some authors have shown the accumulation of
mutations due to high level replication without selection pressure. Long-term immunosuppression has been
associated with a number of alterations of the HBV
genome, including deletions in the C gene in the preS1/2 and the X regions and several point mutations at
different positions [37,38] that are probably related to
high replication rates. HBsAg mutations have also
been reported in immunodepressed clinical settings
such as haemodialysis patient populations [39] and in
patients reactivating from resolved HBV status after
immunosuppression [40,41]. Among patients with
MHR variants in the present study, about 25% were
immunosuppressed due to HIV coinfection, renal
transplantation, dialysis or cancer chemotherapy.
The localization of polymorphic and invariant positions found within the MHR is in accordance with
topological models that predict exposed and buried
regions. Exposed fragments show high diversity while
supposedly buried regions (107–111, 136–139 and
147–157) [3] are highly conserved. This conservation
may be due to either the lack of any positive selection
pressure (no elicitation of antibodies) or a strong structural constraint. The prediction of structural and
biochemical effects from amino acid substitutions is
always difficult, especially when the three-dimensional
structure of the protein is still unknown. The BLOSUM
score provides information about the conservative or
non-conservative nature of each substitution in reference to the consensus amino acid. The highest score is
that of the consensus amino acid, and the lowest score
is that of a very rare substitution that is likely to alter
the structure/function of the protein. Some of the
samples containing HBV mutants with low BLOSUM
scores have been tested with different commercial
assays [8]. Of these, a sample with the substitutions
I110R, S117I, G119R, T123N and C124R was
detected by only one of the six tested assays.
1262

In conclusion, we have shown that the prevalence
of MHR variants is high in HBsAg carriers in
France. Most of these polymorphisms are not associated with immune selection but with disease duration, as we found a clear association with age. The
relation with antiviral resistance suggests that
specific mutations within the MHR may serve to
restore replication fitness of resistant strains. With
the widespread use of lamivudine and other nucleoside analogues for HBV treatment, combined envelope and reverse transcriptase variants could become
a public health problem, impairing diagnostic assays
and limiting treatment alternatives.
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