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Hepatitis B virus (HBV) genomes show a high rate of mutations. This can lead to a variety of amino acid changes in the surface
and polymerase genes, causing changes in viral protein conformation that can result in diminished antibody binding or de-
creased secretion of surface antigen (HBsAg). HBV monitoring increasingly relies on HBsAg detection and quantification, and
therefore epidemiological data on HBsAg mutations are needed. We therefore analyzed the frequency of HBsAg mutations possi-
bly influencing the quantification of HBsAg (MUPIQHs) in an unselected patient collective. To this end, we determined the HBV
surface and polymerase gene sequences of an unselected patient collective of 237 individuals chronically infected with HBV and
analyzed the MUPIQHs in these sequences using three different online HBV sequence analysis tools. We found that 17 or 34% of
the patients, depending on the online interpretation algorithm used, harbored MUPIQHs and that MUPIQHs were not signifi-
cantly associated with the duration of disease, treatment, or HBV genotype. Thus, this study shows that a substantial amount of
HBV sequences derived from unselected patients chronically infected with HBV carry MUPIQHs, and therefore the reliability of
routine quantitative and qualitative HBsAg tests needs to be reevaluated.

Hepatitis B virus (HBV) can cause chronic infection, which can
lead to cirrhosis, end-stage liver disease, and hepatocellular

carcinoma (1), and it is estimated that more than 240 million
persons are chronically infected worldwide (2). HBV genomes
show a high rate of mutations because the virus replicates via
reverse transcription of an RNA intermediate, and this process
lacks proofreading mechanisms (3).

The S open reading frame (ORF), which codes for the hepatitis
B surface protein (HBsAg), is overlapped by the polymerase (P)
gene. Therefore, mutations in the polymerase gene associated with
drug resistance can result in changes in the HBV surface protein
(4–7). These, and mutations introduced in the S ORF by other
mechanisms, can influence virion secretion (3). They can also
reduce binding of HBsAg to anti-HbS antibodies (8), particularly
when they occur in the so-called “a” determinant in the major
hydrophilic loop (MHL) region of the HBsAg, which is the major
antibody neutralization determinant of HBsAg (9). Because the
interaction between HBsAg and anti-HbS antibodies is also the
basis for routine HBV diagnosis and therapy monitoring by quan-
titative and qualitative detection of HBsAg (1, 10), changes in
HBsAg influencing the interaction with antibodies or secretion of
virions might have an impact on the results obtained by these
diagnostic assays. This is especially relevant since HBsAg quanti-
tative measurements are now discussed as a predictor to guide
treatment decisions (11, 12).

Based on viral genome sequence variability, eight HBV geno-
types have been defined by specific mutations and a divergence of
�8% in the whole genome, and they have been labeled A to H
(13). The clinical impact of the virus genotype in regard to treat-
ment response, to viral mutation patterns associated with drug
resistance, and to MHL mutations is not entirely clear (10).

For the rapid online genetic interpretation of HBV sequence
data, three internet tools are available free of cost: HIV-grade HBV
drug resistance interpretation (DRI), (14), Geno2pheno[HBV]
(G2P) (15), and Stanford HBVseq (STAN) (16). All three of these
programs have thus far been developed for research use only and
to predict patient virus genotype and known drug resistance-as-

sociated mutations from P. In addition, G2P and DRI also predict
published mutations in S associated with “escape” or with dimin-
ished antibody binding.

The aim of the present study was to assess the frequency of
mutations in S that were associated either with diminished anti-
body binding to HBsAg or with reduced secretion of HBsAg, col-
lectively termed MUPIQHs here, and which might thereby influ-
ence detection of HBsAg by diagnostic tests in a collective of
routinely investigated chronically HBV-infected patients. In addi-
tion, we sought to determine the concordance of three online
hepatitis B sequence analysis algorithms on the basis of the se-
quence data collected.

MATERIALS AND METHODS
Patients. In the present study, one plasma sample from each of 237 indi-
viduals who had a chronic infection with HBV as defined by the World
Health Organization (WHO) HBV guidelines (2) and who were 18 years
or older was included. The samples were collected between September
2007 and September 2009 in the course of routine laboratory HBV tests.
Patients were only included if a viral sequence could be gathered from
their respective sample. Of the 237 patients, 90 (38%) were female, and
147 (62%) male. The median age was 41 years, with a range of 18 to 75
years. For 183 (77%) patients the duration of the disease was known,
showing a median of duration 3 years, with a range of 0 to 42 years. The
treatment history was known for 227 (96%) patients, with 165 (70%)
patients being treatment naive. The remaining 62 patients received inter-
feron (IFN) (20%), nucleoside/nucleotide analogues (NUKs) (29%), or a
combination of both (15%). The treatment duration was available for 62
(26%) patients. The mean IFN treatment duration was 48 � 4 weeks in all
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cases used in the calculations. The median duration of therapy with NUKs
was 15 months (range, 2 to 130 months). The study was approved by the
local ethics committee.

PCR and sequencing. Archived plasma samples obtained for routine
diagnostic purposes were retrospectively analyzed. DNA was purified from
samples using the QIAamp MinElute media kit (Qiagen, Hilden, Germany).
Quantitative PCR was performed on a COBAS TaqMan HBV test platform
(Roche, Basel, Switzerland). HBV strains present in the samples were se-
quenced according to a previously described protocol (18) using an ABI 3130
XL genetic analyzer (Applied Biosystems, Foster City, CA). Sequence and base
polymorphism analysis was done using SeqScape software, v.2.7.

Bioinformatic analysis. The overlapping surface and polymerase
reading frames were analyzed using the internet tools HIV grade HBV
drug resistance interpretation (DRI) (14) and Geno2pheno[HBV] (G2P)
(15). The sequences were genotyped by analyzing P, while S was analyzed
for mutations possibly associated with diminished antibody binding.
Changes of note detected in the sequences were recorded. All mutations
associated with reduced antibody binding detected using these two sys-
tems are designated MARABs. Only HBsAg mutations shown by other
authors to impact either qualitative or quantitative detection of HBsAg
were included (19–21). In addition, all relevant mutations in the P se-
quence were detected and interpreted using the DRI, G2P, and Stanford
HBVseq (STAN) algorithms (16). Sequences were genotyped by all three
algorithms. All sequences were also tested with the STAN quality assur-
ance subprogram and found to be free of frameshifts and stop codons. All
MARABs, together with mutations previously shown to reduce HBsAg
secretion, and with certain mutations arising in HBsAg as a consequence
of drug resistance-associated P mutations, are designated MUPIQHs
here.

Statistics. Statistical analysis was performed using SPSS and Graph-
Pad Prism. A P value of �0.05 was considered statistically significant.
Samples from patients where single characteristics were unknown were
excluded from the respective calculation. Concordance between the two
bioinformatics tools used to analyze MARABs was assessed using Cohen’s
weighed kappa (22). In this model, results range from 0 (no concordance)
to 1 (perfect concordance). The relationship between antiviral therapy,
type of therapy, and genotype with MARABs was determined by eta coef-
ficients, and significance was tested by chi-square tests.

RESULTS
Analysis of patient samples for HBs and polymerase mutations.
In a first step, we analyzed how frequent HBsAg mutations asso-
ciated with reduced antibody binding to HBsAg (MARAB) occur
in the HBV strain sequences retrieved from the samples included
in the study. This was performed by the analysis algorithms DRI
and G2P. We only included mutations in our analysis for which
recent literature shows an impact on qualitative, quantitative, or
both HBsAg assays (19–21). With the use of DRI, MARABs were
detected in the HBsAg region in 63 (27%) of the 237 sequences
analyzed, and the analysis by G2P identified such mutations in 30
(13%) sequences. An overview of the individual mutations iden-
tified and their frequency is presented in Fig. 1.

Due to the differences in the results obtained by both interpre-
tation tools, we have further compared the two interpretation as-
says for overall concordance in the assignment and frequency of
MARABs using Cohen’s weighed kappa. DRI and G2P had a Co-
hen’s weighed kappa of 0.56 (standard error of 0.058, 95% confi-
dence interval of 0.444 to 0.672), signifying better-than-average
concordance between the two assays. DRI consistently reported
more S mutations than G2P, single mutations as well as combina-
tions. The difference was found to be due to position s127, which
is rated as a MARAB in DRI and not in G2P. Mutation s127 ap-

pears at a relatively high frequency, and this is reflected in the
concordance calculation. In Fig. 1, these differences are shown.

Next, the frequency of polymerase drug resistance mutations was
assessed in the study samples. The sequences of the polymerase gene
derived from the patient samples were analyzed using the DRI, G2P,
and STAN interpretation systems. The data revealed that in 22 of the
237 sequences (9%) polymerase mutations which are associated with
drug resistance were present. The concordance of mutations identi-
fied as relevant for resistance between all interpretation tools was
100%. However, the interpretation of these mutations by the three
algorithms differs. Where STAN just lists detected drug resistance-
associated mutations, G2P and DRI rate them on a scale of three
resistance “levels” (susceptible, possibly resistant, and resistant), and
some mutations are assigned a different rating by the respective sys-
tem. When rating the mutations, G2P and DRI concurred in 9 of 22
cases. A detailed overview of the concordant and discordant results
obtained by the two assays is presented in Table 1.

We further investigated whether and to what extent drug resis-
tance mutations in P occur in the patient samples which poten-
tially influence antibody binding and/or HBsAg secretion in the

FIG 1 HBV surface gene mutations associated with diminished antibody binding
(MARAB) identified in the study sequences, according to the two HBV sequence
analysis algorithms. DRI, HIV-grade HBV drug resistance interpretation; G2P,
Geno2pheno[HBV]. The numbers indicate the number of sequences. (Left) Mu-
tations for which predictions by the algorithms were concordant. (Right) Muta-
tions for which predictions by the algorithms were discordant. (*), Counted as a
single mutation in G2P and a double mutation in DRI.

Simon et al.

164 jcm.asm.org Journal of Clinical Microbiology

http://jcm.asm.org


corresponding S sequence. Since neither of the interpretation al-
gorithms includes these mutations, they were assessed according
to previously published data (23). The analysis of the 22 sequences
with resistance mutations in P revealed that 19 of these sequences
contained mutations which potentially influence antibody bind-
ing and/or HBsAg secretion in the corresponding S sequence,
namely, pA181T, pM204I, and pM204V. Adding these sequences
to those with MARABs as detected by the algorithms brings the
total of sequences with mutations possibly influencing quantita-
tive detection of HBsAg (MUPIQHs) to 72 (30% of all sequences
analyzed) when using DRI and to 44 (19% of all sequences ana-
lyzed) when using G2P. An overview of the mutations in P de-
tected in our sequences is shown in Table 1.

Genotyping and assignment of sequences to patients’ coun-
try of origin. We then analyzed the HBV sequences for their ge-
notype. Alignment and phylogenetic analysis using the respective
P nucleotide sequence was performed, and the samples were ana-
lyzed by three interpretation systems. The concordance of pre-
dicted genotypes between the three interpretation systems used
was 100%. Overall, 37 samples were assigned to genotype A, 17 to
genotype B, 23 to genotype C, 155 to genotype D, and 5 to geno-
type E. The patients’ country of origin could be determined by
chart review in 186 cases. The association between country group
of origin and genotype is presented in Fig. 2.

Correlation between MARAB, patient data, and treatment.
Finally, we analyzed whether the MARABs in the HBV sequences of

TABLE 1 Sequence analysis results for resistance-associated mutations in the polymerase sequence (P) of samples and their rating as determined by
DRI and G2P

Mutation in P associated
with drug resistancea

Interpretationb

No. of strainsc (%)DRI G2P

T184S I, entecavir I, entecavir 1 (4.5)
M204I R, lamivudine; R, telbivudine R, lamivudine; R, telbivudine 7 (32)
N236T R, adefovir R, adefovir 1 (4.5)
A181V, N236T R, adefovir R, adefovir; I, lamivudine 1 (4.5)
A181T, M204I R, lamivudine; R, telbivudine R, lamivudine; R, telbivudine; I, tenofovir 1 (4.5)
L180M, M204I R, lamivudine; R, telbivudine; I, entecavir R, lamivudine; R, telbivudine 1 (4.5)
L180M, M204V R, lamivudine; R, telbivudine; I, entecavir R, lamivudine; R, telbivudine 6 (27)
L180M, T184A, M204V R, lamivudine; R, telbivudine; R, entecavir R, lamivudine; R, entecavir; I, telbivudine 1 (4.5)
L180M, T184S, M204V R, lamivudine; R, telbivudine; R, entecavir R, lamivudine; R, entecavir; I, telbivudine 1 (4.5)
V173L, L180M, M204V R, lamivudine; R, telbivudine; I, entecavir R, lamivudine; I, telbivudine 2 (9)
a All positions refer to codons in P.
b I, intermediate (DRI) or possible (G2P) resistance; R, resistance. Discordant interpretations in the algorithms are indicated by gray shading. DRI, HIV-grade HBV drug resistance
interpretation; G2P, Geno2pheno[HBV] result.
c That is, the number of strains with the respective mutation.

FIG 2 HBV genotypes of the 237 individuals included in the study, grouped according to the patients’ region of origin. Patient countries of origin were assigned
to one of four groups: Western (W.) Europe, Eastern (E.) Europe, Africa, and Asia.
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the routinely investigated patients show a correlation with specific
aspects, including duration of disease, treatment, and HBV genotype.

First, we tested whether the duration from diagnosis of HBV
infection until the time point of observation correlated with the
number of MARABs in the sequence of the patient’s HBV strains.
The data for the time of diagnosis of HBV infection was available
for 183 patients. We could not find a correlation between those
two factors (P � 0.370 and r � 0.067 for DRI and P � 0.830 and r �
0.016 for G2P [Spearman rank correlation, two-tailed P value]).
We then investigated whether there is a correlation between the
patients’ antiviral treatment and the presence of MARABs in the
sequences of the patients’ HBV strains. For our analyses, we sum-
marized individuals who had received IFN (including IFN-�2a,
IFN-�2b, pegylated IFN-�2a, or pegylated IFN-�2b) into one
group (designated IFN), patients who had received lamivudine,
telbivudine, or adefovir into a second group (nucleoside/nucleo-
tide analogues [NUKs]), and patients who had received both in
any combination of these into a third group (IFN and NUKs).
Treatment data were available for 227 patients. Of these, 165
(73%) were treatment naive when tested, and 62 patients (27%)
had experienced anti-HBV treatment before the samples were col-
lected. No significant difference in MARABs detected by the dif-
ferent algorithms was observed when the HBV strains of the 62
individuals who had received any kind of treatment were com-
pared to those of the 165 treatment-naive individuals (eta � 0.060
and P � 0.189 for DRI and eta � 0.410 and P � 0.273 for G2P
[chi-square test]). We further compared the presence of MARABs
in HBV sequences obtained from the individual treatment groups.
No difference in the frequency of MARABs was associated with the
type of treatment, IFN, NUKs or both, respectively (eta � 0.186
and P � 0.565 for DRI and eta � 0.089 and P � 0.976 for G2P
[chi-square test]). We then tested whether the duration of treat-
ment correlated with the amount of MARABs detected in se-
quences. Data for the duration of treatment were available for all
62 treated patients, and no correlation of MARABs with duration
of treatment was found (P � 0.819 and r � 0.030 for DRI and P �
0.190 and r � �0.169 for G2P [Spearman rank correlation, two-
tailed P value]). We finally investigated whether the HBV geno-
type is associated with the occurrence of MARABs. The frequency
of relevant MARAB mutations detected by any of the algorithms
did not differ significantly between the different genotypes only
applicable for G2P, because DRI includes the serotype variant
P127T (eta � 0.085 and P � 0.733 for G2P [chi-square test]).

DISCUSSION

The present study revealed that in a substantial proportion of
HBV strains detected in patients with chronic HBV infections,
mutations associated with reduced antibody binding to HBsAg
can be identified.

Thus far, the epidemiology and frequency of MARABs in Eu-
rope and the United States is not clear. Previous analyses about the
frequency of S ORF mutants leading to reduced antibody binding
mostly only focused on the detection of the so-called “escape”
mutations such as sG145R, sT131I, or sP120T. These mutations
are known for their interference with antibody binding through
disruption of the “a” determinant structure (24, 25) and are more
frequent in risk groups in the United States and Western Europe,
such as chronic carriers of HBV and immunosuppressed individ-
uals (26, 27). In the present study, 1.7% of the sequences of the
chronically HBV-infected patients showed such escape muta-

tions. This low frequency of classical escape mutations occurring
in the present HBV sequences is in accordance with the low fre-
quency of these mutations described for the overall chronically
HBV-infected European and U.S. population (27). For other
MARAB mutations, the epidemiological situation in Europe is
unclear. Our data now reveal that these other MARAB mutations
were found much more frequently, in 13 or 27% of our study popu-
lation, respectively, depending on the interpretation system used.
Thus, the frequency of these mutations is clearly higher than that of
the classical escape mutations. However, while it has been shown that
HBV strains carrying the classical escape mutants can escape from the
host antibody response elicited by HBV infection or vaccination (23)
and thus have clinical implications (24), this has not yet been shown
for the other MARABs and needs to be further elucidated.

Aside from the clinical implications, mutations in the S region
of an HBV strain may have an effect on the results obtained by
HBsAg detection tests used for routine diagnosis. The mutations
in S can roughly be divided into three categories. The first category
comprises the MARABs described previously (13–16, 28, 29),
which are detected by the G2P and DRI algorithms and which
cause a reduction in anti-HbS antibody binding, thereby possibly
impairing the HBsAg detection in the patient’s samples (3, 30, 31).
Second, defined mutations may arise in S as a consequence of drug
resistance associated mutations in P because the two genes share
an overlapping reading frame (4, 5) and may also influence HBs
antibody binding. Finally, mutations in S have been described that
do not affect the interaction between HBsAg and antibodies but
do impair HBsAg secretion and may thereby lead to reduced HB-
sAg levels in the patient’s blood. These S mutations also occur as a
consequence of gene overlap with P and are predominantly se-
lected during antiviral therapy (6, 7, 32). When we included pub-
lished mutations from these three categories, collectively termed
MUPIQHs (3, 5, 6, 20, 27, 31, 33) in our analysis, we found a
relatively high total frequency of such mutations. The presence of
MUPIQHs in patient HBV strains may influence the diagnostic
detection and quantification of HBsAg tests. Qualitative measure-
ment of HBsAg is used for routine diagnosis of HBV infection, and
a loss of HBsAg is associated with a favorable outcome (34). Quan-
titative measurement of this antigen is supposed to play an in-
creasingly important role in prediction and monitoring of treat-
ment response, (11) and is under investigation as a marker for
NUK treatment endpoints (23). MUPIQHs may lead to a decrease
in binding of test antibodies to HBsAg in the patients’ samples,
and it has already been described that some mutations may
thereby render HBsAg undetectable by certain commercial qual-
itative HBsAg detection assays (8, 24, 30, 31, 33). We show here
that many of the patient HBV strains carry such MUPIQHs, and
this may provide a substantial diagnostic problem for the detec-
tion of HBsAg in patient samples.

For the quantitative measurement of HBsAg, two platforms are
mostly used for the quantification of HBsAg: the Abbott Architect
(Abbott Diagnostics, Abbott Park, IL) and the Elecsys HBsAg II
(Roche Diagnostics GmbH, Mannheim, Germany) (35, 36). With
respect to MUPIQHs, these platforms were tested for their ability
to detect an array of HBsAg mutants (23, 28, 29, 37), and both
were able to detect most of the mutant HBsAg (28). The study
design, however, tested for detection only and not for accurate
quantification. Recently, it was proven that MUPIQHs can affect
HBsAg quantitation by using wild-type virus HBsAg compared to
HBsAg with MUPIQ point mutants quantified using the Architect
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and Elecsys assays, (21). Many of the mutations examined in the
present study were also detected in the sequences from our patient
samples, suggesting that 17 (7%) samples would lead to HBsAg
quantification problems, as described previously (21). Another
recent study shows that in occult HBV infection, where S muta-
tions are common, only 7 of 20 mutant HBsAg variants were de-
tected in both quantitative assays. In addition, the assays also did
not quantify the mutant HBV strains correctly, which showed
mutations similar to those we identified in the present study (8).
Another study using standard concentrations of HBsAg mutants
for analysis shows that the relative light units used to measure
qualitative HBsAg varies widely in various mutant HBsAg sam-
ples, although the concentration of HBsAg was the same for all
samples (37). On the basis of these data and also taking into ac-
count the high frequency of mutations we observed in the present
study, the introduction of HBsAg quantitative measurement as a
predictor of treatment response or a treatment endpoint should
be carefully evaluated with regard to all MUPIQHs. In addition,
the sequence analysis of the patient HBV strains for MUPIQHs
may aid in the interpretation of quantitative HBsAg data.

In the present study we also demonstrated that the online in-
terpretation algorithms (DRI and G2P) used show a good concor-
dance in the detection of MARABs. The assignment of MARABs
differs only for three amino acid variations between the two anal-
ysis tools, of which our analysis only takes one into account. The
mutation sP127T is assigned as relevant for diminished antibody
binding to HBsAg by DRI but not by G2P. One study (38) de-
scribes the mutation P127T, and there is evidence that it can cause
HBsAg to not be detected by some assays (19). This mutation, a
HBsAg serotype determinant (39), occurred at a relatively high
frequency as one of a cluster of mutations usually associated with
altered antigenicity. When the algorithms for genotyping and de-
tecting drug resistance mutations in P (STAN, G2P, and DRI)
were used, however, they concurred in 100% of the cases.

Different HBV genotypes were detected in HBV-infected pa-
tients presenting in Viennese hospitals, and these are strongly as-
sociated with the epidemiological situation in the countries of
origin of the patients (40–42). The dominance of genotype D se-
quences in our collective is mostly due to the fact that many of the
HBV-infected patients seen in Vienna, Austria, originated from
Eastern Europe, where this genotype is predominant (20, 42).

One limitation of the present study is the fact that patients were
only included if a sequence could be amplified from their virus
strains. This excludes patients with HBsAg in their blood but no
detectable or amplifiable DNA. Therefore, the patient collective is
not completely random but, due to the great variation in patient
characteristics, we think it is still representative.

In conclusion, the present data show that a relatively high fre-
quency of MUPIQHs exists in HBV strains circulating in Euro-
pean countries. The present findings may have significant impli-
cations for the interpretation of routine qualitative and
quantitative HBsAg detection assays and underline that careful
evaluation of diagnostic tests regarding mutants influencing anti-
HBsAg antibody binding or secretion is needed.
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