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Chronic infection with hepatitis B virus (HBV) is an important cause of cirrhosis and cancer of the liver.
HBV is currently classified into eight genotypes, A to H. Accumulated evidence shows that the genotype
influences both the clinical course of infection and the response to treatment. We describe a new method for
genotyping based on TaqMan real-time PCR, which identifies all HBV genotypes without post-PCR processing.
In this assay, each sample is processed in four multiplex real-time PCRs, each targeting two or three
genotype-specific segments of HBV. By analyzing 185 samples representing all genotypes and different pro-
portions of genotype mixtures, we could validate high accuracy of the assay. We conclude that this new assay
represents a significant advancement for both diagnostics and clinical research because it is accurate, prac-
tical, and based on a technique that is well established in many virological laboratories.

Hepatitis B virus (HBV) has been classified into eight ge-
notypes, A to H, some of which have been further divided into
a number of subgenotypes. The original geographical distribu-
tion of the genotypes is well known (17, 24), but as a result of
migration and traveling, the predominant genotypes are today
A and D in Europe; A, D, and E in Africa; D in Central Asia
and the Middle East; A, C, and D in India; B and C in East
Asia; and A, D, F, and H in South America. Essentially all
genotypes are prevalent in multiethnic societies such as in
North America and Australia (6, 28).

During the past decade, accumulating evidence has demon-
strated that the HBV genotype has an impact on both prog-
nosis and treatment response, as well as on the pattern of
mutations emerging in the viral DNA (29). In particular, pa-
tients with genotype C are expected to experience a poorer
response to treatment and a worse prognosis in comparison
with those infected with genotype B, and genotype A patients
more frequently experience normalization of alanine amino-
transferase (ALT) levels, clearance of viral DNA, and clear-
ance of HBsAg than genotype D patients (16, 27). Due to the
clinical importance of the infecting genotype, it is likely that
genotyping of hepatitis B will become increasingly requested in
the clinical appraisal and before treatment of infected individ-
uals.

Several genotyping methods have been described, based
mainly on sequencing, restriction fragment length polymor-
phism (RFLP), PCR with genotype-specific primers, line probe
assay, or real-time PCR (4, 15, 17, 18, 20, 23, 25). Some of
these assays have limited accuracy, and most of them are sub-
optimal for modern high-throughput molecular diagnostics.

Here we describe a method that makes use of the TaqMan
real-time PCR in a multiplex manner in order to identify all
genotypes without the need for post-PCR steps. The assay is
easy to use and therefore is well suited for routine application
in the modern diagnostic laboratory.

MATERIALS AND METHODS

Samples. A total of 184 clinical samples representative of genotypes A through
G were included, of which 129 had been previously genotyped by RFLP (17). The
remaining 55 were analyzed by RFLP and/or by sequencing in parallel with the
TaqMan genotyping. The genotype G sample was kindly provided by Stephan
Günther (Hamburg, Germany).

As no sample representing genotype H was available, a synthetic control was
constructed, carrying a segment of the pre-S/S region of HBV genotype H
inserted into a pUC57 plasmid. This plasmid was synthesized by GenScript
Corporation (Piscataway, NJ).

DNA extraction and postelution. Viral DNA was extracted from samples by a
Magnapure LC robot (Roche Applied Science, Mannheim, Germany) with the
DNA I protocol. In a postelution step, also performed by the Magnapure robot,
the extracted DNA was loaded into a 96-well PCR plate that was preloaded with
the four genotyping reaction mixtures (as described below).

Multiplex TaqMan PCR. The MacVector software (MacVector Incorporated,
Cary, NC) was used for detailed investigation of the aligned sequences retrieved
from databases and representative of all genotypes. This analysis aimed at iden-
tifying signature nucleotides characteristic of each genotype. These positions
were then targeted by minor groove binding (MGB) probes or by the 3� end of
the forward or reverse primer in order to achieve discrimination. The Primer
Express (Applied Biosystems, Foster City, CA) software was used to obtain
suitable annealing temperatures for the primers and probes.

Ten sets of forward and reverse primers and 13 MGB probes were combined
in four multiplex reaction mixtures (Table 1; Fig. 1). Thus, each genotype was
identified by one or two specific real-time amplification sets, using either primer
or probe discrimination or a combination of both (Table 1). For each of geno-
types A, B, and C, two sets of primers and probes (AS/AC, BS/BpS, and CS/CpS)
were designed in order to correctly identify the various subgenotypes (21, 26, 32)
as well as strains with untypical sequences (Fig. 2). Moreover, both probes of the
A sets were complemented with one additional probe each, for a satisfactory
coverage of divergence in the target regions. The two resulting mixtures of
probes were simulations of two single probes with degenerate bases. The desig-
nations in subscript of the dual sets of genotypes A through C indicate the region
(S, core, and pre-S) of the start position of the forward primer in each set.

Multiplex mixtures 1 and 2 identify genotypes A through C and E through H,
respectively, whereas mixtures 3 and 4 identify genotypes A and B and genotypes
C and D, respectively. The forward primer in the CpS set, which anneals only to
genotype C, was designed with one additional mismatch four nucleotides from
the 3� end, to improve performance and discrimination (Fig. 2). The FH set was
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designed to identify both genotypes F and H. Where a positive reaction showed
genotype F or H, the sample was reanalyzed by using specific reverse primers to
distinguish genotype. These primers (HBVgtF_R [GCCAGGACACCCGGGT
AKTC] and HBVgtH_R [CCAGGACACCCGGGTGGTA]) were used in com-
bination with the original FH forward primer and MGB probe in two singleplex
reactions. The third multiplex mixture was equipped with a control probe, Q,
with the ability to hybridize to amplicons of all genotypes except G and H, in the
reaction initiated by the AC primers. This Q probe was included in order to
detect atypical strains that might not be identified by any of the genotype-specific
systems. Moreover, the Q probe also served as a quantitative estimate of the
HBV DNA level and to give information in advance about a potential genotype
F or H sample, as the ability of the Q probe to hybridize to a genotype H sample
is limited.

The genotyping analysis was performed on an ABI 7300 real-time PCR in-
strument (Applied Biosystems, Foster City, CA). Each sample required four

wells, and hence the maximum capacity was 24 samples, including one or several
controls per PCR plate. The 50-�l reaction volume contained 25 �l Universal
PCR master mix (Roche Diagnostics, Branchburg, NJ), 0.2 �M each primer and
probe, and 10 �l of extracted DNA. After uracil DNA glycosylase activation at
50°C for 2 min and initial denaturation at 95°C for 10 min, the PCR was run for
45 cycles with denaturation at 95°C for 15 s and a combined step of annealing and
extension at 60°C for 1 min. The same concentrations and temperatures were
valid also for the two supplementary singleplex mixtures used for distinguishing
between genotypes F and H.

Sensitivity. The sensitivity was evaluated by serial dilutions, in 1:10 steps, of 10
clinical samples representing genotypes A through E. The HBV DNA levels had
previously been quantified with the Cobas TaqMan assay (Roche Diagnostics,
Branchburg, NJ).

Genotype mixtures. Clinical samples representing genotypes A, B, C, D, and
G, with HBV DNA levels identified by Cobas TaqMan, were tested in different

TABLE 1. Summary of primers and probes used in TaqMan PCR genotyping analysis

Multiplex reaction
mixture and
designation

Primer or probea Genotype Detectorb Sense/
antisense

Key
oligonucleotidec Sequence (5�33�)d

1
AS

e Forward A S � CATCTTCTTRTTGGTWCTTCTGGAT
Reverse AS GCAKGGTCCCGTRCTGGTT
MGB probe FAM S CTCTAATTCCAGGATCMACA

BpS Forward B VIC S � GCATGGGGACAAATCTTTCTGTC
Reverse AS � AATCTGGATTKTCTGAGTTGGCTTT
MGB probe S � CCCTGGGATTCTTC

CpS Forward C S � TGCACCGAACATGGAGATCACf

Reverse AS TCTGTGGTATTGTGAGGATTCTTGTC
MGB probe NED S ACCCCTGCTCGTGTTA

2
E Forward E S CCTCATTTTGTGGGTCACCWTATTC

Reverse AS � CCATTCGAGAGGGACCGTC
MGB probe VIC AS � AGCCCCATGATGTAGC

FHg Forward F and H S � CCGACTATTGCCTCTCTCACATCA
Reverse AS GGGGTCCTAGGAGTCCTGATGT
MGB probe NED S � CCCTGCTATGAACATGGA

G Forward G S � GAAACCGCCATGAACACCTCT
Reverse AS � CCGGTTGTTGACATAACAAACAGT
MGB probe FAM S � TCTGCCAAGGCAGTTAT

3
AC

e Forward A S AAATGCCCCTATCTTATCAACACTTC
Reverse AS TGCGAGGCGAGGGAGTTCT
MGB probe FAM AS � CTCKGTCYCGTCGTCTAA

BS Forward B S AGACTCGTGGTGGACTTCTCTCA
Reverse AS � CCAGGACAAATTGGAGGACAAC
MGB probe VIC S � CCAAATCTCCAGTCACTC

Qh MGB probe A through F NED S NAi CAGGTCCCCTAGWAGA

4
CS Forward C S GTATGTTGCCCGTTTGTCCTCTAC

Reverse AS GGARTCGTGCAGGTCTTGCA
MGB probe NED S � CAGGAACATCAACTACCAGC

D Forward D S CTCATTTTGTGGGTCACCATATTC
Reverse AS GGTCGGGAAAGAATCCCAGA
MGB probe FAM S � CAGAATCTTTCCACCAGCA

a MGB, minor groove binding moiety.
b FAM, 6-carboxyfluorescein; VIC and NED, fluorophores proprietary to Applied Biosystems (ABI).
c Markings indicate whether the sets were designed using primer or probe specificity or a combination.
d Marked positions discriminate between genotypes: boldface nucleotides are unique for the genotype, whereas underlined nucleotides individually mismatch against

at least three other genotypes.
e Both genotype A sets are equipped with two MGB probes each for a satisfactory coverage of the divergences in the regions of interest. The total probe concentration

in each of the two sets is equal to that of all the other sets. The four probes are depicted as two with degenerate bases.
f Italic denotes a mismatch introduced to improve the performance of the CpS set.
g The FH set in multiplex reaction mixture 2 hybridizes to both genotypes F and H. In case of a positive result in the first analysis, the sample has to be reanalyzed

in a supplementary run to distinguish between the two genotypes, using differential reverse primers gtF_R and gtH_R in two singleplex mixtures, as described in
Materials and Methods.

h The Q probe works with primers included in the AC set and was designed to hybridize to all genotypes except G and H.
i NA, not applicable.
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combinations (A/D, A/G, and B/C) with different proportions to simulate mixed
genotypes. All mixtures were analyzed in duplicate.

RESULTS

Analytical performance. The amplification efficacy for each
component PCR, examined by testing serial dilutions of 10
clinical samples representing various genotypes, was in the
range of 85 to 93%. The lowest detected levels among these
diluted samples were 1.5 to 3 log IU/ml (with the lower value
valid for genotypes A, B, and D). The clinical samples used for
evaluation of this method had viral concentrations of between
2.5 log IU/ml and 9.0 log IU/ml, yielding threshold cycle (CT)
values of 12.1 through 41.0.

Clinical performance. As can be seen in Table 2, there was
good concordance between the TaqMan method and genotyp-
ing by sequencing or RFLP. The same genotype was identified
in 173 samples, including 23 A, 26 B, 35 C, 77 D, 7 E, 2 F, and
1 G. A mixture of genotypes A and D was observed in one
sample previously analyzed as genotype D only. One genotype
E sample and three samples of subgenotype C5 were reactive
only by the Q probe. The six samples harboring an X/C recom-
binant, recently proposed to be classified as a new genotype
designated I (9, 10), produced results indicating a difficult-to-
type strain: four samples produced only a Q-probe reactivity,
and two were weakly reactive with the AS set in addition to
having a Q-probe reactivity. Two samples (1.1%) had a low
viral concentration and were negative by the TaqMan geno-
typing PCR.

Testing genotype mixtures. The genotype mixtures were pre-
pared and analyzed in five different proportions (0:100, 20:80,
50:50, 80:20, and 100:0) to evaluate the possibility of demonstrat-
ing coinfection in samples from patients. Genotype A was mixed
with D and G and genotype B with C (Table 3). The A-D mixture
showed high conformity in all related PCR sets, without any
cross-reactivity. The shift in proportions between genotypes A
and D were well reflected by the reciprocal change in CT values,
decreasing from 27.0 to 24.8 for A and increasing from 25.5 to
27.7 for D. CT values for the Q probe did not change, as
expected since the total viral concentration remained at the

same level. The A-G mixture showed similar results with the
two A sets, with changes in CT values as the proportion of
genotypes A and G shifted. Because the Q probe cannot hy-
bridize to genotype G, the CT values of the Q probe were not
stable and changed with the concentration of the genotype A
component of the mixture. The 50:50 mixture showed a differ-
ence in CT value of about 2.5 cycles between genotypes A and
G, corresponding to a 5.6-fold difference in viral concentration.
This discrepancy was conserved in all proportions and was
probably due to the fact that the genotype G sample could not
be calibrated using the Q probe, as was done with the other
samples before analysis. In the B-C mixture, the CT for the Q
set was stable, as in the A-D mixture. There were some small
disparities between the two B sets and the two C sets. CT values
for BS were about 2.5 cycles later than those for BpS, whereas
CT values for CS were about 1.5 cycles later than those for CpS.
Thus, for the samples used in this mixture, the concentrations
were better described by the CT values from the BpS and CpS

sets than by those from the BS and CS sets, with a difference of
2.5 to 3 cycles between those pairs in the 50:50 mixture.

DISCUSSION

The aim of this study was to develop and evaluate a modern
genotyping method that would allow specific determination
and discrimination of all known HBV genotypes. The method
was designed for genotyping, and should therefore be utilized
in complement to an assay for detection and quantification.
We chose a method based on real-time PCR with hydrolysis
(TaqMan) probes, because this technique is now well estab-
lished in many diagnostic laboratories. The TaqMan technique
is suitable for typing, because specificity can be obtained by
differences in either probe matching (�2 mismatches preclude
proper probe hybridization) or in primer 3� matching (�1
mismatch impairs primer elongation and thus amplification).
Moreover, real-time PCR has the general advantage of tech-
nical simplicity without post-PCR steps and a low risk of false
results due to contamination. It was not possible, however, to
find one single genomic segment that could be used for am-

FIG. 1. Schematic diagram of the hepatitis B genome and the genotyping system. Genes are depicted as horizontal bars below the black line
representing the genome. Vertical lines indicate insertions and deletions in the genome. Horizontal lines above the genome represent amplicons
produced by the genotyping sets. The broken line expanding from the FH set shows the longer amplicon resulting from supplementary analysis
used for differentiation of genotypes F and H. EcoRI, unique cleavage site for EcoRI enzyme; INS, insertion; DEL, deletion; MM, multiplex
reaction mixture; FAM, 6-carboxyfluorescein; VIC and NED, fluorophores proprietary to Applied Biosystems (ABI).
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plification and identification of all genotypes. Instead, we
chose to target a number of segments in different parts of the
genome to obtain reliable typing accuracy (Fig. 1).

In the final version, genotypes D through H could be de-
tected by one single amplification set for each genotype. For
the genotypes A, B, and C, it was more difficult to find targets
that were sufficiently conserved and not liable to erroneous
results due to single point mutations. Therefore, we chose to
apply two amplification sets for each of genotypes A, B, and C.
Figure 2 lists all genotype-specific oligonucleotides and the
corresponding targets in the viral genome. Both genotype A
sets detect subgenotypes A1 and A2, whereas A3 is predicted
to be identified only by the AC set, mainly due to a single
mismatch in the 3� end of the AS set forward primer against
this subgenotype. For genotype B, the BS set can distinguish all
eight subgenotypes, whereas the BpS set is predicted to detect
only B1, B2, B4, and B6. Due to somewhat more irregular
differences among the C subgenotypes, the CS and CpS sets
function in an even more complementary manner. Hence, sub-
genotypes C1 and C2, most strains of C6 and C7, and some
strains of C3 and C4 should be detected by both genotype C
sets. Because we found that subgenotype C5 and the X/C
recombinant were detected only by the Q probe, we designed
specific TaqMan systems also for these variants (details are
provided in the supplemental material). For genotypes A, B,
and C, subgenotypes with mismatches often produce CT values
from both sets but with a difference of about 5 to 10 cycles. In
summary, nearly all currently known subgenotypes of hepatitis
B virus are efficiently covered by this method.

The accuracy of this new genotyping method was evaluated
by analyzing 185 samples in which the genotype had previously
been assessed by RFLP or sequencing. The genotype was cor-
rectly identified in 173 samples with the new assay. Two sam-
ples were undetectable, probably due to a low HBV DNA
level. Ten samples could not be genotyped but produced am-

plicons detected by the Q probe, indicating the presence of
HBV DNA that might represent a divergent strain. Indeed, six
of them contained a recombinant HBV strain, which recently
was proposed to be classified as a new genotype, I (9, 10). The
four remaining untypeable samples were of genotype C5 and
E. Overall, these results yield a sensitivity of 94% and a spec-
ificity of 100%.

In one sample classified as genotype D, the TaqMan assay
identified a coinfection with genotype A in addition to the
previously identified genotype D. This is one example of the
strength of real-time PCR, by which each genotype can be
specifically amplified and/or detected. The occurrence of ge-
notypic mixtures in hepatitis B infections, especially among
patients on treatment, has been reported by several groups.
Generally, the coinfecting minor strain is masked by the major
one and is therefore scarcely detected with methods such as
sequencing (3, 8, 11). To evaluate the ability of the TaqMan
assay to identify genotype coinfections, we analyzed mixtures
of genotypes with various genotype proportions. We found that
a coinfecting strain, constituting 10 to 20% or less of the total
viremia, could be clearly identified. The approximate size of
the proportions could be estimated by comparing the CT values
for the respective genotypes. However, such estimates should
be done with caution because the amplification efficiencies of
the various component PCRs may differ.

Some of the component PCRs used primers that amplified
several or all genotypes, and in these cases discrimination
relied only upon probe mismatches. In such cases a certain
degree of cross-reactivity was observed, but this was possible to
distinguish from coinfection because the amplification curves
were flat and appeared later, yielding CT values that were
typically more than 10 cycles higher than the CT value for the
correct genotype.

It is not yet well established how genotyping should be used
in clinical diagnostics despite accumulating evidence for clini-

FIG. 2. Sequences for the forward primer, MGB probe, and reverse primer, respectively, in each set, in comparison with the corresponding
consensus sequences of genotypes and subgenotypes of interest. Only positions in the viral DNA differing from the TaqMan primer and probe
sequences are shown. The X/C recombinant was first described by Hannoun et al. (9).

TABLE 2. Results of HBV genotyping of 185 samples also genotyped by sequencing or RFLP

Sequencing/RFLP
genotype

(no. of samples)a

No. (%) of samples with TaqMan genotypeb:

A B C D E F G H Only Q
probe Nondetectable Mixed

A/D

A (24) 23 (96) 1
B (26) 26 (100)
C (38) 35 (92) 3c

D (79) 77 (97) 1 1
E (8) 7 (88) 1
F (2) 2 (100)
G (1) 1 (100)
Hd (1) 1 (100)
X/C recombinante (6) 6f

a A total of 148 samples were identified by RFLP (19 of them were also sequenced, with congruent results), and 36 were genotyped only by sequencing.
b Numbers in parentheses are percentages of the corresponding number of samples genotyped by sequencing or RFLP.
c Subgenotype C5 strains (by sequencing).
d Genotype H was represented by a pUC57 plasmid carrying a synthetic segment of the pre-S/S region of HBV genotype H.
e The X/C recombinant strain, first described by Hannoun et al. (9), is made up partly by genotype C DNA and partly by untypeable DNA.
f Two of these six samples also showed weak reactivity with the AS set, but with CT values �10 cycles higher than for Q.
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cally important differences between genotypes. Further clinical
studies on the genotypic influence on hepatitis B virus infection
(7, 22, 29), especially in the United States, Europe, and Africa
(on genotypes A and D through H), are therefore needed,
because most studies to date have been performed in Asia,
where genotypes B and C prevail. Genotype C has been shown
to induce more severe chronic inflammation of the liver than
genotype B and thus is associated with a higher risk of devel-
oping liver cirrhosis and hepatocellular carcinoma (HCC) (2,
5, 12, 19). Genotype C has even been identified as an indepen-
dent risk factor for the development of HCC (1). Furthermore,
genotypes A and B have been reported to be associated with an
earlier seroconversion from HBeAg to anti-HBe than geno-
types C and D (5, 16). However, in a study from South Africa,
subgenotype A1 was associated with a higher risk for HCC
than other subgenotypes of A or non-A genotypes (14). Ge-
notype impact on treatment outcome is more uncertain, but
genotype B has been shown to respond better to alpha inter-
feron treatment than genotype C (13, 30). As for nucleoside
analogues, the effect of lamivudine but not that of adefovir
appears to be affected by the infecting genotype (31). These
observations have not yet been translated into strict guidelines,
but they suggest that genotyping should be part of the clinical
evaluation of patients, because knowledge of the genotype may
help to predict the course of infection and the choice of treat-
ment. Indeed, an increasing demand for HBV genotyping has
already been noted at our laboratory. To meet this demand
there is a need for a rapid and easy-to-use genotyping method
suitable for a modern diagnostic laboratory. Such a method
should be capable of identifying all genotypes, and this is of
particular importance in multiethnic societies, where all geno-
types may appear as a result of human migration. We chose to
develop a method based on TaqMan PCR because in our
clinical diagnostics all other viruses are identified by this tech-
nology. The method described here identifies all eight geno-
types, A through H, and avoids several of the laborious and
time-consuming procedures that are associated with some of
the older methods, since the analysis is made without any

post-PCR steps. Twenty-four samples (one 96-well plate) re-
quire about 4 h to be processed, including DNA extraction,
postelution, and TaqMan PCR. In combination with an in-
house spreadsheet template document (available upon re-
quest) used as a programming interface and a link between the
instruments, the viral DNA is easily analyzed in a straightfor-
ward manner, without unnecessary delay.

An advantage with the real-time PCR genotyping is that it
produces CT values for the identified genotypes that give an
indication of the HBV DNA concentration. By analyzing mix-
tures of genotypes, we could show that mixed infection was
accurately identified by clear-cut signals for each genotype and
also that the relative proportion of each genotype was well
represented by its CT value.

To conclude, by targeting multiple segments of the genome
we have developed a real-time PCR assay that can identify all
HBV genotypes in a one-step procedure. In addition to its
simplicity and genotyping accuracy, the method also may give
an indication of HBV DNA concentration and, in case of
mixed infections, of the relative proportions of several geno-
types.
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