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A simple and precise genotyping system based on PCR using type-specific primers was developed for the
determination of genotypes A through F of hepatitis B virus (HBV). This assay system is considered to be a
useful tool for the molecular diagnosis of HBV infection and for large-scale surveys.

Hepatitis B virus (HBV) is a well-known agent of acute and
chronic hepatitis, with an estimated 350 million chronic carri-
ers around the world. HBV has a circular and partially double-
stranded DNA genome of 3.2 kb containing four overlapping
open reading frames. HBV strains isolated worldwide have
been classified into six genomic groups deduced from genome
comparisons and designated genotypes A to F (3, 6, 7). The
HBYV genotypes have a characteristic geographic distribution.
HBYV genotyping by phylogenetic analysis based on nucleotide
sequences produces the most reliable and certain genotyping
results. However, this is not an appropriate method for large-
scale genotyping. On the other hand, several groups have re-
ported the genotyping of HBV by the restriction fragment
length polymorphism method (1, 2, 4, 8). However, their meth-
ods were not so sensitive and specific compared with our PCR
genotyping method. In this paper, we report a simpler, more
rapid, and more specific genotyping system for HBV involving
PCR using type-specific primers.

A total of 55 HBV DNA-positive serum samples obtained
from individuals in six different countries, including Japan,
Vietnam, the United States, Egypt, Ghana, and Bolivia, were
used for the evaluation of our genotyping system. We selected
the HBV DNA-positive samples by nested PCR. The se-
quences of PCR primers used in this study are shown in Table
1. The first-round PCR primers (outer primer pairs) and sec-
ond-round PCR primers (inner primer pairs) were designed on
the basis of the conserved nature of nucleotide sequences in
regions of the pre-S1 through S genes, irrespective of the six
HBYV genotypes. P1 (sense) and S1-2 (antisense) were univer-
sal outer primers (1,063 bases). B2 was used as the inner
primer (sense) with a combination called mix A for genotypes
A, B, and C. Mix A consisted of antisense primers BAIR (type
A specific), BBIR (type B specific), and BCIR (type C specif-
ic). B2R was used as the inner primer (antisense) with a com-
bination called mix B for genotypes D, E, and F. Mix B con-
sisted of sense primers BD1 (type D specific), BE1 (type E
specific), and BF1 (type F specific). These primer combina-
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tions for second-round PCR were designed on the basis of the
differences in the sizes of the genotype-specific bands. The
type-specific primers were designed on the basis of the con-
served nature of those sequences within a genotype and on the
basis of their poor homology with the sequences derived from
other HBV genotypes. The strategy for HBV genotyping is
illustrated in Fig. 1.

The nucleic acid was extracted from 100-pl serum samples
using a nucleic acid extraction kit (SepaGene RV-R; Sanko
Junyaku Co., Ltd., Tokyo, Japan). The resulting pellet was
resuspended in RNase-free water and then subjected to nested
PCR. We amplified the HBV genome by nested PCR using the
universal primers (P1 and S1-2) for the outer primers, followed
by two different mixtures containing type-specific inner primers
as described above. The first PCR was carried out in a tube
containing 40 pl of a reaction buffer made up of the following
components: 50 ng of each outer primer, a 200 uM concen-
tration of each of the four deoxynucleotides, 1 U of AmpliTaq
Gold DNA polymerase (Perkin-Elmer, Norwalk, Conn.), and
1X PCR buffer containing 1.5 mM MgCl,. We used AmpliTaq
Gold DNA polymerase to obtain an automatic hot-start reac-
tion. The thermocycler (GeneAmp PCR system 2400, 9600,
and 9700; Perkin-Elmer) was programmed to first incubate the
samples for 10 min at 95°C, followed by 40 cycles consisting of
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FIG. 1. Strategy for genotyping of HBV by PCR using type-specific
primers. nt, nucleotide.
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TABLE 1. Primer sequences used for HBV genotyping by nested PCR

Primer Sequence” (position, specificity, and polarity)
First PCR
P1® 5'-TCA CCA TAT TCT TGG GAA CAA GA-3' (nt 2823-2845, universal, sense)

5'-CGA ACC ACT GAA CAA ATG GC-3' (nt 685-704, universal, antisense)

Second PCR
Mix A
B2 5'-GGC TCM AGT TCM GGA ACA GT-3' (nt 67-86, types A to E specific, sense)
BAIR .5'-CTC GCG GAG ATT GAC GAG ATG T-3' (nt 113-134, type A specific, antisense)
BBIR.. .5"-CAG GTT GGT GAG TGA CTG GAG A-3' (nt 324-345, type B specific, antisense)
BCIR et 5'-GGT CCT AGG AAT CCT GAT GTT G-3' (nt 165-186, type C specific, antisense)

5'-GCC AAC AAG GTA GGA GCT-3' (nt 2979-2996, type D specific, sense)

.5"-CAC CAG AAA TCC AGA TTG GGA CCA-3’ (nt 2955-2978, type E specific, sense)
.5"-GYT ACG GTC CAG GGT TAC CA-3' (nt 3032-3051, type F specific, sense)

5'-GGA GGC GGA TYT GCT GGC AA-3' (nt 3078-3097, types D to F specific, antisense)

“ An “M” represents a nucleotide that could be either an A or a C; a “Y” represents a nucleotide that could be either a C or a T. nt, nucleotide.

> The sequence for primer P1 was determined by Lindh et al. (2).

94°C for 20 s, 55°C for 20 s, and 72°C for 1 min. As illustrated
in Fig. 1, two second-round PCRs were performed for each
sample, with the common universal sense primer (B2) and mix
A for types A through C and the common universal antisense
primer (B2R) and mix B for types D through F. A 1-pl aliquot
of the first PCR product was added to two tubes containing the
second sets of each of the inner primer pairs, each of the
deoxynucleotides, AmpliTaq Gold DNA polymerase, and PCR
buffer, as in the first reaction. These were amplified for 40
cycles with the following parameters: preheating at 95°C for 10
min, 20 cycles of amplification at 94°C for 20 s, 58°C for 20 s,
and 72°C for 30 s, and an additional 20 cycles of 94°C for 20 s,
60°C for 20 s, and 72°C for 30 s. Genotypes of HBV for each
sample were determined by identifying the genotype-specific

Type A

DNA bands. The two different second-round PCR products
from one sample were separately electrophoresed on a 3%
agarose gel, stained with ethidium bromide, and evaluated
under UV light. The sizes of PCR products were estimated
according to the migration pattern of a 50-bp DNA ladder
(Pharmacia Biotech, Uppsala, Sweden).

To test the validity of our PCR genotyping system, genotypes
of HBV were also determined by phylogenetic analysis of
pre-S1 through S genes in 40 samples. Amplified PCR products
were subjected to direct sequencing, and then phylogenetic
analysis was performed as reported previously (5).

Mix A allows for the specific detection of PCR products for
types A, B, and C, and mix B allows for detection of types D,
E, and F. As shown in Fig. 2, type-specific PCR products were

Type B Type C

Mix A
(for types A, B and C)

Type D

M 12 3 4567 8 9 101112131415M

Type E

<«— 281 bp

<+— 122 bp
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Type F

Mix B
(for types D, E and F)

M1 2345 67 8 910 111213M

FIG. 2. The typical electrophoresis patterns of PCR products from different HBV genotypes as determined by our PCR genotyping system. In
each genotype group except for type E, five serum samples that had genotypes already determined by phylogenetic analysis were used. M,
molecular size standards.
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TABLE 2. Genotypic distribution of HBV among different
countries, determined by PCR using type-specific primers

No. of samples of genotype”:

Country n

A B C D E F uc’
Japan 10 0 0 10 (100) 0 0 0 0
Vietnam 30 0 10(33) 19(63) 0 0 0 1(3)
United States 5 3 (60) 0 2(40) 0 0 0 0
Egypt 20 0 0 2(100) 0 0 0
Ghana 4 125 0 0 0 3(75) 0 0
Bolivia 40 0 0 0 0 4(100) 0
Total 55 4(7) 10(18) 31(56) 2(4) 3(6) 4(7) 1(2)

“ Numbers in parentheses are percentages.
> UC, unclassified.

recognized clearly by their distinct sizes in gel electrophoresis.
When 28 isolates in the panel (5 samples from each genotype
except for type E), for which serum samples were available,
were typed by PCR, the results were in complete accord with
the sequences corresponding to their type-specific primers. In
the second stage of PCR, type A HBV DNA was amplified
with the type A-specific primer, but not with other type-specific
primers. Furthermore, to confirm the specificity of our PCR
assay, we compared the genotyping results between typing by
PCR and by phylogenetic analysis for the 40 samples exam-
ined. The results showed 100% concordance between the two
assays. In addition, the alignment of the representative pre-S1
through S genes of HBV isolates in the present study revealed
that there was a consensus sequence at the same nucleotide
positions among different isolates from each genotype. Using
this new assay system, we investigated the geographic distribu-
tion of HBV genotypes in various countries. The data showed
that the distribution of the HBV genotypes in this study pop-
ulation was in accord with the known geographic distribution
of HBV genotypes (Table 2).

The genotyping of HBV is important to clarify the route and
pathogenesis of the virus. In particular, the examination of
sequence diversity among different isolates of the virus is im-
portant, because variants may differ in their patterns of sero-
logic reactivity, pathogenicity, virulence, and response to ther-
apy. On the other hand, HBV has genetic variations which
correspond to the geographic distribution, and it has been
proposed that HBV can be classified into six major genotypes
(3, 6, 7). In designing the genotype-specific PCR primers, it is
well established that not only higher matching in the entire
sequences but also the matching of the two to three nucleo-
tides at the 3’ ends is one of the important parameters for
specific priming. Based on this fact, we designed type-specific
PCR primers. Sequences within the same genotype were dif-
ferent by =2 nucleotides among the entire sequences of the
genotype-specific primer, while the sequence within the differ-
ent genotypes had a difference of =3 nucleotides. In the
present study, a new genotyping method, based on type-spe-
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cific primers for PCR, by which HBV isolates can be classified
into genotypes A through F is described. To confirm the spec-
ificity of the results of PCR typing, phylogenetic analysis in the
pre-S1 through S genes of HBV was also performed, and we
confirmed the specificity of the results obtained with our PCR
genotyping system. This method is very convenient and will
assist research workers in conducting large-scale epidemiolog-
ical studies. Additional investigations, using the serum samples
from other geographic regions, are required for the further
classification and characterization of HBV. In fact, Stuyver et
al. (9) reported recently the identification of a novel genotype
of HBV (designated genotype G). For this purpose, our geno-
typing system using the PCR method introduced here will be
useful.

In conclusion, we reported on a newly developed precise
PCR genotyping system using type-specific primers, allowing
the identification of types A through F. This assay system may
be useful for rapid and sensitive genotyping of the HBV ge-
nome when either epidemiological, pathological, or transmis-
sion studies of this agent are carried out in large scale.
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