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Eight genotypes (A to H) and nine subtypes (adw2, adw4, aywl, ayw2, ayw3, ayw4, adrq+, adrq—, and ayr) of
hepatitis B virus (HBV) have been identified worldwide. They appear to be associated with geographical
distribution, virological characteristics, and possibly clinical outcomes. We performed sequence analysis of
part of the S gene and the entire precore/core gene of HBV isolates obtained from HBsAg-positive blood donors
in Papua Province, Indonesia. Phylogenetic analysis of the S gene sequences revealed that 23 (85.2%) of the 27
HBY isolates tested belonged to genotype C (HBV/C) and 2 (7.4%) each to HBV/B and HBV/D. Interestingly,
19 (82.6%) of the 23 isolates of HBV/C clustered in a branch that was distinct from the previously reported
subgenotypes C1 to C5 (HBV/C1 to HBV/CS). Similarly, two isolates of HBV/D clustered in a branch distinct
from the reported subgenotypes HBV/D1 to HBV/DS5. Phylogenetic analysis of the entire precore/core gene
confirmed the consistent presence of the distinct branches in HBV/C and HBV/D. We therefore propose novel
subgenotypes designated HBV/C6 and HBV/D6. The majority of HBV/C6 isolates in Papua had alanine at
positions 159 and 177 (A159/A177) in the HBsAg. A159/A177 is different from the determinants for adrq+
(A159/V177), found throughout Asia, and adrqg— (V159/A177), found in New Caledonia and Polynesia, possibly
representing a unique antigenic group (provisionally referred to as adrq indeterminate). In conclusion, we have
identified two novel HBV subgenotypes, HBV/C6 and HBV/DG, the first of which is the most prevalent

subgenotype of HBV in Papua, Indonesia.

It is well known that Indonesia has a moderate to high
endemicity of hepatitis B virus (HBV) infection. The carrier
rates among voluntary blood donors in 11 large cities in Indo-
nesia were reported to range from 2.1% to 9.5%, with that of
Papua Province being 10.5% (12, 27).

At present, eight genotypes of HBV, designated A to H,
have been identified worldwide (1, 2, 21, 23, 29). Genotypes B
and C (HBV/B and HBV/C, respectively) are predominant in
Asia (14, 26, 30). An earlier classification system divided HBV
into nine subtypes, namely, adw2, adw4, aywl, ayw2, ayw3,
ayw4, adrq+, adrg—, and ayr (4, 18). HBV isolates of different
genotypes and subtypes appear to show different geographical
distributions (14, 25), virological characteristics, and, possibly,
clinical outcomes (6, 10, 11, 13, 24, 25, 34). They can also
provide historical information on the migration pattern of the
ancestor of a local population (13, 23) and the possibility of
cross-species transmission to or from chimpanzees (32).

Subgenotypes (subgroups) have been identified for certain
HBYV genotypes (7, 9, 15, 20, 22, 26). HBV/C has been classi-
fied into five subgenotypes, HBV/C1 to HBV/C5 (7, 9, 26, 30),
as has HBV/D, into HBV/D1 to HBV/D5 (3, 5, 22, 28). Sim-
ilarly, HBV/B was initially classified into two subgroups, Bj and
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Ba (31). Subgroup Bj is found mostly in East Asia, including
Japan, while subgroup Ba is found throughout Asia and has
recombination with HBV/C in the C gene (31). More recently,
subgroup Ba has been further divided into four subgenotypes,
HBV/B2 to HBV/BS, with subgroup Bj being renamed sub-
genotype HBV/B1 (20, 26, 30).

An epidemiological study on HBV genotypes and subtypes
in Papua, Indonesia, was conducted more than a decade ago
with a limited number of samples (19, 27). The objective of this
study was to determine the distribution of HBV genotypes,
subgenotypes, and subtypes among HBsAg-positive blood do-
nors in Jayapura, Papua, Indonesia.

MATERIALS AND METHODS

Serum samples. A total of 587 serum samples were taken from blood donors
who visited the Indonesian Red Cross Blood Center, Jayapura, Papua, Indone-
sia, during the 4 months from September 2004 to January 2005. All subjects
signed an informed consent form and participated voluntarily in this study. The
sera were screened for HBsAg by use of an immunochromatography method
(entebe HBsAg strip; Hepatika Laboratory, Mataram, Indonesia). Twenty-seven
(4.6%) of the 587 sera tested positive for HBsAg and were subsequently analyzed
for HBV genotypes and subtypes as described below. The sera were also tested
for the HBV viral load by use of a commercially available kit (Cobas Amplicor
HBV monitor test; Roche Diagnostic). The study protocol was reviewed and
approved by the Ethics Committee at Jayapura General Hospital.

DNA extraction and PCR amplification. DNA extraction and amplification
were done as described previously (17). In brief, HBV DNA was extracted from
60 pl of serum samples by use of DNAzol reagent (Invitrogen). Part of the viral
S gene (nucleotides [nt] 256 to 796) was amplified by PCR with primers P7 and
P8 (Table 1) as reported previously (17). When the PCR amplification was
negative, a second-round (nested) PCR was carried out using primers HBS1 and
HBS2. The sequence of this limited region has been shown to be sufficient for
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TABLE 1. Oligonucleotide primers used for PCR amplification of the HBV genome

Primer Gene (position) Polarity Sequence”

P7 S (256 to 278) Sense 5'-GTGGTGGACTTCTCTCAATTTTC-3’
P8 S (796 to 776) Antisense 5'-CGGTAWAAAGGGACTCAMGAT-3’
HBS1 S (455 to 474) Sense 5'-CAAGGTATGTTGCCCGTTTG-3’
HBS2 S (713 to 694) Antisense 5'-AAAGCCCTGCGAACCACTGA-3’
HBC1 C (1650 to 1669) Sense 5'-TTACATAAGAGGACTCTTGG-3’
HBC2 C (2494 to 2475) Antisense 5'-TAAAGCCCAGTAAAGTTTCC-3'
HBC3 C (1744 to 1761) Sense 5'-GGGAGGAGATTAGGTTAA-3’
HBC4 S (2476 to 2457) Antisense 5'-CCCACCTTATGAGTCCAAGG-3'

‘“M=AorC;W=AorT.

genotype analysis (17, 33). Both first-round and second-round PCRs were per-
formed for 40 cycles, each consisting of 1 min at 94°C, 1 min at 55°C, and 2 min
at 72°C. The entire precore and core regions of the viral genome were also
amplified by PCR using primers HBC1 and HBC2 under the same condition.
When the first-round PCR was negative, a second-round PCR was performed
using primers HBC3 and HBC4 under the same condition. Amplification prod-
ucts were visualized on a 2% agarose gel stained with ethidium bromide.

Analysis of HBV genotypes, subgenotypes, and subtypes. Nucleotide se-
quences of the amplified fragments were determined with the BigDye deoxy
Terminator v1.1 cycle sequencing kit (Applied Biosystems) and an ABI Prism
310 genetic analyzer (Perkin Elmer) as described previously (8, 16, 17). The
sequences were compared to those from the international DNA data bank
(DDBJ/EMBL/GenBank). HBV genotypes were determined based on the ho-
mology (>96%) in the S gene (1, 18) by use of the computer software Genetyx-
Win v7.0 (Genetyx Corporation, Tokyo, Japan). Phylogenetic trees were con-
structed by means of unweighted-pair group method using arithmetic averages
(UPGMA). Subgenotypes were assigned as described previously (3, 7, 9, 14, 20,
22, 26, 28, 30). HBV subtypes were deduced on the basis of the predicted amino
acid sequences of HBsAg (13, 14, 21, 22).

Nucleotide sequence accession numbers. The sequence data reported in this
paper have been deposited in the DDBJ/EMBL/GenBank nucleotide sequence
databases with the accession numbers AB334299 through AB334303, AB354882
through AB354908, and AB355452 through AB355456.

RESULTS

HBYV genotypes and subgenotypes in Papua, Indonesia,
and identification of novel subgenotypes of HBV/C and
HBV/D. A total of 27 serum samples collected from HBsAg-
positive blood donors (26 male and 1 female; mean age, 28.5
years; range, 18 to 46 years) were analyzed. Twenty-three
(85.2%) subjects were of Papuan ethnic origin. HBV DNA of
the S gene was detected in 17 (63.0%) samples after the first-
round PCR and in 10 samples (37.0%) after the second-round
PCR. Of the 17 samples that yielded amplified products after
the first-round PCR, 15 sera (88%) had viral loads of >2 X 10°
copies/ml, and the remaining 2 sera (12%) had 6.5 X 10* and
<3.2 X 10? copies/ml. On the other hand, seven (87.5%) of the
eight samples that yielded amplified products only after the
second-round PCR had viral loads of 7 X 10® copies/ml or
lower, while the remaining one (12.5%) had a high viral load.
As shown in Table 2 and Fig. 1, 23 (85.2%) of the 27 isolates
belong to HBV/C and 2 (7.4%) each to HBV/B and HBV/D.

Phylogenetic analysis of part of the S region (nt 500 to 703)
of the HBV genome revealed that 19 (82.6%) of the 23 isolates
of HBV/C obtained in Papua formed a single cluster which is
distinct from subgenotypes C1 (Vietnam/Myanmar/Thailand
cluster), C2 (Japan/Korea/China), C3 (New Caledonia/Polyne-
sia), C4 (Australia), and C5 (the Philippines) (Fig. 1). This
result suggested the possible presence of a novel subgenotype,
HBV/C6. Consistently, phylogenetic analysis of the entire pre-

core/core gene (nt 1814 to 2452) also classified the unique
Papuan isolates into a cluster that is distinct from HBV/C1
through HBV/CS (Fig. 2). We therefore propose a novel sub-
genotype, HBV/C6, which is the most prevalent HBV subgeno-
type in Papua, Indonesia.

Two isolates of HBV/C (35UC and 38UC) were classified
into subgenotype C2, and the remaining two (11UC and
39UC) were not definitely classifiable on the basis of partial S
gene sequencing alone.

Apart from the new subgenotype of HBV/C, we found
unique HBV/D isolates (07UC and 17UC), which formed a
cluster distinct from the five subgenotypes so far reported,
D1 to D5, on the basis of partial S (Fig. 1) and the entire
precore/core region (Fig. 2) sequences. Therefore, we pro-
visionally propose another novel subgenotype, HBV/D6,
which is circulating in Papua, Indonesia, though less preva-
lently than HBV/C6.

Two HBV/B isolates obtained in this study (25UC and
33UC) were shown to belong to subgroup Ba, which consists of
HBV/B2 through HBV/BS on the basis of the partial S and the
entire precore/core region sequences (Fig. 1 and 2). However,
the subgenotype classification of those isolates is still ambigu-
ous, as they appear to belong to HBV/B3 on the basis of the
partial S gene sequences but are closer to HBV/B4 than
HBV/B3 on the basis of the entire precore/core region se-
quences. Whether they belong to HBV/B3 or B4 or whether
they represent a novel subgenotype of HBV/B awaits further
analysis, including sequence determination of the entire virus
genome.

HBYV subtypes in Papua, Indonesia. Figure 3 depicts the
multiple alignment of amino acid sequences at positions 116 to

TABLE 2. HBV genotype and subtype distribution patterns in
Papua, Indonesia

No. of cases (%)

Genotype” Subtype?

Papuan Non-Papuan Total
HBV/B adw? 1 1 2(7.4)
HBV/C adr* 22 1 23 (85.2)
HBV/D? ayw?2 0 2 2(7.4)
Total 23(85.2) 4(14.8) 27 (100)

“ Based on partial S gene analysis.

b Subgenotypes HBV/C6 (19 isolates) and HBV/C2 (2 isolates) and undeter-
mined ones (2 isolates) are included.

¢adrq+ (10 isolates) and adrg-indeterminate (13 isolates) are included.

4 HBV/D6 (two isolates).
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FIG. 1. UPGMA phylogenetic analysis of HBV isolates from Papua, Indonesia (code UC; shown in bold), and those from the international
DNA data bank (indicated with the accession numbers and countries of origin) on the basis of partial S gene sequences (nt 500 to 703). The
genotypes and subgenogroups (Bj and Ba) are indicated on the branches, and the subgenotypes are on the right.

183 (nt 500 to 703) in HBsAg of the HBV isolates analyzed in
this study and the 36 reference sequences of the eight HBV
genotypes (A to H) obtained from the international DNA data
bank. Based on the amino acid substitutions at positions 122,
127, 134, and 160, it was found that the subtype collectively
called “adr” (adrq+ and adrq indeterminate found in this study
[see below]) was predominant (85.2%), followed by adw2
(7.4%) and ayw2 (7.4%) in Papua, Indonesia (Table 2). The
isolates of adw?2 belong to HBV/B (either subgenotype B3 or
subgenotype B4) and that of ayw2 to the novel subgenotype
HBV/D6.

Of the 23 isolates of HBV/C, 10 isolates (43.5%) (35UC,
38UC, 11UC, 39UC, 08UC, 22UC, 01UC, 31UC, 32UC, and

43UC) had alanine at position 159 (A159) and valine at
position 177 (V177) in HBsAg (Fig. 3). This combination
(A159/V177) is considered to be important for the expres-
sion of the ¢ determinant (21, 22). Therefore, those HBV
isolates (two isolates of HBV/C2, one isolate of undeter-
mined subgenotype [Fig. 1], and seven isolates of HBV/C6)
were classified into subtype adrg+. On the other hand, sub-
type adrq—, which has a different combination (V159/A177)
and is found mostly in Polynesia and New Caledonia (4, 18,
22), was not found in Papua, Indonesia. Interestingly, the
remaining 13 (56.5%) of the HBV/C isolates in Papua
(14UC, 19UC, 21UC, 29UC, 03UC, 05UC, 06UC, 13UC,
16UC, 18UC, 20UC, 23UC, and 37UC) had another com-
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FIG. 2. UPGMA phylogenetic analysis of HBV isolates from Papua, Indonesia (code UC; shown in bold), and those from the international
DNA data bank (indicated with the accession numbers and countries of origin) on the basis of precore/core gene sequences (nt 1814 to 2452). Only
10 isolates from Papua that could be amplified by first-round PCR have been included in this analysis. HBV/G has been excluded to illustrate a
more detailed phylogenetic relationship among the other genotypes and subgenotypes, as the precore/core gene of HBV/G is 36 nt longer than
that of the other genotypes except for HBV/A. The genotypes and subgenogroups (Bj and Ba) are indicated on the branches, and the subgenotypes
are on the right. *, HBV/B2 to HBV/B5 (Ba subgenogroups) cluster in the same branch as HBV/C due to the genetic recombination with HBV/C

over the precore/core gene (31).

bination (A159/A177) that is different from what is seen for
both adrqg+ and adrq— (Fig. 3). Therefore, we provisionally
refer to those isolates as adrq indeterminate. All isolates of
adrq indeterminate were shown to belong to the novel sub-
genotype HBV/C6 (Fig. 1 and 2).

DISCUSSION

The present study demonstrates that HBV/C (85.2%) is the
most predominant HBV genotype, followed by HBV/B (7.4%)
and HBV/D (7.4%), among HBsAg-positive blood donors in
Jayapura, Papua, Indonesia (Table 2). This result is consistent

with a previous observation that all HBV isolates from blood
donors in the same area belonged to HBV/C (27). Our result
also demonstrates that while people of Papuan ethnic origin
are infected preferentially with HBV/C, those of non-Papuan
ethnic origin in Papua appear to be infected almost equally
with HBV/B, HBV/C, and HBV/D. In other cities in Indonesia,
such as Jakarta, Padang, Manado, Bajawa, and Balikpapan,
HBV/B, HBV/C, and HBV/D have been isolated, with HBV/B
being the most prevalent (27). We previously reported that all
54 HBV isolates from Surabaya, East Java Province, Indone-
sia, belonged to HBV/B (17). Thus, it is likely that HBV/C is
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FIG. 3. Multiple alignment of amino acid sequences of HBsAg (positions 116 to 183) of HBV isolates from Papua, Indonesia (code UC; shown
in bold) and those from the international DNA data bank (indicated with the accession numbers and countries of origin). Genotypes, subgenotypes,
and subtypes are also indicated. *, residues that determine subtypes (13, 14, 21, 22).

predominant in the easternmost part of Indonesia, whereas
HBV/B is predominant in other parts of Indonesia.

Five subgenotypes of HBV/C (HBV/C1 to HBV/C5) have
been reported so far, each of which shows distinct geographical
clustering, i.e., C1 (Vietnam/Myanmar/Thailand), C2 (Japan/
Korea/China), C3 (New Caledonia/Polynesia), C4 (Australia),
and C5 (the Philippines) (9, 22, 26, 30). In this study, we found
that the majority of HBV/C isolates in Papua, Indonesia, clus-
tered in a novel phylogenetic branch that is distinct from
HBV/C1 to HBV/CS on the basis of both the partial S and the
entire precore/core gene sequences (Fig. 1 and 2). We propose
that those isolates represent a new subgenotype, HBV/C6.

In addition to the novel subgenotype HBV/C6, we have
identified a possible new HBV/D subgenotype in Papua, Indo-
nesia (Fig. 1 and 2). It was reported that for some HBV strains,
analysis of S gene sequences alone might be insufficient to
classify HBV/D isolates into subgenotypes (22). In our study,
however, the results of both S region and precore/core region
sequences were consistent and the result with the precore/core
region sequences showed even more distinct divergence from
the known subgenotypes HBV/D1 to HBV/DS. Although we
need to identify more isolates of close resemblance to draw a
definitive conclusion, we provisionally propose the novel sub-
genotype HBV/D6. A larger scale of surveillance is planned to
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obtain more isolates of HBV/D6, since HBV/D is not so fre-
quently found in Papua (Table 2). Also, sequence analysis of
the entire virus genome of the isolates of HBV/D6 as well as
HBV/C6 and the indeterminate ones (11UC and 39UC) is now
under way in our laboratory to better understand the phyloge-
netic positions of those HBV isolates.

Sugauchi et al. (31) classified HBV/B isolates into two
groups: Bj (“j” stands for Japan), mostly found in Japan, and
Ba (“a” stands for Asia), found throughout Asia. Subgroup Ba
has undergone genetic recombination with HBV/C over the
precore/core gene of the HBV genome. We observed in this
study that HBV/B isolates in Papua, Indonesia, have under-
gone the same genetic recombination to be classified as sub-
group Ba. Subgroup Ba can be further divided into a number
of subgenotypes, i.e., HBV/B2 to HBV/B5 (20, 22, 26). It
should also be noted, however, that the HBV/B2-to-HBV/B5
subgenotype classification may not be well applicable for some
HBYV strains on the basis of the S region sequence alone (20,
22). In fact, our two samples from Papua (25UC and 33UC)
were classified as HBV/B3 on the basis of partial S gene se-
quences (Fig. 1) but as HBV/B4 on the basis of the precore/
core gene sequences (Fig. 2). The entire genome sequence
analysis is needed to determine whether those isolates belong
to either HBV/B3 or HBV/B4 or whether they represent a
novel subgenotype of HBV/B.

This study also demonstrated that the majority of HBV
isolates in blood donors in Papua, Indonesia, belonged to the
subtype collectively called “adr” (adrg+ and adrq indetermi-
nate) (85.2%), while the remaining isolates belonged to adw2
(7.4%) and ayw2 (7.4%) (Table 2). This result is consistent
with the previous observations that “adr” was predominant in
Papua, Indonesia (19, 27). On the other hand, it was reported
that subtype “adw” (adw2 and adw4) was most prevalent in
Sumatra, Java, the southern part of Kalimantan, Bali, Lombok,
Ternate, and Morotai (17, 19) and that subtype “ayw” (aywl to
ayw4) was most prevalent in the eastern part of Nusa Tenggara
and Moluccas (19). Subtype ayr was not found in this study and
was rarely found, if at all, in Indonesia as a whole (19) or in
other countries except Vietnam (14). Thus, this study has con-
firmed that, unlike the other regions of Indonesia, Papua is
within the “adr” zone.

HBYV genotypes and subtypes have been used as an instru-
ment to identify migration patterns of the ancestors of local
populations in certain geographical areas. Mulyanto et al. (19)
speculated that the ancestors of the inhabitants of the eastern-
most part of Indonesia, like Papua, came most likely from
Melanesia and Polynesia, where HBV subtype “adr” was pre-
dominant. In Papua, however, Cladrg—, which is the most
typical genotype and subtype for Melanesia and Polynesia, was
not found; instead, C/adrg+ and C/adr indeterminate were
prevalent (Fig. 3). Phylogenetically, most of those HBV iso-
lates belong to the novel subgenotype HBV/C6 (Fig. 1 and 2).
These results suggest the possibility of unique HBV evolution
in Papua during the long history of viral persistence and trans-
mission through many generations.

In conclusion, we have identified novel HBV subgenotypes,
HBV/C6 and HBV/D6, in Papua, Indonesia. We have also
confirmed that Papua belongs to the C/adr zone on the basis of
HBV genotype and subtype classification systems. However,
the identification of the novel subgenotypes (HBV/C6 and
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HBV/D6) and the Cladrg-indeterminate isolates suggests
the possibility that HBV has undergone unique evolution in
Papua, Indonesia, compared to that in Melanesia and Polyne-
sia and other parts of the world.
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