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Abstract Upon phylogenetic analysis of a partial S gene

sequence [396 nucleotides (nt)], 928 hepatitis B virus

(HBV) strains obtained from 899 viremic subjects in 28

major cities on 15 islands of Indonesia in 1989–2007

segregated into four HBV genotypes. Genotype B was

predominant (66%), followed by genotype C (26%),

genotype D (7%), and genotype A (0.8%). Comparative

and phylogenetic analyses of the 396-nt S gene sequence of

928 HBV isolates and whole genomic sequences of 25

selected HBV isolates revealed a total of 14 subgenotypes

within genotypes A–D: two (A1 and A2) in genotype A

(HBV/A), five (B2, B3, B5, B7, and a novel subgenotype,

tentatively designated B8) in HBV/B, five (C1, C2, C5, C6,

and another novel subgenotype, C7) in HBV/C, and two

(D1 and D3) in HBV/D. The distribution of HBV geno-

types/subgenotypes, including B8 and C7, seems to be

associated with ethnological origins in Indonesia.

Introduction

Hepatitis B is a major worldwide health problem, with over

350 million chronically infected individuals, some of

whom develop severe liver disease including cirrhosis and

hepatocellular carcinoma. The prevalence of hepatitis B

virus (HBV) infection is generally high in Asia and Africa

[17]. Indonesia has a moderate to high endemicity of HBV

infection. The carrier rates among apparently healthy

populations in Indonesia have been reported to range from

4.0 to 20.3% [13]. Its prevalence varies by island; in gen-

eral, areas outside of Java Island have a higher prevalence

of hepatitis B surface antigen (HBsAg) (9.2%) than areas

within Java (5.0%) [22].

Eight genotypes of HBV, designated A to H, have been

identified worldwide [2, 3, 24, 29, 36]. The genotypes B

and C (HBV/B and HBV/C, respectively) are predominant

in Asia [14, 32, 34, 37]. Subgenotypes have been identified

within certain HBV genotypes, i.e., A1–A4 in HBV/A, B1–

B7 in HBV/B, C1–C6 in HBV/C, and D1–D6 in HBV/D,

with distinct geographical clustering [15, 19, 25, 26, 33].

An earlier classification system divided HBsAg into four

major serological subtypes, adw, adr, ayw, and ayr [4, 16].

There is a correlation between HBsAg subtypes and HBV

genotypes. In general, infected individuals with HBV

genotype of A, B, F, G, or H have subtype adw; those with

HBV/C have adr; and those with HBV/D and HBV/E have

ayw [14].

The nucleotide sequence data reported in this study have been

assigned DDBJ/EMBL/GenBank accession numbers AP011084–

AP011108 for 25 entire HBV genomes and AB466339–AB467266

for 928 partial HBV sequences.
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Indonesia, one of the largest archipelagos in the world,

consists of more than 17,000 islands and is inhabited by

more than 400 ethnic groups [38]. A previous study

showed that the distribution of HBsAg subtypes varied

greatly among the islands. Subtype adw, ayw, and adr were

predominant in the western part of Indonesia, Moluccas,

and Papua Indonesia, respectively [21]. The distribution of

HBsAg subtypes suggested that there is a molecular

diversity of HBV among the ethnic groups in Indonesia.

However, a nationwide study on the distribution of HBV

genotypes in Indonesia has thus far not been reported. The

present study aimed to elucidate the nationwide distribu-

tion of HBV genotypes and subgenotypes in relation to

HBsAg subtypes in Indonesia and to find an association

between HBV genotypes/subgenotypes and ethnic groups.

Materials and methods

Serum samples

Serum samples collected from a total of 899 subjects with

HBsAg [701 males and 198 females; age, mean ± standard

deviation (SD), 30.8 ± 11.3 years; range, 7–75 years]

living in 28 cities on 15 islands of Indonesia (see Fig. 3 for

location) between 1989 and 2007 were used in the present

study (Table 1). The presence of HBsAg was determined

by passive hemagglutination with commercial assay kits

[Entebe HBsAg (R-PHA), Hepatika Laboratory, Mataram,

Indonesia or Mycell HBsAg, Institute of Immunology Co.

Ltd., Tokyo, Japan]. Ethical approval of this investigation

was obtained from the ethics committees of the Faculty of

Table 1 Distribution of HBV genotypes among HBV-infected individuals on various islands of Indonesia

Island City Year of sampling No. of samples No. of samples with HBV genotype (%)

A B C D Mixed

Sumatera Medan 1995 16 0 11 (69) 5 (31) 0 0

Padang 1995 8 0 2 (25) 6 (75) 0 0

Palembang 1995 5 0 3 (60) 2 (40) 0 0

Bandar-Lampung 2005 37 0 30 (81) 7 (19) 0 0

Bangka Tanjung-Pandan 2006 5 0 2 (40) 2 (40) 0 1 (20)

Java Jakarta 1989 75 0 61 (81) 10 (13) 1 (1) 3 (4)

Solo 1995 33 0 30 (91) 2 (6) 1 (3) 0

Surabaya 1995 50 0 49 (98) 1 (2) 0 0

Kalimantan Pontianak 1995 79 0 52 (66) 21 (27) 0 6 (8)

Banjarmasin 1995 51 0 44 (86) 5 (10) 0 2 (4)

Balikpapan 1995 16 3 (19) 11 (69) 0 0 2 (13)

Sulawesi Manado 1995 16 0 4 (25) 10 (63) 0 2 (13)

Kendari 1995 18 0 15 (83) 2 (11) 0 1 (6)

Makassar 1995 12 0 8 (67) 3 (25) 0 1 (8)

Sangihe-Talaud Tahuna 2005 9 0 2 (22) 7 (78) 0 0

North Moluccas Ternate 1995 33 0 1 (3) 31 (94) 1 (3) 0

South Moluccas Ambon 1995 32 0 6 (19) 9 (28) 16 (50) 1 (3)

Masohi 2006 43 0 4 (9) 1 (2) 38 (88) 0

Bali Denpasar 2003 37 0 28 (76) 8 (22) 0 1 (3)

Lombok Mataram 2005 60 0 50 (83) 10 (17) 0 0

Sumbawa Sumbawa Besar 2007 15 0 13 (87) 1 (7) 0 1 (7)

Bima 2007 21 0 20 (95) 1 (5) 0 0

Sumba Waikabubak 2007 42 0 35 (83) 7 (17) 0 0

Flores Maumere 1994 38 0 35 (92) 3 (8) 0 0

Timor Kupang 1995 65 1 (2) 49 (75) 12 (18) 0 3 (5)

Dili 1995 36 0 24 (67) 11 (31) 0 1 (3)

Papua Indonesia Jayapura 2006 35 0 4 (11) 28 (80) 2 (6) 1 (3)

Biak 2006 12 0 1 (8) 9 (75) 2 (17) 0

Total 899 4 (0.4) 594 (66) 214 (24) 61 (7) 26 (3)
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Medicine, Mataram University in Mataram, Indonesia, and

Jichi Medical University in Tochigi, Japan.

Detection of HBV DNA and determination of HBV

genotype/subgenotype and HBsAg subtype

The presence of HBV DNA was determined by the method

described previously [40], with slight modifications.

Briefly, nucleic acids were extracted from 100 ll of serum

using a commercially available kit (SMITEST EX-R&D;

G&G Science Co. Ltd., Fukushima, Japan) and were tested

for the presence of HBV DNA by nested polymerase chain

reaction (PCR) using primers derived from the well-con-

served areas in the S gene region of the HBV genomes of

all 8 genotypes (A–H) reported thus far [3, 24, 29, 36] and

TaKaRa Ex Taq polymerase (TaKaRa Bio, Shiga, Japan).

The amplification product of the first-round PCR was 461

base pairs (bp) (nt 244–704), and that of the second-round

PCR was 437 bp (nt 251–687): nucleotide numbers corre-

spond to those of a genotype C HBV isolate of 3,215 nt

(AB033550).

The HBsAg subtype was determined based on the

nucleotide sequence of codons 122 and 160 of the S gene

[27, 28]. The HBV genotype/subgenotype was determined

by phylogenetic analysis of the above-mentioned S gene

sequence (396 nt; primer sequences at both ends excluded)

in comparison with reported HBV isolates with known

genotype/subgenotype (see Figs. 1, 2 for accession nos.)

and 25 selected HBV isolates whose entire genomic

sequences were determined in the present study (see

Figs. 1, 2 for isolate names).

Detection of antibody to HDV and HDV RNA

The presence of antibodies to hepatitis delta virus (HDV)

was determined using an in-house enzyme-linked immu-

nosorbent assay (ELISA) with purified recombinant

S-HDAg protein that had been expressed in the pupae of

silkworm, as described previously [12]. The presence of

HDV RNA was determined in RNAs extracted from 100 ll

of test serum by reverse transcription (RT)-PCR with

nested primers derived from conserved areas of all reported

HDV genomes of genotypes I, II and III, as reported

previously [40].

Amplification of the entire HBV genome

The complete nucleotide sequences of HBV genomes were

determined by methods essentially similar to those

described previously [10, 35]. Briefly, two overlapping

regions of HBV DNA (primer sequences at both ends

excluded) spanning nt 2332–3215 and 1–667 (1,551 bp)

and nt 480–2380 (1,901 bp), respectively, were amplified

by nested PCR with appropriate primers that had been

derived from conserved areas of the HBV genomes of the

eight genotypes (A–H) and TaKaRa Ex Taq polymerase.

Sequence analysis of PCR products

The amplification products were sequenced directly on

both strands using the BigDye Terminator v3.1 Cycle

Sequencing Kit on an ABI PRISM 3100 Genetic Analyzer

(Applied Biosystems, Foster City, CA). When amplifica-

tion products showed an ambiguous sequence, they were

inserted into pT7Blue T-vector (TaKaRa Bio), and five

independent clones of each were sequenced. Sequence

analysis was performed using Genetyx-Mac version 12.2.7

(Genetyx Corp., Tokyo, Japan) and ODEN version 1.1.1

from the DNA Data Bank of Japan (DDBJ: National

Institute of Genetics, Mishima, Japan) [11]. Sequence

alignments were generated by CLUSTAL W (version 1.8)

[41]. Phylogenetic trees were constructed by the neighbor-

joining method [31]. Bootstrap values were determined on

1,000 resamplings of the data sets [8]. The final tree was

obtained using the TreeView program (version 1.6.6) [30].

Results

Prevalence rate of HBV genotype in Indonesia

The prevalence rates of HBV genotypes among HBV-

infected individuals in 28 cities on 15 islands covering

nearly all major islands of Indonesia, are shown in Table 1.

Among the eight known genotypes of HBV (A–H), a single

genotype of A, B, C, or D was found in 873 (97%) of the

899 Indonesian HBsAg-positive subjects studied. Genotype

B was predominant (66%), followed by genotype C (24%),

genotype D (7%), and genotype A (0.4%); the remaining

26 subjects (3%) were infected with two or three distinct

groups of HBV (see Table 4 for details). Genotype D was

predominant in South Moluccas (Masohi and Ambon),

while genotype A was found only in East Kalimantan

(Balikpapan) and Timor (Kupang).

Presence of multiple subgenotypes within HBV

genotypes A–D in Indonesia

Based on phylogenetic analyses of the 396-nt S gene

sequence, 927 of the 928 HBV isolates, including those

from 26 individuals with mixed infection, were grouped

into 14 different sets of clusters of HBV genotypes A–D,

i.e., two clusters each within genotypes A and D and five

clusters each within genotypes B and C. The remaining one

genotype C isolate [C0503133(DIL)] was not classified into

any of the five clusters within genotype C. Upon

HBV genotypes/subgenotypes in Indonesia 1049
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comparison with known HBV/A isolates of subgenotypes

A1–A4 whose entire genomic sequence is known, five of

the seven HBV/A isolates obtained in the present study

were 99.7–100% identical to subgenotype A2 isolates from

the US (AB116078) and Japan (AB116079), and the

remaining two isolates were 99.7–100% similar to a sub-

genotype A1 isolate from the Philippines (AY934774).

When compared with known HBV/D isolates whose entire

genomic sequence is known, the 65 HBV/D isolates

obtained in the present study were divided into two groups

(subgenotype D1, n = 32, and subgenotype D3, n = 33):

the 32 subgenotype D1 isolates shared nucleotide sequence

identities of 99.0–99.7% with a Chinese isolate of the same

subgenotype (AF280817), and the 33 subgenotype D3

isolates shared nucleotide sequence identities of 99.5–

100% with a representative European isolate of the same

subgenotype (X65257). When the 615 HBV/B isolates

found in the present study were compared within the 396-nt

S gene sequence (Table 2), and when the entire genomic

sequence (3,215 nt) of 13 selected HBV/B isolates was

determined and compared phylogenetically with HBV/B

isolates whose entire sequence is known (Fig. 1), 428

Fig. 1 Phylogenetic tree

constructed by the neighbor-

joining method, based on the

entire genomic sequence of 66

genotype B HBV isolates, using

a genotype C HBV (AB033550)

as an outgroup. In addition to

the 13 Indonesian HBV isolates

whose entire genomic

sequences were determined in

the present study and which are

indicated in bold type for visual

clarity, 53 representative HBV

isolates of subgenotypes B1–B7

whose entire sequences are

known, were included for

comparison. The reported

isolates are indicated with the

accession no. followed by the

name of the country where it

was isolated. Bootstrap values

are indicated for the major

nodes as a percentage of the

data obtained from 1,000

resamplings
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Fig. 3 Map of the Indonesian

archipelago showing seven

major zones. The 28 cities

where serum samples were

obtained are indicated. The

seven major zones reflecting the

distinct geographical

distribution of HBV genotype/

subgenotype and subtype in

Indonesia are shaded

Fig. 2 Phylogenetic tree

constructed by the neighbor-

joining method based on the

entire nucleotide sequence of 56

genotype C HBV isolates, using

a genotype B HBV (D00329) as

an outgroup. In addition to the

12 Indonesian HBV isolates

whose entire genomic

sequences were determined in

the present study and which are

indicated in bold type for visual

clarity, 44 representative HBV

isolates of subgenotypes C1–C5

whose entire sequences are

known were included for

comparison. The reported

isolates are indicated with the

accession no. followed by the

name of the country of isolation.

Bootstrap values are indicated

for the major nodes as a

percentage of the data obtained

from 1,000 resamplings
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isolates (70%) were classified into subgenotype B3, repre-

sented by B0612746(JKT)F, whose entire genomic sequence

was determined in the present study, 93 isolates (15%) into

subgenotype B7, represented by B0607154(KDR)F,

B0503213(MKS)F, B0715677(MMR)F, B0714202(BMA)F,

and B0714189(WBK)F, 50 isolates (8%) into subgenotype B2,

represented by B0503341(PTK)F, and five isolates (1%) into

subgenotype B5, represented by B0503233(BJS)F and

B0607171(KDR)F. The remaining 39 isolates (6%) were

classified into a novel subgenotype, which was tentatively

designated as B8 in the present study, represented by

B0714157(WBK)F, B0308839(DPS)F, B0503102(DIL)F,

and B0503138(KPG)F, with a bootstrap value of 100%

(Fig. 1). Subgenotypes B1, B4, and B6 were not found in the

studied population.

When the 241 HBV/C isolates obtained in the present

study were compared within the 396-nt S gene sequence

(Table 3), and when the entire genomic sequence

(3,215 nt) of 12 selected HBV/C isolates was determined

and subjected to phylogenetic analysis with HBV/C iso-

lates whose entire sequence is known (Fig. 2), 106 isolates

(44%) were grouped into subgenotype C1, represented by

C0503296(PKT)F, 41 isolates (17%) into subgenotype C2,

represented by C0714154(WBK)F, and 38 isolates (16%)

into subgenotype C5, represented by C0503222(MND)F,

C0715697(TNT)F, and C0607174(THN)F. Of note, 33

isolates (14%) were most closely related to the C6 (Papua)

HBV/C isolates, whose subgenotype was provisionally

designated as C6 based on their partial S gene and precore/

core gene sequences [19], with identities of 97.6–99.4%

Table 2 Distribution of HBV subgenotypes B1–B8 among individuals infected with genotype B HBV in Indonesia

Island City No. of genotype B HBV isolates No. of isolates with the indicated HBV subgenotype (%)a

B2 B3 B5 B7 B8b

Sumatera Medan 11 0 9 (82) 0 2 (18) 0

Padang 2 0 1 (50) 0 1 (50) 0

Palembang 3 0 3 (100) 0 0 0

Bandar-Lampung 30 4 (13) 24 (80) 0 2 (7) 0

Bangka Tanjung-Pandan 3 1 (33) 1 (33) 0 1 (33) 0

Java Jakarta 63 10 (16) 53 (84) 0 0 0

Solo 30 3 (10) 27 (90) 0 0 0

Surabaya 49 3 (6) 46 (94) 0 0 0

Kalimantan Pontianak 57 9 (16) 45 (79) 0 3 (5) 0

Banjarmasin 47 1 (2) 44 (94) 1 (2) 1 (2) 0

Balikpapan 13 0 13 (100) 0 0 0

Sulawesi Manado 5 1 (20) 4 (80) 0 0 0

Kendari 16 0 9 (56) 4 (25) 3 (19) 0

Makassar 9 0 3 (33) 0 5 (56) 1 (11)

Sangihe-Talaud Tahuna 2 0 1 (50) 0 0 1 (50)

North Moluccas Ternate 1 0 1 (100) 0 0 0

South Moluccas Ambon 6 1 (17) 3 (50) 0 2 (33) 0

Masohi 4 1 (25) 2 (50) 0 1 (25) 0

Bali Denpasar 29 1 (3) 25 (86) 0 0 3 (10)

Lombok Mataram 50 8 (16) 36 (72) 0 6 (12) 0

Sumbawa Sumbawa Besar 14 0 9 (64) 0 5 (36) 0

Bima 20 5 (25) 11 (55) 0 3 (15) 1 (5)

Sumba Waikabubak 35 0 11 (31) 0 17 (49) 7 (20)

Flores Maumere 35 0 20 (57) 0 13 (37) 2 (6)

Timor Kupang 52 1 (2) 9 (17) 0 22 (42) 20 (38)

Dili 24 1 (4) 14 (58) 0 5 (21) 4 (17)

Papua Indonesia Jayapura 4 0 4 (100) 0 0 0

Biak 1 0 0 0 1 (100) 0

Total 615 50 (8) 428 (70) 5 (1) 93 (15) 39 (6)

a HBV isolates of subgenotypes B1, B4 and B6 were not found in the studied population
b A novel subgenotype within genotype B, provisionally designated as B8 in the present study
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within the overlapping 168-nt S sequence, and classified

into subgenotype C6, represented by C0610090(BIK)F and

C0610316(JYP)F, whose entire genomic sequence was

determined in the present study. In addition, 22 isolates

(9%) were classified into a novel subgenotype which

was tentatively designated as C7 in the present study,

represented by C0503236(BJS)F, C0503463(MTR)F,

C0309374(DPS)F, and C0309392(DPS)F, with a bootstrap

value of 100% (Fig. 2). The remaining one HBV/C isolate

[C0503133(DIL)F] shared nucleotide sequence identities

of only 94.5–95.7% with C1 isolates (n = 18), 95.2–96.5%

with C2 isolates (n = 19), 95.5–95.9% with C3 isolates

(n = 2), 93.7% with C4 isolates (n = 2), 94.1–94.4% with

C5 isolates (n = 8), 95.5–95.9% with C6 isolates (n = 2),

and 95.5–95.8% with C7 isolates (n = 4) over the entire

genome (see Fig. 2 for accession nos.) and did not segre-

gate into any clusters of HBV/C (Fig. 2), indicating that

this particular HBV/C isolate may be classifiable into an

eighth subgenotype within genotype C. However, since no

other HBV isolate homologous to C0503133(DIL)F was

available, this isolate was regarded as ‘‘Unclassified sub-

genotype of genotype C’’ in the current study.

Distribution of HBV genotype/subgenotype

in Indonesia

Subgenotype B3 was distributed widely throughout Indo-

nesia, being predominant in Sumatera and Java, and

Table 3 Distribution of HBV subgenotypes C1–C7 among individuals infected with genotype C HBV in Indonesia

Island City No. of genotype C HBV isolates No. of isolates with the indicated HBV subgenotype (%)a

C1 C2 C5 C6b C7c Unclassified

Sumatera Medan 5 5 (100) 0 0 0 0 0

Padang 6 6 (100) 0 0 0 0 0

Palembang 2 1 (50) 0 0 0 1 (50) 0

Bandar-Lampung 7 6 (86) 1 (14) 0 0 0 0

Bangka Tanjung-Pandan 2 2 (100) 0 0 0 0 0

Java Jakarta 15 6 (40) 5 (33) 0 0 4 (27) 0

Solo 2 2 (100) 0 0 0 0 0

Surabaya 1 1 (100) 0 0 0 0 0

Kalimantan Pontianak 28 27 (96) 1 (4) 0 0 0 0

Banjarmasin 7 3 (43) 1 (14) 0 0 3 (43) 0

Balikpapan 0 0 0 0 0 0 0

Sulawesi Manado 13 9 (69) 0 4 (31) 0 0 0

Kendari 3 3 (100) 0 0 0 0 0

Makassar 3 3 (100) 0 0 0 0 0

Sangihe-Talaud Tahuna 7 0 0 7 (100) 0 0 0

North Moluccas Ternate 31 4 (13) 1 (3) 26 (84) 0 0 0

South Moluccas Ambon 10 9 (90) 1 (10) 0 0 0 0

Masohi 1 1 (100) 0 0 0 0 0

Bali Denpasar 9 4 (44) 0 0 0 5 (56) 0

Lombok Mataram 10 2 (20) 0 0 0 8 (80) 0

Sumbawa Sumbawa Besar 2 1 (50) 0 0 0 1 (50) 0

Bima 1 0 1 (100) 0 0 0 0

Sumba Waikabubak 7 0 7 (100) 0 0 0 0

Flores Maumere 3 1 (33) 2 (67) 0 0 0 0

Timor Kupang 15 2 (13) 13 (87) 0 0 0 0

Dili 13 5 (38) 6 (46) 1 (8) 0 0 1 (8)

Papua Indonesia Jayapura 29 2 (7) 1 (3) 0 26 (90) 0 0

Biak 9 1 (11) 1 (11) 0 7 (78) 0 0

Total 241 106 (44) 41 (17) 38 (16) 33 (14) 22 (9) 1 (0.4)

a HBV isolates of subgenotypes C3 and C4 within genotype C were not found in the studied population
b Similar to ‘‘C6 (Papua) isolates’’ whose partial sequence is known, reported by Lusida et al. [19]
c A novel subgenotype within genotype C, provisionally designated as C7 in the present study
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subgenotype B7 was scattered widely, with high preva-

lence in the southern part of Sulawesi (Kendari and

Makassar), South Moluccas (Ambon and Masohi), Lombok

(Mataram), Sumbawa (Sumbawa Besar and Bima), Sumba

(Waikabubak), Flores (Maumere), and Timor (Kupang and

Dili). Subgenotype B2 was also dispersed widely, with

high prevalence in Sumatera (Bandar-Lampung), Java

(Jakarta, Solo, Surabaya), Kalimantan (Pontianak), Lombok

(Mataram), and Sumbawa (Bima), whereas subgenotype

B5 was restricted to Sulawesi (Kendari) and Kalimantan

(Banjarmasin). The novel subgenotype B8 was found

mainly in Sumba, Flores and Timor Islands (Table 2).

Subgenotype C1 was found to be dispersed throughout

Indonesia, while subgenotype C2 was found mainly in

Jakarta, Waikabubak, Maumere, Kupang, and Dili. Sub-

genotype C5 was found in the northern part of Sulawesi

(Manado), Sangihe-Talaud (Tahuna), and North Moluccas

(Ternate), whereas subgenotype C6 was found only in

Papua Indonesia (Jayapura and Biak) (Table 3). The novel

subgenotype C7 was found mainly in Jakarta, Kalimantan

(Banjarmasin), Bali and Lombok Islands.

Reflecting the presence of multiple subgenotypes within

genotypes A–D in Indonesia, 26 viremic subjects (3%)

were infected with two or three distinct subgenotypes of

HBV (Table 4). Of note, 11 (42%) of the 26 subjects had

HBVs of predominant subgenotypes (B3 and C1) within

each of the genotypes B and C.

Distribution of the HBsAg subtype in Indonesia

All four HBsAg subtypes (adw, adr, ayw, and ayr) were

found in Indonesia, as shown in Table 5. Subtype adw

was predominant in the western part of Indonesia (except

for Padang, where adr was predominant); subtype ayw

was predominant in the southern part of Sulawesi, South

Moluccas, Lombok, Sumbawa, Sumba, Flores, and Timor;

whereas adr was predominant in Papua Indonesia. Sub-

type ayr was found to be extremely rare; it was found in

only 5 (1%) of 928 HBV isolates (2 in Jakarta, 2 in

Manado, and 1 in Jayapura), including the 26 carriers with

mixed HBV infection of different genotypes/subgenotypes

(Tables 4, 5).

Table 4 Mixed infection with two or three distinct subgenotypes of HBV in Indonesia

ID no. Island City Mixed subgenotype (subtype)

0708952 Bangka Tanjung-Pandan B7 (ayw) ? D1 (ayw)

0612768 Java Jakarta C2 (adr) ? C7 (adr)

0612781 Java Jakarta B3 (adw) ? C2 (ayr)

0612805 Java Jakarta B2 (adw) ? C1 (adr) ? C7 (adr)

0503299 Kalimantan Pontianak B3 (ayw) ? C1 (adr)

0503313 Kalimantan Pontianak C1 (adr) ? C2 (adr)

0503322 Kalimantan Pontianak B3 (adw) ? C1 (adr)

0503323 Kalimantan Pontianak B3 (adw) ? C1 (adr)

0503329 Kalimantan Pontianak B3 (ayw) ? C1 (adr)

0503330 Kalimantan Pontianak B3 (adw) ? C1 (adr)

0503239 Kalimantan Banjarmasin B2 (adw) ? B3 (ayw) ? C1 (adr)

0503280 Kalimantan Banjarmasin B3 (adw) ? C1 (adr)

0612826 Kalimantan Balikpapan A2 (adw) ? B3 (adw)

0612838 Kalimantan Balikpapan A2 (adw) ? B3 (adw)

0503218 Sulawesi Manado C1 (ayr) ? C5 (adw)

0503229 Sulawesi Manado B3 (adw) ? C1 (adr)

0607162 Sulawesi Kendari B3 (adw) ? C1 (adr)

0503212 Sulawesi Makassar A1 (adw) ? B7 (ayw)

0503086 South Moluccas Ambon C1 (adr) ? D3 (ayw) ? D3(ayw) (*)a

0309316 Bali Denpasar B3 (adw) ? C1 (adr)

0708931 Sumbawa Sumbawa Besar B3 (adw) ? C1 (adr)

0503151 Timor Kupang B7 (ayw) ? C2 (adr)

0503153 Timor Kupang B2 (adw) ? C2 (adr)

0503182 Timor Kupang B7 (ayw) ? C2 (adr)

0503100 Timor Dili C1 (adr) ? C2 (adr)

0610319 Papua Indonesia Jayapura C6 (adr) ? D3 (ayw)

a Two distinct strains of subgenotype D3, which differed from each other by 2.5% within the 396-nt S gene sequence, were obtained

1054 Mulyanto et al.

123



All seven HBV/A isolates and 65 HBV/D isolates were

typed as adw and ayw, respectively, irrespective of the

subgenotype, while 67% of the 615 HBV/B isolates and

79% of the 241 HBV/C isolates were typed as adw and adr,

respectively (Table 6). Analysis of the association between

HBsAg subtypes and subgenotypes showed that the pre-

dominant subtype of subgenotypes B2 and B3 was adw,

accounting for 98 and 84% of each subgenotype, respec-

tively, while the subtype in subgenotypes B5, B7 and B8

was exclusively ayw. The predominant subtype of subge-

notypes C1, C2, C6, and C7 was adr, accounting for

85–100% of each subgenotype, while the subtype in all 38

subgenotype C5 isolates was adw. Table 6 indicates that

subtypic determinant ‘r’ had a close association with

genotype C, while subtypic determinant ‘w’ was associated

with all four genotypes (A–D).

HDV infection in Indonesia

As for HDV infection in Indonesia, seven HBV-viremic

subjects (0.8%) were reproducibly positive for anti-HDV

antibodies. However, none had detectable HDV RNA,

suggesting infrequent, if any, HDV infection in HBV-

infected individuals in Indonesia.

Discussion

Previous studies showed that there were only three HBV

genotypes (B, C, and D) in Indonesia [1, 18, 19, 26, 34].

However, the present study indicated that at least four

major genotypes (A, B, C, and D) are present in Indonesia,

although genotypes A and D were infrequent, and

Table 5 Distribution of HBsAg subtypes among 928 HBV isolates of genotype A, B, C, or D on various islands of Indonesia

Island City No. of subjects No. of subjects with HBsAg subtype (%)

adw adr ayw ayr

Sumatera Medan 16 9 (56) 5 (31) 2 (13) 0

Padang 8 1 (13) 6 (75) 1 (13) 0

Palembang 5 3 (60) 2 (40) 0 0

Bandar-Lampung 37 28 (76) 7 (19) 2 (5) 0

Bangka Tanjung-Pandan 6 2 (33) 2 (33) 2 (33) 0

Java Jakarta 79 64 (81) 12 (15) 1 (1) 2 (3)

Solo 33 30 (91) 2 (6) 1 (3) 0

Surabaya 50 47 (94) 1 (2) 2 (4) 0

Kalimantan Pontianak 85 37 (44) 26 (31) 22 (26) 0

Banjarmasin 54 41 (76) 7 (13) 6 (11) 0

Balikpapan 18 18 (100) 0 0 0

Sulawesi Manado 18 9 (50) 7 (39) 0 2 (11)

Kendari 19 7 (37) 3 (16) 9 (47) 0

Makassar 13 4 (31) 3 (23) 6 (46) 0

Sangihe-Talaud Tahuna 9 8 (89) 0 1 (11) 0

North Moluccas Ternate 33 28 (85) 4 (12) 1 (3) 0

South Moluccas Ambon 34 4 (12) 10 (29) 20 (59) 0

Masohi 43 2 (5) 1 (2) 40 (93) 0

Bali Denpasar 38 24 (63) 9 (24) 5 (13) 0

Lombok Mataram 60 43 (72) 9 (15) 8 (13) 0

Sumbawa Sumbawa Besar 16 9 (56) 2 (13) 5 (31) 0

Bima 21 16 (76) 1 (5) 4 (19) 0

Sumba Waikabubak 42 1 (2) 7 (17) 34 (81) 0

Flores Maumere 38 2 (5) 3 (8) 33 (87) 0

Timor Kupang 68 7 (10) 13 (19) 48 (71) 0

Dili 37 14 (38) 12 (32) 11 (30) 0

Papua Indonesia Jayapura 36 3 (8) 28 (78) 4 (11) 1 (3)

Biak 12 1 (8) 8 (67) 3 (25) 0

Total 928 462 (50) 190 (20) 271 (29) 5 (1)
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co-infection of HDV was at a negligible level. The present

study also revealed the presence of a total of 14 subgeno-

types within genotypes A–D in Indonesia, including two

novel subgenotypes, B8 and C7, which were provisionally

designated as the eighth subgenotype of genotype B and

seventh subgenotype of genotype C, respectively, in the

current study. It was reported that, for some HBV strains,

analysis of S gene sequences alone might not be sufficient

to classify HBV isolates into subgenotypes [25]. In the

present study, however, one to five representative isolates

were randomly selected from each of the phylogentic

clusters (subgenotypes) that were generated based on the

396-nt S gene sequence, and their entire nucleotide

sequences were determined to validate the appropriateness

of the subgenotypic groupings. Notably, with regard to

each of the 10 subgenotypes of genotypes B and C found in

Indonesia, all HBV isolates of a particular subgenotype

were more closely related to the representative isolate(s) of

the subgenotype whose entire genomic sequence was

determined than to the other subgenotypes.

Of the two HBV genotypes (B and C) found frequently

in Indonesia, there was a remarkable difference in their

subgenotype frequencies. The five subgenotypes within

genotype B (B2, B3, B5, B7 and B8) were distributed

unevenly in Indonesia. Among them, subgenotype B3 was

most predominant (70%), followed by subgenotype B7

(15%), and the remaining three subgenotypes accounted for

15% (B2, 8%; B8, 6%; and B5, 1%). In contrast to geno-

type B, the five subgenotypes of genotype C (C1, C2, C5,

C6, and C7) were observed at somewhat similar frequency.

Among these five subgenotypes of genotype C, the most

predominant subgenotype (C1) accounted for only 44%,

followed by subgenotypes C2 (17%), C5 (16%), C6 (14%),

and C7 (9%). Among the 14 subgenotypes found in the

present study, subgenotype B3 accounted for 46%. HBV of

subgenotype B3 (HBV/B3) was distributed widely

throughout Indonesia, except for Biak in Papua (Table 2),

and has not been reported in countries other than Indonesia.

Taken altogether, it is very likely that HBV/B3 is indige-

nous to Indonesia. In contrast, subgenotypes B2, C1, and

C2, accounting for 5, 11, and 4%, respectively, of the

studied population, are distributed in many Asian countries

including China where subgenotypes B2, C1 and C2 pre-

vail [42], suggesting that HBV of these three subgenotypes

may have been imported from neighboring Asian countries

in the past.

Subgenotype B5, represented by B0503233(BJS)F and

B0607171(KDR)F, has thus far been reported only in

the Philippines [32] and was found to be restricted to

Kalimantan (Banjarmasin) and Sulawesi (Kendari) in the

present study. Subgenotype C5, represented by C050-

3222(MND)F, C0715607(TNT)F, and C0607174(THN)F,

was found only in the northern part of Sulawesi (Manado),

Sangihe-Talaud (Tahuna), and North Moluccas (Ternate),

corroborating the previous study by Achwan et al. [1] who

reported the presence of HBV of subgenotype C5 (HBV/

C5) in Tahuna. HBV/C5 has also been reported in the

Philippines [32] and Vietnam [9]. Interestingly, anthropo-

logic evidence shows a close relationship between Filipino

and Vietnamese peoples [5]. Hence, it seems likely that the

inhabitants living in the northern part of Sulawesi, Sangihe-

Talaud, and North Moluccas had originally come from

Table 6 Associations between HBsAg subtype and HBV genotype/

subgenotype

HBsAg subtypes

Total adw adr ayw ayr

n n (%) n (%) n (%) n (%)

Genotype

A 7 7 (100)a 0 0 0

B 615 409 (67)b 0 206 (33) 0

C 241 46 (19) 190 (79) 0 5 (2)

D 65 0 0 65 (100) 0

Subgenotypes of Ac

A1 2 2 (100) 0 0 0

A2 5 5 (100) 0 0 0

Subgenotypes of Bd

B2 50 49 (98) 0 1 (2) 0

B3 428 360 (84) 0 68 (16) 0

B5 5 0 0 5 (100) 0

B7 93 0 0 93 (100) 0

B8 39 0 0 39 (100) 0

Subgenotypes of Ce

C1 106 3 (3) 101 (95) 0 2 (2)

C2 41 4 (10) 35 (85) 0 2 (5)

C5 38 38 (100) 0 0 0

C6 33 1 (3) 31 (94) 0 1 (3)

C7 22 0 22 (100) 0 0

Unclassified 1 0 1 (100) 0 0

Subgenotypes of Df

D1 32 0 0 32 (100) 0

D3 33 0 0 33 (100) 0

Total 928 462 (50) 190 (20) 271 (29) 5 (1)

a Numbers of samples with the highest percentage are indicated in

boldtype
b Numbers of samples where the highest percentage \90% are

underlined
c Subgenotypes A3 and A4 were not detected in the studied

population
d Subgenotype B1, B4 and B6 were not detected in the studied

population
e Subgenotypes C3 and C4 were not detected in the studied

population
f Subgenotype D2, D4, D5, and D6 were not detected in the studied

population
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Vietnam and directly migrated to Indonesia or via the

Philippines. Alternatively, since HBV/C5 isolates in

Indonesia were phylogenetically closer to those in the

Philippines than those in Vietnam (Fig. 2), and since

Tahuna, Manado, and Ternate are located adjacent to

Mindanao Island of the Philippines, HBV/C5 and HBV/B5

may have simply been imported from the Philippines or

vice versa, or each subgenotype may have been derived

from a common ancestor as the respective subgenotype in

the Philippines.

Of note, subgenotype B7, represented by B0607154

(KDR)F, B0503213(MKS)F, B0715677(MMR)F, B0714202

(BMA)F, and B0714189(WBK)F, were found to be dis-

tributed not only in West Nusa Tenggara, including

Lombok and Sumbawa Islands, and East Nusa Tenggara

including Sumba, Flores, and Timor Islands, where

Nurainy et al. [26] first identified HBV/B7, but also in the

southern part of Sulawesi and South Moluccas. A novel

subgenotype of genotype B (B8), represented by

B0714157(WBK)F, B0308839(DPS)F, B0503102(DIL)F,

and B0503138(KPG)F, was identified mainly in East Nusa

Tenggara. Lusida et al. [19] reported the presence of

HBV/C6 in Papua, although only a partial sequence of the

HBV genome was determined. In the present study, 33

HBV isolates classifiable into subgenotype C6 in Jayapura

and Biak in Papua were found, and the entire genomic

sequences of two representative HBV/C6 isolates,

C0610090(BIK)F and C0610316(JYP)F, were determined.

HBV/C6 isolates were not identified in any of the other

cities on the 14 islands studied in Indonesia, suggesting that

HBV/C6 is indigenous to Papua. Of interest, a novel sub-

genotype of genotype C (C7) represented by C0503236

(BJS)F, C0503463(MTR)F, C0309374(DPS)F, and C030-

9392(DPS)F was identified in the present study. However,

it remains unclear why HBV/C7 was distributed separately

in particular places including Java (Jakarta), Kalimantan

(Banjarmasin), Bali, and Lombok.

There are more than 400 ethnic groups and languages in

Indonesia [38]. The present study enabled us to assess

whether the distribution of HBV genotypes/subgenotypes

reflects the national motto of Indonesia, i.e., ‘‘Bhinneka

Tunggal Ika’’ or ‘‘Unity in diversity’’. Courouce-Pauty

et al. [7] and Mazzur et al. [20] showed that the geo-

graphical distribution of HBsAg subtypes can provide

valuable information on ancestral migration. In a previous

study [21], Indonesia was divided into four different zones

based on the distribution of HBsAg subtypes, i.e., the adw-

dominant zone, adr zone, ayw zone, and mixed-subtype

zone. In the present study, based on the distribution and

predominance of HBV genotypes/subgenotypes, the four

subtype-based zones were found to be further divided into

several subzones. The adw zone was divided into the

B3/adw-dominant subzone in Sumatera, Bangka, Java, and

Bali Islands and the C5/adw subzone in the northern part of

Sulawesi (Manado), Sangihe-Talaud (Tahuna), and North

Moluccas (Ternate). Padang in Sumatera was an exception,

where C1/adr predominated, although it is far from the adr

zone, consistent with the previous report [21]. The ayw

zone was divided into the D/ayw subzone in South

Moluccas, B7/ayw subzone in West Nusa Tenggara and

B7/ayw&B8/ayw subzone in East Nusa Tenggara. The adr

zone was rich in C6/adr in Papua (Jayapura and Biak).

A mixed-subtype zone where the frequencies of adw, ayw,

and adr were comparable (Kalimantan and southern part of

Sulawesi) was found to be rich in B3/adw, B7/ayw and

C1/adr.

The genotype/subgenotype/subtype-based subzones

found in the present study may support further tracing of

the migration of Indonesian ancestors. Although there are

some theories about the origin of the Indonesian popula-

tion, one of the most accepted theories is that proposed by

Brandes [6]. According to Brandes, the inhabitants occu-

pying Indonesia consist of people who originated from

language speakers of Stocks Austronesia. Stocks Austro-

nesia is divided into Substocks West Austronesia and East

Austronesia. The Substocks West Austronesia populations

occupied the western part of Indonesia from Sumatera to

Kalimantan, Bali and West Nusa Tenggara Islands, where

B3/adw is predominant (Table 2), while Substocks East

Austronesia populations occupied the eastern part of

Indonesia from Sulawesi to Nusa Tenggara and South

Moluccas, where B7/ayw and B8/ayw prevail (Table 2). Of

interest, the distribution of HBV/C7, which was seen in

Banjarmasin, Denpasar, Mataram, and Sumbawa Besar, is

consistent with the distribution of language speakers of the

subfamily of Bali-Sasak-Sumbawa, which is a member of

substock West Austronesia. Although it has not been

reported thus far whether subgenotype C6 is also pre-

dominant in Papua New Guinea and Melanesia, it is pos-

sible that the ancestors of Papua Indonesia inhabitants

originated from Papua New Guinea and Melanesia, where

HBsAg with subtype adr predominate [23]. In support of

this speculation, HBV isolates of compound subtype adwr,

which share the highest nucleotide identity of 98.2% within

the entire S gene sequence with subgenotype C6 isolates

[C0610090(BIK)F and C0610316(JYP)F] among HBV

isolates of all seven subgenotypes within genotype C, were

obtained in Papua New Guinea [27]. According to the

Summer Institute of Linguistics [39], the inhabitants of

Papua Indonesia originated from language speakers of

Stocks Austronesia and non-Austronesia. It is tempting to

speculate that HBV carriers of subgenotype C6 in Papua

are of the non-Austronesian-speaking group and those

of subgenotype B3, B7, C1, or C2 in Papua are of the

Austronesian-speaking group. To elucidate this interesting

issue, further studies using HBV-positive serum samples
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obtained from various areas in Papua Indonesia as well as

Papua New Guinea, Melanesia, Polynesia and the other

islands are required.

Although the reason why HBV/A was distributed mainly

in Balikpapan remains unknown, the presence of HBV/D in

South Moluccas may be attributable to importation in

accordance with the migration of Europeans (The Nether-

landers), who came to South Moluccas around 400 years

ago. In support of this, 26 HBV/D3 isolates in South

Moluccas shared nucleotide sequence identities of 99.5–

100% with a representative European isolate of the same

subgenotype (X65257).

In conclusion, the present nationwide study on HBV

genotypes/subgenotypes in Indonesia revealed the presence

of a total of 14 subgenotypes within genotypes A–D,

including two novel subgenotypes (tentatively designated

B8 and C7) and suggested that the distribution of HBV

genotypes/subgenotypes is associated with ethnological

origins in Indonesia. The identification of an HBV isolate

[C0503133(DIL)F] of unclassifiable subgenotype of geno-

type C in the present study suggests that further studies

with greater number of samples in examined and unex-

amined areas would contribute to the discovery of HBV

strains of novel subgenotype(s) or even of novel geno-

type(s) in Indonesia that may be closely related to partic-

ular ethnic groups.
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