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Abstract
The majority of hepatitis C virus (HCV) infection results in chronic infection, which can lead

to liver cirrhosis and hepatocellular carcinoma. Global burden of hepatitis C virus (HCV) is

estimated at 150 million individuals, or 3% of the world’s population. The distribution of the

seven major genotypes of HCV varies with geographical regions. Since Asia has a high inci-

dence of HCV, we assessed the distribution of HCV genotypes in Thailand and Southeast

Asia. From 588 HCV-positive samples obtained throughout Thailand, we characterized the

HCV 5’ untranslated region, Core, and NS5B regions by nested PCR. Nucleotide se-

quences obtained from both the Core and NS5B of these isolates were subjected to phylo-

genetic analysis, and genotypes were assigned using published reference genotypes.

Results were compared to the epidemiological data of HCV genotypes identified within

Southeast Asian. Among the HCV subtypes characterized in the Thai samples, subtype 3a

was the most predominant (36.4%), followed by 1a (19.9%), 1b (12.6%), 3b (9.7%) and 2a

(0.5%). While genotype 1 was prevalent throughout Thailand (27–36%), genotype 3 was

more common in the south. Genotype 6 (20.9%) constituted subtype 6f (7.8%), 6n (7.7%),

6i (3.4%), 6j and 6m (0.7% each), 6c (0.3%), 6v and 6xa (0.2% each) and its prevalence

was significantly lower in southern Thailand compared to the north and northeast (p = 0.027

and p = 0.030, respectively). Within Southeast Asia, high prevalence of genotype 6 oc-

curred in northern countries such as Myanmar, Laos, and Vietnam, while genotype 3 was

prevalent in Thailand and Malaysia. Island nations of Singapore, Indonesia and Philippines

demonstrated prevalence of genotype 1. This study further provides regional HCV genotype

information that may be useful in fostering sound public health policy and tracking future

patterns of HCV spread.
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Introduction
Hepatitis C virus (HCV) infection is a global public health problem with approximately 130 to
150 million infected individuals worldwide [1]. Most HCV infection will lead to chronic hepa-
titis, cirrhosis and hepatocellular carcinoma, which result in 500000 deaths annually from
HCV-related liver diseases. Prevalence of HCV varies depending on the country and region.
HCV seroprevalence is< 2% in developed countries, but� 15% in developing countries [2].
Unsafe medical procedures prior to HCV awareness, blood transfusion, and unsterile needle-
sharing among intravenous drug users (IVDU) are major modes of HCV transmission and has
contributed to the rapid spread of some common strains [2,3]. As a result, the distribution of
HCV genotypes and subtypes differ substantially. For instance, genotypes 1, 2, and 3 are widely
distributed while other genotypes are confined to certain geographical area. Genotype 4 pre-
vails in Africa and Middle East, but genotypes 5 and 6 are endemic in South Africa and South-
east Asia, respectively. A newly identified genotype 7 has been isolated from a Congolese
immigrant in Canada [4,5].

Knowledge about HCV genotypes is not only important for appropriate treatment regimen,
but their epidemiological data can reveal transmission activity and migration movement of in-
fected individuals from the endemic area. Among patients with genotype 1 or 4, the treatment
response rate to conventional antiviral therapy of pegylated-interferon and ribavirin is lower
than with genotypes 2 and 3 [6]. The treatment for genotypes 1 and 4 also requires longer dura-
tion of drug administration. Regional spread of some HCV genotypes is associated with particu-
lar transmission factors. Subtype 1b spread effectively via blood transfusion, while subtype 1a
and 3a became predominant through injecting drug used [3,7]. Subtypes 4a and 1b are common
in Egypt and Japan, respectively, due to the onset of iatrogenic injection of anti-schistosomiasis
campaign during the 20th century [8,9]. Migration from an endemic area to new regions is also
thought to be responsible for changing the HCV genotype landscape. An example is the emer-
gence of genotype 6 in industrialized countries such as Canada and Australia, which is genetical-
ly similar to the most isolated genotype of Southeast Asian linage [5,10].

Even within Southeast Asia, common genotypes and prevalence varies geographically. Ge-
notype 6 is dominant in South China, Myanmar, Laos, Vietnam and Cambodia [11–15] while
Genotype 3 is common in Thailand and Malaysia [16,17]. Surprisingly, genotype 1 became the
major genotype in Singapore, Indonesia and Philippines [18–20], possibly due to its introduc-
tion from western countries during or after World War II [7].

Past epidemiological studies of HCV in Thailand provided inconsistent data due to the se-
lection of the population and areas under study. A seroprevalence study of randomly selected
individuals from four geographically distinct provinces showed approximately 2.2% of the in-
dividuals had anti-HCV, with subtype 3a (51.1%), subtype 1b (26.7%), genotype 6 (8.9%), sub-
type 1a (6.7%), and subtype 3b (2.2%) being most common [16]. First-time blood donors
screened by the National Blood Center in Bangkok showed a lower HCV seroprevalence of
0.98–0.51% [21,22]. Not surprisingly, high-risk group such as IVDU demonstrated 70–90% se-
roprevalence [21,23]. When specific regions of the country were examined, blood donors from
central Thailand showed high frequency of subtype 3a (up to 70%) and low frequency of geno-
type 6 (2.6%) [21], while donors from the north showed lower frequency of 3a (33.3%) and
higher frequency of 6 (31%) [24]. In addition, there is insufficient epidemiological data from
southern Thailand. Screening for anti-HCV antibody from large sample size generally result in
only a few hundred RNA-positive samples available for genome characterization [16,23,25].
Furthermore, there is a lack of integrated national and regional database of HCV prevalence.
Therefore, this study aims to evaluate regional burden of HCV within Thailand and among
Southeast Asian countries.

Distribution of HCV Genotype in Thailand and SEA

PLOSONE | DOI:10.1371/journal.pone.0126764 May 11, 2015 2 / 14

Cement Group, and MK Restaurant Company
Limited. This research is also supported by the
Rachadapisek Sompote Fund of Chulalongkorn
University for postdoctoral fellowship to Rujipat
Wasitthanksem and Research Unit of Hepatitis and
Liver Cancer, Chulalongkorn University. The funders
had no role in study design, data collection and
analysis, decision to publish, or preparation of the
manuscript.

Competing Interests: The authors received funding
from commercial sources Siam Cement Group and
MK Restaurant Company Limited. There are no
patents, products in development, or marketed
products to declare. This does not alter the authors'
adherence to PLOS ONE policies on sharing data
and material.



Materials and Methods

Sample collection
In total, 588 blood samples were collected from individuals who attended outpatient clinic or
donated blood from 2007 to 2012. In all, 132 individuals from the Northeast (Udon Thani Hos-
pital in Udon Thani province and Chum Phae Hospital in Khon Kaen province), 118 from the
South (Songklanagarind University Hospital in Songkhla province and Maharaj Nakhon Si
Thammarat Hospital in Nakhon Si Thammarat province), 82 from the North (Chiang Rai Pra-
chanukroh Hospital in Chiang Rai province and Uttaradit Hospital in Uttaradit province) and
256 from the Central region (Chulalongkorn Memorial Hospital in Bangkok) were included
(Fig 1). Information gathered such as age, gender, and collection date were kept confidential
and all samples were number-coded and anonymous. The study protocol was approved by the
Institutional Review Board (IRB 307/54) of the Faculty of Medicine, Chulalongkorn University
and conducted in compliance with the principles of the Declaration of Helsinki. Inform con-
sents were waived because all samples were treated as anonymous.

Viral extraction and PCR amplification
Viral HCV RNA was extracted from anti-HCV positive serum samples by guanidine thiocya-
nate method [26]. cDNAs were generated from viral RNA using ImProm-II Reverse Transcrip-
tase (Promega, Madison, WI) according to the manufacturer’s instructions. HCV infection was
performed by detecting 5’UTR region using RT-PCR with 2X Perfect Tag PlusMasterMix (5
PRIME, Gaithersburg, MD). For viral genotype assignment, samples positive for HCV 5’UTR
were subsequently analyzed for the Core and NS5B regions. Nested PCRs were employed as
followed. The 5’UTR outer primers were OC1 and OC2 and the inner primers were and IC4
(S1 Table). The Core region outer primers were 954F and 410R and the inner primers were
953F and 951R (S1 Table) [27]. First and second amplification reactions for both 5’UTR and
Core were as followed: pre-incubation at 94°C for 3 min., 40 cycles of denaturation at 94°C for
1 min., annealing at 49°C for 1 min., extension at 72°C for 1.30 min. and a final extension step
at 72°C for 7 min.

Degenerate primer sets for NS5B region consisted of outer primers NS5B_F1 and NS5B_R1
and inner primers NS5B_F2 and NS5BR2 (S1 Table). PCR conditions for NS5B were identical
to those for 5’UTR and Core, except nested PCR annealing temperature was changed to 52°C.

Sequencing and Phylogenetic analysis
The PCR products of partial Core and NS5B were purified (ExpinGel SV, GeneAll Biotechnol-
ogy, Seoul, Korea) and subjected to direct sequencing (First BASE Laboratories, Selangor, Ma-
laysia). Sequences were analyzed with Chromas LITE (v2.01), BioEdit v.5.0.9 (Ibis
Therapeutics, Carlsbad, CA), and SeqManPro(DNASTAR, Madison, WI), and subjected to
BLASTN search (http://www.ncbi.nlm.nih.gov).

Genotypes of HCV isolates were assigned based on the phylogenetic analysis of both Core
and NS5B sequences. Partial Core or NS5B sequences were aligned with reference sequences
retrieved from GenBank Database using ClustalX v.2.1 [28]. Sequence lengths used for the
alignment ranged between 275 to 304 nucleotides for the Core gene and 292 to360 nucleotides
for the NS5B gene. The Core and NS5B phylogenetic trees were generated from the dataset for
each region (North, Central, Northeast and South). Neighbor-joining trees of Core and NS5B
alignments were estimated by using Kimura’s two parameter method implemented in MEGA
v.6.0 [29]. Reliability of the phylogenetic trees was assessed by 1000 bootstrap resampling. Ref-
erence sequences [subtype] used in this study were: [1a] M62321, M67463; [1b] D90208,
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M58335; [1c] D14853; [2a] AB047639, D00944; [2b] D10988, AB030907; [2c] D50409; [3a]
D17763, D28917; [3b] D49374; [4a] Y11604; [5a] Y13184, AF064490; [6a] Y12083, AY859526;
[6b] D84262; [6c] EF424629; [6d] D84263; [6e] DQ314805; [6f] DQ835760; [6g] D63822; [6h]
D84265; [6i] DQ835770; [6j] DQ835769; [6k] D84264; [6l] EF424628; [6m] DQ835767; [6n]

Fig 1. Distribution of HCV genotypes and subtypes in the 4 regions of Thailand. Pie charts indicate the genotypic distribution in the North, Northeast,
Central and South based on the analysis of 588 samples. The genotype or subtype is indicated in a bracket, accompanied by the proportion in percentage.

doi:10.1371/journal.pone.0126764.g001

Distribution of HCV Genotype in Thailand and SEA

PLOSONE | DOI:10.1371/journal.pone.0126764 May 11, 2015 4 / 14



DQ278894, DQ835768, FU246939; [6o] EF424627; [6p] EF424626; [6q] EF424625; [6r]
EU408328; [6s] EU408329 [6t] EF632071, FU246939; [6u] EU246940; [6v] EU158186,
EU798760; [6w] DQ278892, EU643834; and [6xa] EU408330, EU408332. All sequences isolat-
ed in this study were submitted to GenBank database and the accession numbers were
KP323417-KP324281. The rest of nucleotide sequences were reported previously [30,31].

Data analysis
Distribution of HCV genotype was calculated in proportion to each region of Thailand. Geno-
typic distributions of HCV in Southeast Asian countries were extrapolated from previous re-
ports [11–13,16–20,32–50]. The Chi-square test was used to compare categorical variables.
Post Hoc ANOVA with Bonferroni correction was used to compare differences between group
means. P-value less than 0.05 was considered statistically significant. All statistical analyses
were calculated by using SPSS for Window version 11.5 (SPSS, Chicago, IL).

Results

Distribution of HCV genotypes in Thailand
Among the 588 samples representing 4 different geographical areas of Thailand, approximately
40% (n = 256) were from the Central region (Table 1, S1–S4 Figs). Since most individuals were
male (gender ratio 2.7:1), they contributed to a significantly higher prevalence of HCV infec-
tion than female in all regions (p< 0.000). The overall age range was 12 to 73 years (mean
41.5 ± 10.6 years). The South represented the youngest mean age, which was statistically signif-
icant compared to those in the Central (p< 0.000) and the Northeast (p = 0.040) regions. No
statistically significant differences in the mean age were observed among genotypes 1, 3, and 6
(p = 0.493, S2 Table). Subtype 6m (54.0 ± 4.0 years) and subtype 2a (34.7 ± 5.8 years) showed

Table 1. Characteristics and genotypes of HCV found in Thailand.

North Northeast Central South Total

Sample 82 132 256 118 588

Mean age (SD) 40.0 (10.4) 41.5 (9.4) 43.6 (11.4) 37.8 (9.0) 41.5 (10.6)

Sex (M/F) 70/12 98/34 163/93 96/22 427/161

Genotype (%) 26 (31.7) 36 (27.3) 91 (35.5) 38 (32.2) 191 (32.5)

1a 20 (24.4) 16 (12.1) 53 (20.7) 28 (23.7) 117 (19.9)

1b 6 (7.3) 20 (15.2) 38 (14.8) 10 (8.5) 74 (12.6)

Genotype 2 (%) 1 (1.2) 0 (0.0) 2 (0.8) 0 (0) 3 (0.5)

2a 1 (1.2) 0 (0.0) 2 (0.8) 0 (0) 3 (0.5)

Genotype 3 (%) 32 (39.0) 61 (46.2) 116 (45.3) 62 (52.5) 271 (46.1)

3a 19 (23.2) 52 (39.4) 98 (38.3) 45 (38.1) 214 (36.4)

3b 13 (15.9) 9 (6.8) 18 (7.0) 17 (14.4) 57 (9.7)

Genotype 6 (%) 23 (28.0) 35 (26.5) 47 (18.4) 18 (15.3) 123 (20.9)

6c 2 (2.4) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.3)

6f 7 (8.5) 15 (11.3) 21 (8.2) 3 (2.5) 46 (7.8)

6i 1 (1.2) 12 (9.1) 7 (2.7) 0 (0.0) 20 (3.4)

6j 0 (0.0) 0 (0.0) 4 (1.6) 0 (0.0) 4 (0.7)

6m 4 (4.9) 0 (0.0) 0 (0.0) 0 (0.0) 4 (0.7)

6n 8 (9.8) 7 (5.3) 15 (5.9) 15 (12.7) 45 (7.7)

6v 0 (0.0) 1 (0.8) 0 (0.0) 0 (0.0) 1 (0.2)

6xa 1 (1.2) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.2)

doi:10.1371/journal.pone.0126764.t001
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the oldest and youngest age, respectively (S3 Table). Differences in the mean age were signifi-
cant among subtypes (p = 0.0005). We found that the difference in age was significant between
6f (46.8 ± 8.3 year) and 1a (40.3 ± 11.1 year; p = 0.027), 6f and 3b (38.6 ± 10.9 years; p = 0.007),
and 6f and 6n (37.7 ± 9.1 years; p = 0.003).

Although we identified 4 HCV genotypes (1, 2, 3 and 6) and 13 subtypes (1a, 1b, 3a, 3b, 2a,
6c, 6f, 6i, 6j, 6m, 6n, 6v and 6xa) in the Thai samples (S1–S4 Figs), their distribution varied de-
pending on the regions of Thailand (Table 1). In decreasing order, the most common HCV
strains were genotype 3 (46.1%), genotype 1 (32.5%), genotype 6 (20.9%) and genotype 2
(0.5%). Subtype 3a (36.4%) comprised the most predominant subtype, followed by subtype 3b
(9.7%). The overall frequency of genotype 1 was 27.3% to 35.5%, including subtype 1a (19.9%)
and subtype 1b (12.6%). Genotype 6 showed very high variations, which included eight sub-
types: 6c (0.3%), 6f (7.8%), 6i (3.4%), 6j (0.7), 6m (0.7%), 6n (7.7%), 6v (0.2%) and 6xa (0.2%).
Lastly, subtype 2a (0.5%) was least frequently observed.

Genotype 3, particularly subtypes 3a and 3b, was the most predominant HCV in all regions
of Thailand with the lowest frequency in the North (39%) and highest in the South (52.2%)
(Fig 1). Distribution of genotype 6 was also significantly different among the 4 geographical re-
gions (p = 0.04), with the frequency and diversity appeared to decrease from North to South.
We found that the proportion of genotype 6 identified in the South was significantly lower
than that in the North (28%) and the Northeast (26.5%) (p = 0.027 and p = 0.030, respectively).
Although at least 8 subtypes (6c, 6f, 6i, 6j, 6m, 6n, 6v and 6xa) circulated throughout the coun-
try, only subtypes 6c and 6m were found in the North (p = 0.006 and p< 0.000, respectively).
Two novel subtypes (6v and 6xa) were also identified in the Northeast and the North, respec-
tively. Lastly, we detected only a few samples containing subtype 2a (0.5%).

Distribution of HCV genotypes in Southeast Asia (SEA)
To compare the distribution of HCV genotypes found in Thailand to those in Southeast Asia
region, we compiled data from several reports on the overall genotypic prevalence in Thailand
and eight neighboring countries, which included Myanmar, Laos, Vietnam, Cambodia, Malay-
sia, Singapore, Indonesia and the Philippines (Table 2, Fig 2). Insufficient data on Brunei pre-
cluded it from the analysis.

Fig 2 represented HCV genotypic distribution in each SEA deduced from studies with larg-
est sample size and contained HCV genotype classification by direct sequencing or phylogenet-
ic analyses in each respective country (S4 Table). Five HCV genotypes (1, 2, 3, 4 and 6) were
observed in the region (Fig 2, Table 2). Genotype 1 frequencies were high in Singapore (90.9%,
n = 11), Indonesia (72.7%, n = 150) and the Philippines (73.2%, n = 444), while genotype 2 was
less common [18–20]. Vietnam appeared to have the most diverse genotype 2 subtypes (2a, 2c,
2i, 2j and 2k) [13]. Genotype 3 was most frequently found in Thailand and Malaysia. Available
data appeared to suggest that it is the predominant genotype in Malaysia (67.9 to 73.0%,
Table 2) [17,42,43]. Genotype 4 subtype 4a was reported in Malaysia, Singapore, Indonesia,
and the Philippines (Table 2) [17,20,44,46–49]. Genotype 6 was most commonly found in
Myanmar, Laos and Vietnam, and presented the most diverse subtypes (� 18) in Southeast
Asia. Twelve subtypes (6a, 6c, 6e, 6f, 6h, 6k, 6l, 6n, 6o, 6p, 6r and 6t) were reported in Vietnam
alone [11–13]. Although genotype 6 was most common in Laos (95.8%, n = 40), the majority
of isolates have not been assigned subtypes [12].

Discussion
Due to substantial genetic diversity intrinsic to RNA viruses, HCV has been classified into 7 ge-
notypes with 67 confirmed and 20 provisional subtypes [4]. Differences in the geographic
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Table 2. Distribution of HCV genotypes in Southeast Asian countries.

Country Year Sample
No.

Sample group Genotyping method Genotype number (%) Reference

1 2 3 4 6 UN

Myanmar 2001 24 Liver disease Primer specific PCR 4(16.7) 0 18(75.0) 0 0 2(8.3) Nakai et al. 2001 [32]

2004 110 Blood donor Phylogentic 35 (31.8) 0 52(47.3) 0 23(20.9) 0 Shinji et al. 2004 [33]

2007 145 Normal population Phylogentic 16(11.0) 1(0.7) 57(39.3) 0 71(49.0) 0 Lwin et al. 2007 [11]

2011 15 Migrant worker Phylogentic 2(13.4) 0 9(60) 0 4(26.6) 0 Akkarathamrongsin et al.
2011 [34]

2014 4 US-bound refugee Phylogentic 0 0 1(25) 0 3(75) 0 Mixson-Hayden et al. 2014
[35]

Laos 2009 16 Liver disease Phylogentic 0 0 0 0 16(100) 0 Pybus et al. 2009 [36]

2011 40 Blood donor Phylogentic 2(5.0) 0 0 0 38(95.0) 0 Hubchen et al. 2011 [12]

Vietnam 2009 70 Blood donor Phylogentic 33(47.1) 0 4(5.7) 0 33(47.1) 0 Pham et al. 2009 [37]

2010 114 IVDU Phylogentic 75(65.8) 1(0.9) 10(8.8) 0 28(24.5) 0 Tanimoto et al. 2010 [38]

2011 842 Blood donor Nucleotide BLAST 256
(30.4)

128
(15.2)

0 0 458
(54.4)

0 Pham et al. 2011 [13]

2012 277 High risk groupsa Phylogentic 166
(59.9)

1(0.4) 5(1.8) 0 105
(37.9)

0 Dunford et al. 2012 [39]

2014 9 Normal population Not mentioned 1(11.1) 1(11.1) 1(11.1) 0 6 (66.7) 0 Do et al. 2014 [40]

2014 236 Blood donor and Liver
disease

Phylogentic 77(32.6) 34
(14.4)

0 0 125
(53.0)

0 Li et al. 2014 [41]

Cambodia 2011 25 Migrant worker Phylogentic 6(24.0) 0 5(20.0) 0 14(56.0) 0 Akkarathamroongsin et al.
2011 [34]

2014 11 Normal population Not mentioned 3(27.3) 0 0 0 6(54.5) 2
(18.2)

Yamada et al. 2014 [14]

Thailand 2007 45 Blood donor Phylogentic 16(35.6) 1(2.2) 24(53.3) 0 4(8.9) 0 Sunanchaikarn et al. 2007
[16]

2014 588 Blood donor and Liver
disease

Phylogentic 191
(32.5)

3(0.5) 271
(46.1)

0 123
(20.9)

0 This study

Malaysia 2012 28 Hemodialysis patient Phylogentic 7(25.0) 0 19(67.9) 1
(3.6)

1(3.6) 0 Hairul et al. 2012 [17]

2013 37 Liver disease Nucleotide BLAST 10(27.0) 0 27(73) 0 0 0 Mohamed et al. 2013 [42]

2014 17 Liver disease Nucleotide BLAST 5(29.4) 0 12(70.6) 0 0 0 Mohamed et al. 2014 [43]

Singapore 1995 16 Liver disease Nucleotide homology 11(68.8) 2(12.5) 2(12.5) 1
(6.2)

0 0 Ng et al. 1995 [44]

1995 11 Not mentioned Aminoacid similarity 10(90.9) 0 1(9.1) 0 0 0 Greene et al. 1995 [18]

Indonesia 2000 57 Blood donor Primer specific PCR 39(60.9) 12
(18.8)

8(12.5) 0 0 5(7.8) Inoue et al. 2000 [45]

2008 104 Blood donor and liver
disease

Phylogentic 64(61.5) 21
(20.2)

18(17.3) 1
(1.0)

0 0 Utama et al. 2008 [46]

2010 150 Liver disease Phylogentic 109
(72.7)

24
(16.0)

17(11.3) 0 0 0 Utama et al 2010 [19]

2012 44 HIV patient Phylogentic 28(63.6) 0 12(27.3) 3
(6.8)

1(2.3) 0 Anggorowati et al. 2012 [47]

2013 30 Prisoner Phylogentic 20(66.7) 0 8(26.6) 2
(6.7)

0 0 Prasetyo et al. 2013 [48]

2014 99 HIV patient Nucleotide sequence
homology

57(57.6) 2(2.0) 39(39.4) 1
(1.0)

0 0 Juniastuti et al. 2014 [49]

Philippines 2005 23 IVDU Phylogentic 15(65.2) 8(34.8) 0 0 0 0 Agdamag et al. 2005 [50]

2009 444 IVDU and dialysis
patient

Phylogentic 325
(73.2)

117
(26.4)

0 1
(0.2)

1(0.2) 0 Kageyama et al. 2009 [20]

The number of samples examined for each study with assignable HCV genotype was included.
aIntravenous drug user, commercial sex worker, dialysis worker and multi-transfused patient.

doi:10.1371/journal.pone.0126764.t002
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distribution of HCV genotypes also underscore its complex evolutionary past. Genotypes 1
and 3 (especially subtypes 1a, 1b and 3a) are the first and second most prevalent strains world-
wide, respectively [10]. Other genotypes are found in smaller proportion and relatively restrict-
ed to certain geographical areas. In this study, we examined HCV genotypes in four regions of
Thailand. Subtype 3a was the predominant subtype nationally (36.4%) and regionally (ranging
from 23.2% to 39.4%) in agreement with previous findings [16,25]. The distribution of geno-
type 6 demonstrated high prevalence in the North and Northeast in comparison to the South
(p = 0.027 and p = 0.030, respectively). In addition, we detected a number of genotype 6 sub-
types including the novel subtype 6xa, which was formerly assigned to 6u subtype [4]. We
noted that only one sample was discordant for the subtype but otherwise concordant for geno-
type (1b for Core and 1a for NS5B). Finally, frequency of subtype 2a was low, consistent with a
previous study [16].

Distribution patterns of HCV genotype in northern Thailand correlated with a hospital-
based study in Chiang Mai province that found genotype 3 was dominant, followed by

Fig 2. Distribution of HCV genotypes in Southeast Asian region compiled from published literatures. Pie charts indicate the genotypic distribution
found in each country. The genotype or subtype is indicated in a bracket, accompanied by the proportion in percentage [11–13, 17–20].

doi:10.1371/journal.pone.0126764.g002
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genotypes 1 and 6 [51]. Various new subtypes (6c, 6f, 6i, 6j, 6m, 6n, 6v and additional unas-
signed subtypes) were also identified in HCV-infected individuals from several locations in the
North (S5 Table) [24]. A prior study done in the Northeast demonstrated substantially higher
frequency of subtype 3a (76.5%) than that found in our cohort (39.4%), possibly due to provin-
cial differences since that study did not identify any subtype 3b (S5 Table) [52]. The higher rate
of HCV infection was generally observed among IVDU (70%) compared to methamphetamine
and inhalant drug users (12.0%-21.1%) in which most were infected with subtype 3a (73.1%)
linked to IVDU transmission [21,53,54]. In addition, evolutionary analysis suggests that sub-
type 3a found its way into industrialized countries via IVDU [3]. Although IVDUmay have
initially been responsible for the introduction of HCV into Thailand, viral spread was subse-
quently exacerbated by iatrogenic medical procedures and contamined blood supply [31]. Pat-
terns of HCV genotypes observed in the Central and the South were quite similar (subtype 3a,
1a, 1b or 3b and 6 variants), although the geographic distribution of genotype 6 differed among
the 4 regions (p = 0.040) and showed significantly lower frequency in the South than the North
(p = 0.027). We note that the distribution of HCV genotypes in southern Thailand was similar
to Malaysia in which genotype 3 was most prevalent followed by genotypes 1 and 6 [17].

At least 9 subtypes of HCV genotype 6 (6a, 6d, 6e, 6h, 6k, 6l, 6o, 6p and 6t) were reported in
Vietnam (S4 Table) [13]. In Laos, 7 subtypes are known to exist (6b, 6h, 6i, 6j, 6l, 6o and 6q),
while many more remained unclassified [12,36]. In Myanmar, at least 4 subtypes (6f, 6m, 6n
and 6xa) have been reported [30,33,55], while studies in Cambodia have identified at least 6
subtypes (6e, 6f, 6f, 6p, 6q, 6r, 6s) [5,14,34]. Moreover, novel subtypes (6v and 6xa) were first
isolated as unassigned subtypes from this region [55,56]. Genotype 6 is relatively uncommon
in Malaysia where only one whole genome of subtype 6n had been isolated in 2013 from an
IVDU individual with HIV/HCV co-infection [57]. Epidemiological evidence suggests that ge-
notype 6 has been prevalent in southern China and Hong Kong due to imported cases, which
then effectively spread among IVDU and the general population via blood transfusion [15,58–
60]. The high prevalence and genetic diversity therefore support the argument that genotype 6
may have long circulated or even originated in Southeast Asia [36].

The available data on the prevalence of HCV genotypes among Southeast Asian countries
suggest three general trends (Table 2). First, there is a preponderance of genotype 6 in the
lower mainland China and upper Southeast Asian countries, including Myanmar, Laos, Viet-
nam, Cambodia, and northern Thailand [11–14,59]. This genotype contributed roughly 20% to
50% in Myanmar depending on the studies [11,33]. The frequency was greater than 50% in
Vietnam and limited data showed highest rate in Laos [12,13]. One recent study also found
HCV genotype 6 dominant (54.5%) in the Cambodian population [14], comparable to the rate
of 56% found among Cambodian workers in Thailand [34].

Second, HCV genotype 3 appears to dominate the central plain of Thailand and the Malay
Peninsula (Table 2) [16,17]. Subtype 3a was frequent in the IVDU group; it has been suggested
that this subtype spread primarily via needle-sharing during the VietnamWar. It eventually
entered the general population and became endemic in Thailand through modern medicine
and blood transfusion [3,21,31]. Coincidently, genotype 3 is also common in the Indian sub-
continent including India, Pakistan and Nepal [61–63]. Whole genome sequencing of several
genotype 3 subtypes estimated that genotype 3 may have originated 780 years ago in Africa
and entered South Asia around 450 years ago by the Arabian slave traders [64]. Since then, this
genotype has circulated in India and diverged into several subtypes, including 3a which origi-
nated 99 years ago and disseminated to the United Kingdom and other European countries
[65]. Moreover, subtype 3a identified in Thailand is genetically similar to Indian isolates, per-
haps as a result of the long history of trade and migration between Thailand and the Indian
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subcontinent [31]. Further characterization of the whole genome of subtype 3a found in Thai-
land may confirm this hypothesis.

The third trend is the predominance of genotype 1 in Singapore and further south includ-
ing the islands of Indonesia and the Philippines (Table 2) [18–20]. Specifically, subtype 1a was
common in the Philippines while 1b was common in Singapore and Indonesia. The former ge-
notype has been associated with IVDU transmission, while the latter through blood transfu-
sion [3,53]. Genotype 1 is hypothesized to have originated in Africa [66]. Phylogenetic
analysis revealed ancestral sub-genotype 1 in West and Central Africa, whereas subtypes 1a
and 1b isolated in industrial countries had diverged from the African linage approximately
135 to 112 years ago [67]. This period coincided with the trans-Atlantic slave trade from Af-
rica to North America and Europe. Subtypes 1a and 1b further disseminated after World War
II through blood transfusion, iatrogenic procedure, and injection of drug stimulant or IVDU
[7,10,68]. Based on NS5B sequences of subtypes 1a and 1b isolated in different parts of the
world, phylogenetic analyses suggest that these subtypes had first diverged in developed coun-
tries and were subsequently introduced into developing countries [7]. Furthermore, phyloge-
netic tree in that study showed that subtype 1a isolated in the Philippines appeared to be
directly related to the U.S. strains.

There are several limitations in our study. The de-identified samples were conveniently ob-
tained from out-patient clinics and from the blood bank through blood donation. Clinical in-
formation therefore were not available to infer factors associated with the observed frequency
and types of HCV found in this study. Individuals from which the samples were obtained may
not be representative of the general population in Thailand. Due to the diversity in the lifestyle,
behavioral risk, healthcare, diet, and religion among residents of Southeast Asian countries, the
prevalence of different HCV genotypes and subtypes found may not be generalizable to other
parts of the world. Some countries in Southeast Asia lacked published studies on HCV. If stud-
ies were available, the population sampled may have been small, and as a result some genotypes
and subtypes may be underestimated or not represented. Nonetheless, our data provided valu-
able insight into the present burden of HCV infections in Thailand relative to other Southeast
Asian countries.

Despite the high diversity of HCV in Thailand and Southeast Asia, patterns of genotypic
distribution emerged. The impending economic integration of the Association of Southeast
Asian Nations in 2015, which would allow non-restricted travel among residents of the mem-
ber states and unprecedented free trade of goods and services similar to the establishment of
the European Union, may alter the future landscape of viral diseases in this region. Therefore,
this study may provide justifications for sound public health policy, including the surveillance
of transmission pattern in the future.

Supporting Information
S1 Table. Nucleotide sequences of primers used in this study.Nucleotide position numbering
of each primer was based on the reference strain H77 (GenBank accession number M62321).
(DOCX)

S2 Table. Age distribution of different HCV genotypes.
(DOCX)

S3 Table. The mean age for each HCV subtype identified in samples collected in Thailand.
Comparisons among the subtypes showed significant differences with 6f and are indicated by
the p-values.
(DOCX)

Distribution of HCV Genotype in Thailand and SEA

PLOSONE | DOI:10.1371/journal.pone.0126764 May 11, 2015 10 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126764.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126764.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126764.s003


S4 Table. Distribution of HCV genotypes and subtypes among 8 Southeast Asian countries.
This data was presented in the pie chart of Fig 2.
(DOCX)

S5 Table. Comparison of published HCV studies and this study on the prevalence of HCV
genotypes and subtypes in Thailand.
(DOCX)

S1 Fig. Phylogenetic tree based on the Core (left) and NS5B (right) sequences of samples
collected from northern Thailand. Black circles indicate reference genotypes with accession
numbers and genotypes.
(TIF)

S2 Fig. Phylogenetic tree based on Core (left) and NS5B (right) sequences of samples col-
lected from central Thailand. Black circles indicate reference genotypes with accession num-
bers and genotypes.
(TIF)

S3 Fig. Phylogenetic tree based on Core (left) and NS5B (right) sequences of samples col-
lected from northeastern Thailand. Black circles indicate reference genotypes with accession
numbers and genotypes.
(TIF)

S4 Fig. Phylogenetic tree based on Core (left) and NS5B (right) sequences of samples col-
lected from southern Thailand. Black circles indicate reference genotypes with accession
numbers and genotypes.
(TIF)

Acknowledgments
We would like to thank the staff of the Center of Excellence in Clinical Virology and Research
Unit of Hepatitis and Liver Cancer, Faculty of Medicine, Chulalongkorn University, for their
technical and administrative assistance.

Author Contributions
Conceived and designed the experiments: RW PT YP. Performed the experiments: RW. Ana-
lyzed the data: RW SV. Contributed reagents/materials/analysis tools: RW AT. Wrote the
paper: RW SV. Data and sample collection: NS CS PC KC PR SK AT.

References
1. WHO. 2014. Hepatitis C. http://www.who.int/mediacentre/factsheets/fs164/en/.

2. Hajarizadeh B, Grebely J, Dore GJ. Epidemiology and natural history of HCV infection. Nat Rev Gastro-
enterol Hepatol 2013; 10: 553–562. PMID: 23817321 doi: 10.1038/nrgastro.2013.107

3. Pybus OG, Cochrane A, Holmes EC, Simmonds P. The hepatitis C virus epidemic among injecting
drug users. Infect Genet Evol 2005; 5: 131–139. PMID: 15639745

4. Smith DB, Bukh J, Kuiken C, Muerhoff AS, Rice CM, Stapleton JT, et al. Expanded classification of hep-
atitis C virus into 7 genotypes and 67 subtypes: updated criteria and genotype assignment web re-
source. Hepatology 2014; 59: 318–327. PMID: 24115039 doi: 10.1002/hep.26744

5. Murphy DG,Willems B, Deschenes M, Hilzenrat N, Mousseau R, Sabbah S. Use of sequence analysis
of the NS5B region for routine genotyping of hepatitis C virus with reference to C/E1 and 5' untranslated
region sequences. J Clin Microbiol 2007; 45: 1102–1112. PMID: 17287328

6. Pawlotsky JM. Molecular diagnosis of viral hepatitis. Gastroenterology 2002; 122: 1554–1568. PMID:
12016423

Distribution of HCV Genotype in Thailand and SEA

PLOSONE | DOI:10.1371/journal.pone.0126764 May 11, 2015 11 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126764.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126764.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126764.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126764.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126764.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126764.s009
http://www.who.int/mediacentre/factsheets/fs164/en/
http://www.ncbi.nlm.nih.gov/pubmed/23817321
http://dx.doi.org/10.1038/nrgastro.2013.107
http://www.ncbi.nlm.nih.gov/pubmed/15639745
http://www.ncbi.nlm.nih.gov/pubmed/24115039
http://dx.doi.org/10.1002/hep.26744
http://www.ncbi.nlm.nih.gov/pubmed/17287328
http://www.ncbi.nlm.nih.gov/pubmed/12016423


7. Magiorkinis G, Magiorkinis E, Paraskevis D, Ho SY, Shapiro B, Pybus OG, et al. The global spread of
hepatitis C virus 1a and 1b: a phylodynamic and phylogeographic analysis. PLoS Med 2009; 6:
e1000198. PMID: 20041120 doi: 10.1371/journal.pmed.1000198

8. Pybus OG, Drummond AJ, Nakano T, Robertson BH, Rambaut A. The epidemiology and iatrogenic
transmission of hepatitis C virus in Egypt: a Bayesian coalescent approach. Mol Biol Evol 2003; 20:
381–387. PMID: 12644558

9. Tanaka Y, Hanada K, Orito E, Akahane Y, Chayama K, Yoshizawa H, et al. Molecular evolutionary
analyses implicate injection treatment for schistosomiasis in the initial hepatitis C epidemics in Japan.
J Hepatol 2005; 42: 47–53. PMID: 15629506

10. Messina JP, Humphreys I, Flaxman A, Brown A, Cooke GS, Pybus OG, et al. Global distribution and
prevalence of hepatitis C virus genotypes. Hepatology 2015; 61:77–87. PMID: 25069599 doi: 10.1002/
hep.27259

11. Lwin AA, Shinji T, Khin M, Win N, Obika M, Okada S, et al. Hepatitis C virus genotype distribution in
Myanmar: Predominance of genotype 6 and existence of new genotype 6 subtype. Hepatol Res 2007;
37: 337–345. PMID: 17441806

12. Hubschen JM, Jutavijittum P, Thammavong T, Samountry B, Yousukh A, Toriyama K, et al. High genetic
diversity including potential new subtypes of hepatitis C virus genotype 6 in Lao People's Democratic Re-
public. Clin Microbiol Infect 2011; 17: E30–34. PMID: 21958219 doi: 10.1111/j.1469-0691.2011.03665.x

13. Pham VH, Nguyen HD, Ho PT, Banh DV, Pham HL, Pham PH, et al. Very high prevalence of hepatitis
C virus genotype 6 variants in southern Vietnam: large-scale survey based on sequence determination.
Jpn J Infect Dis 2011; 64: 537–539. PMID: 22116339

14. Yamada H, Fujimoto M, Svay S, Lim O, Hok S, Goto N, et al. Seroprevalence, genotypic distribution
and potential risk factors of hepatitis B and C virus infections among adults in Siem Reap, Cambodia.
Hepatol Res 2014. doi: 10.1111/hepr.12367 PMID: 24905888

15. Rong X, Xu R, Xiong H, Wang M, Huang K, Chen Q, et al. Increased prevalence of hepatitis C virus
subtype 6a in China: a comparison between 2004–2007 and 2008–2011. Arch Virol 2014; 159: 3231–
3237. PMID: 25085624 doi: 10.1007/s00705-014-2185-1

16. Sunanchaikarn S, Theamboonlers A, Chongsrisawat V, Yoocharoen P, Tharmaphornpilas P, Warin-
sathien P, et al. Seroepidemiology and genotypes of hepatitis C virus in Thailand. Asian Pac J Allergy
Immunol 2007; 25: 175–182. PMID: 18035806

17. Hairul Aini H, Mustafa MI, Seman MR, Nasuruddin BA. Mixed-genotypes infections with hepatitis C
virus in hemodialysis subjects. Med J Malaysia 2012; 67: 199–203. PMID: 22822643

18. GreeneWK, Cheong MK, Ng V, Yap KW. Prevalence of hepatitis C virus sequence variants in South-
East Asia. J Gen Virol 1995; 76: 211–215. PMID: 7844535

19. Utama A, Tania NP, Dhenni R, Gani RA, Hasan I, Sanityoso A, et al. Genotype diversity of hepatitis C
virus (HCV) in HCV-associated liver disease patients in Indonesia. Liver Int 2010; 30: 1152–1160.
PMID: 20492518 doi: 10.1111/j.1478-3231.2010.02280.x

20. Kageyama S, Agdamag DM, Alesna ET, Abellanosa-Tac-An IP, Corpuz AC, Telan EF, et al. Tracking
the entry routes of hepatitis C virus as a surrogate of HIV in an HIV-low prevalence country, the Philip-
pines. J Med Virol 2009; 81: 1157–1162. PMID: 19475613 doi: 10.1002/jmv.21516

21. Verachai V, Phutiprawan T, Theamboonlers A, Chinchai T, Tanprasert S, Haagmans BL, et al. Preva-
lence and genotypes of hepatitis C virus infection among drug addicts and blood donors in Thailand.
Southeast Asian J Trop Med Public Health 2002; 33: 849–851. PMID: 12757237

22. Chimparlee N, Oota S, Phikulsod S, Tangkijvanich P, Poovorawan Y. Hepatitis B and hepatitis C virus
in Thai blood donors. Southeast Asian J Trop Med Public Health 2011; 42: 609–615. PMID: 21706939

23. Apichartpiyakul C, Apichartpiyakul N, Urwijitaroon Y, Gray J, Natpratan C, Katayama Y, et al. Seroprev-
alence and subtype distribution of hepatitis C virus among blood donors and intravenous drug users in
northern/northeastern Thailand. Jpn J Infect Dis 1999; 52: 121–123. PMID: 10507992

24. Jutavijittum P, Jiviriyawat Y, Yousukh A, Pantip C, Maneekarn N, Toriyama K. Genotypic distribution of
hepatitis C virus in voluntary blood donors of northern Thailand. Southeast Asian J Trop Med Public
Health 2009; 40: 471–479. PMID: 19842432

25. Kanistanon D, Neelamek M, Dharakul T, Songsivilai S. Genotypic distribution of hepatitis C virus in dif-
ferent regions of Thailand. J Clin Microbiol 1997; 35: 1772–1776. PMID: 9196191

26. Theamboonlers A, Chinchai T, Bedi K, Jantarasamee P, Sripontong M, Poovorawan Y. Molecular char-
acterization of Hepatitis C virus (HCV) core region in HCV-infected Thai blood donors. Acta Virol 2002;
46: 169–173. PMID: 12580379

27. Mellor J, Holmes EC, Jarvis LM, Yap PL, Simmonds P. Investigation of the pattern of hepatitis C virus
sequence diversity in different geographical regions: implications for virus classification. The Interna-
tional HCV Collaborative Study Group. J Gen Virol 1995; 76: 2493–2507. PMID: 7595353

Distribution of HCV Genotype in Thailand and SEA

PLOSONE | DOI:10.1371/journal.pone.0126764 May 11, 2015 12 / 14

http://www.ncbi.nlm.nih.gov/pubmed/20041120
http://dx.doi.org/10.1371/journal.pmed.1000198
http://www.ncbi.nlm.nih.gov/pubmed/12644558
http://www.ncbi.nlm.nih.gov/pubmed/15629506
http://www.ncbi.nlm.nih.gov/pubmed/25069599
http://dx.doi.org/10.1002/hep.27259
http://dx.doi.org/10.1002/hep.27259
http://www.ncbi.nlm.nih.gov/pubmed/17441806
http://www.ncbi.nlm.nih.gov/pubmed/21958219
http://dx.doi.org/10.1111/j.1469-0691.2011.03665.x
http://www.ncbi.nlm.nih.gov/pubmed/22116339
http://dx.doi.org/10.1111/hepr.12367
http://www.ncbi.nlm.nih.gov/pubmed/24905888
http://www.ncbi.nlm.nih.gov/pubmed/25085624
http://dx.doi.org/10.1007/s00705-014-2185-1
http://www.ncbi.nlm.nih.gov/pubmed/18035806
http://www.ncbi.nlm.nih.gov/pubmed/22822643
http://www.ncbi.nlm.nih.gov/pubmed/7844535
http://www.ncbi.nlm.nih.gov/pubmed/20492518
http://dx.doi.org/10.1111/j.1478-3231.2010.02280.x
http://www.ncbi.nlm.nih.gov/pubmed/19475613
http://dx.doi.org/10.1002/jmv.21516
http://www.ncbi.nlm.nih.gov/pubmed/12757237
http://www.ncbi.nlm.nih.gov/pubmed/21706939
http://www.ncbi.nlm.nih.gov/pubmed/10507992
http://www.ncbi.nlm.nih.gov/pubmed/19842432
http://www.ncbi.nlm.nih.gov/pubmed/9196191
http://www.ncbi.nlm.nih.gov/pubmed/12580379
http://www.ncbi.nlm.nih.gov/pubmed/7595353


28. Larkin MA, Blackshields G, Brown NP, Chenna R, McGettigan PA, McWilliam H, et al. Clustal W and
Clustal X version 2.0. Bioinformatics 2007; 23: 2947–2948. PMID: 17846036

29. Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. MEGA6: Molecular Evolutionary Genetics Anal-
ysis version 6.0. Mol Biol Evol 2013; 30: 2725–2729. PMID: 24132122 doi: 10.1093/molbev/mst197

30. Akkarathamrongsin S, Praianantathavorn K, Hacharoen N, Theamboonlers A, Tangkijvanich P, Ta-
naka Y, et al. Geographic distribution of hepatitis C virus genotype 6 subtypes in Thailand. J Med Virol
2010; 82: 257–262. PMID: 20029811 doi: 10.1002/jmv.21680

31. Akkarathamrongsin S, Hacharoen P, Tangkijvanich P, Theamboonlers A, Tanaka Y, Mizokami M, et al.
Molecular epidemiology and genetic history of hepatitis C virus subtype 3a infection in Thailand. Inter-
virology 2013; 56: 284–294. PMID: 23838334 doi: 10.1159/000351621

32. Nakai K, Win KM, Oo SS, Arakawa Y, Abe K. Molecular characteristic-based epidemiology of hepatitis
B, C, and E viruses and GB virus C/hepatitis G virus in Myanmar. J Clin Microbiol 2001; 39: 1536–
1539. PMID: 11283083

33. Shinji T, Kyaw YY, Gokan K, Tanaka Y, Ochi K, Kusano N, et al. Analysis of HCV genotypes from blood
donors shows three new HCV type 6 subgroups exist in Myanmar. Acta Med Okayama 2004; 58: 135–
142. PMID: 15471435

34. Akkarathamrongsin S, Praianantathavorn K, Hacharoen N, Theamboonlers A, Tangkijvanich P, Poo-
vorawan Y. Seroprevalence and Genotype of Hepatitis C Virus among Immigrant Workers from Cam-
bodia and Myanmar in Thailand. Intervirology 2011; 54: 10–16. PMID: 20689311 doi: 10.1159/
000318884

35. Mixson-Hayden T, Lee D, Ganova-Raeva L, Drobeniuc J, Stauffer WM, Teshale E, et al. Hepatitis B
virus and hepatitis C virus infections in United States-bound refugees from Asia and Africa. Am J Trop
Med Hyg 2014; 90: 1014–1020. PMID: 24732462 doi: 10.4269/ajtmh.14-0068

36. Pybus OG, Barnes E, Taggart R, Lemey P, Markov PV, Rasachak B, et al. Genetic history of hepatitis
C virus in East Asia. J Virol 2009; 83: 1071–1082. PMID: 18971279 doi: 10.1128/JVI.01501-08

37. Pham DA, Leuangwutiwong P, Jittmittraphap A, Luplertlop N, Bach HK, Akkarathamrongsin S, et al.
High prevalence of Hepatitis C virus genotype 6 in Vietnam. Asian Pac J Allergy Immunol 2009; 27:
153–160. PMID: 19839502

38. Tanimoto T, Nguyen HC, Ishizaki A, Chung PT, Hoang TT, Nguyen VT, et al. Multiple routes of hepatitis
C virus transmission among injection drug users in Hai Phong, Northern Vietnam. J Med Virol 2010;
82: 1355–1363. PMID: 20572071 doi: 10.1002/jmv.21787

39. Dunford L, Carr MJ, Dean J, Waters A, Nguyen LT, Ta Thi TH, et al. Hepatitis C virus in Vietnam: high
prevalence of infection in dialysis and multi-transfused patients involving diverse and novel virus vari-
ants. PLoS One 2012; 7: e41266. PMID: 22916104 doi: 10.1371/journal.pone.0041266

40. Do SH, Yamada H, Fujimoto M, Ohisa M, Matsuo J, Akita T, et al. High prevalences of hepatitis B and
C virus infections among adults living in Binh Thuan province, Vietnam. Hepatol Res 2014. doi: 10.
1111/hepr.12350 PMID: 24799322

41. Li C, Yuan M, Lu L, Lu T, Xia W, Pham VH, et al. The genetic diversity and evolutionary history of hepa-
titis C virus in Vietnam. Virology 2014; 468–470: 197–206. PMID: 25193655

42. Mohamed NA, Zainol Rashid Z, Wong KK, S AA, Rahman MM. Hepatitis C genotype and associated
risks factors of patients at University Kebangsaan Malaysia Medical Centre. Pak J Med Sci 2013; 29:
1142–1146. PMID: 24353708

43. Mohamed NA, Rashid ZZ, Wong KK. Hepatitis C virus genotyping methods: evaluation of AmpliSens
((R)) HCV-1/2/3-FRT compared to sequencing method. J Clin Lab Anal 2014; 28: 224–228. PMID:
24478138 doi: 10.1002/jcla.21670

44. NgWC, Guan R, Tan MF, Seet BL, Lim CA, Ngiam CM, et al. Hepatitis C virus genotypes in Singapore
and Indonesia. J Viral Hepat 1995; 2: 203–209. PMID: 7489348

45. Inoue Y, Sulaiman HA, Matsubayashi K, Julitasari, Iinuma K, Ansari A, et al. Genotypic analysis of hep-
atitis C virus in blood donors in Indonesia. Am J Trop Med Hyg 2000; 62: 92–98. PMID: 10761731

46. Utama A, Budiarto BR, Monasari D, Octavia TI, Chandra IS, Gani RA, et al. Hepatitis C virus genotype
in blood donors and associated liver disease in Indonesia. Intervirology 2008; 51: 410–416. PMID:
19258720 doi: 10.1159/000205515

47. Anggorowati N, Yano Y, Heriyanto DS, Rinonce HT, Utsumi T, Mulya DP, et al. Clinical and virological
characteristics of hepatitis B or C virus co-infection with HIV in Indonesian patients. J Med Virol 2012;
84: 857–865. PMID: 22499006 doi: 10.1002/jmv.23293

48. Prasetyo AA, Dirgahayu P, Sari Y, Hudiyono H, Kageyama S. Molecular epidemiology of HIV, HBV,
HCV, and HTLV-1/2 in drug abuser inmates in central Javan prisons, Indonesia. J Infect Dev Ctries
2013; 7: 453–467. PMID: 23771289 doi: 10.3855/jidc.2965

Distribution of HCV Genotype in Thailand and SEA

PLOSONE | DOI:10.1371/journal.pone.0126764 May 11, 2015 13 / 14

http://www.ncbi.nlm.nih.gov/pubmed/17846036
http://www.ncbi.nlm.nih.gov/pubmed/24132122
http://dx.doi.org/10.1093/molbev/mst197
http://www.ncbi.nlm.nih.gov/pubmed/20029811
http://dx.doi.org/10.1002/jmv.21680
http://www.ncbi.nlm.nih.gov/pubmed/23838334
http://dx.doi.org/10.1159/000351621
http://www.ncbi.nlm.nih.gov/pubmed/11283083
http://www.ncbi.nlm.nih.gov/pubmed/15471435
http://www.ncbi.nlm.nih.gov/pubmed/20689311
http://dx.doi.org/10.1159/000318884
http://dx.doi.org/10.1159/000318884
http://www.ncbi.nlm.nih.gov/pubmed/24732462
http://dx.doi.org/10.4269/ajtmh.14-0068
http://www.ncbi.nlm.nih.gov/pubmed/18971279
http://dx.doi.org/10.1128/JVI.01501-08
http://www.ncbi.nlm.nih.gov/pubmed/19839502
http://www.ncbi.nlm.nih.gov/pubmed/20572071
http://dx.doi.org/10.1002/jmv.21787
http://www.ncbi.nlm.nih.gov/pubmed/22916104
http://dx.doi.org/10.1371/journal.pone.0041266
http://dx.doi.org/10.1111/hepr.12350
http://dx.doi.org/10.1111/hepr.12350
http://www.ncbi.nlm.nih.gov/pubmed/24799322
http://www.ncbi.nlm.nih.gov/pubmed/25193655
http://www.ncbi.nlm.nih.gov/pubmed/24353708
http://www.ncbi.nlm.nih.gov/pubmed/24478138
http://dx.doi.org/10.1002/jcla.21670
http://www.ncbi.nlm.nih.gov/pubmed/7489348
http://www.ncbi.nlm.nih.gov/pubmed/10761731
http://www.ncbi.nlm.nih.gov/pubmed/19258720
http://dx.doi.org/10.1159/000205515
http://www.ncbi.nlm.nih.gov/pubmed/22499006
http://dx.doi.org/10.1002/jmv.23293
http://www.ncbi.nlm.nih.gov/pubmed/23771289
http://dx.doi.org/10.3855/jidc.2965


49. Juniastuti, Utsumi T, Nasronudin, Alimsardjono L, Amin M, Adianti M, et al. High rate of seronegative
HCV infection in HIV-positive patients. Biomed Rep 2014; 2: 79–84. PMID: 24649073

50. Agdamag DM, Kageyama S, Alesna ET, Solante RM, Leano PS, Heredia AM, et al. Rapid spread of
hepatitis C virus among injecting-drug users in the Philippines: Implications for HIV epidemics. J Med
Virol 2005; 77: 221–226. PMID: 16121359

51. Kumthip K, Chusri P, Pantip C, Thongsawat S, O'Brien A, Nelson KE, et al. Hepatitis C virus genotypes
circulating in patients with chronic hepatitis C in Thailand and their responses to combined PEG-IFN
and RBV therapy. J Med Virol 2014; 86: 1360–1365. PMID: 24777626 doi: 10.1002/jmv.23962

52. Barusrux S, Sengthong C, Urwijitaroon Y. Epidemiology of hepatitis C virus genotypes in northeastern
Thai blood samples. Asian Pac J Cancer Prev 2014; 15: 8837–8842. PMID: 25374216

53. Cochrane A, Searle B, Hardie A, Robertson R, Delahooke T, Cameron S, et al. A genetic analysis of
hepatitis C virus transmission between injection drug users. J Infect Dis 2002; 186: 1212–1221. PMID:
12402190

54. Simmonds P. Genetic diversity and evolution of hepatitis C virus—15 years on. J Gen Virol 2004; 85:
3173–3188. PMID: 15483230

55. Xia X, ZhaoW, Tee KK, Feng Y, Takebe Y, Li Q, et al. Complete genome sequencing and phylogenetic
analysis of HCV isolates from China reveals a new subtype, designated 6u. J Med Virol 2008; 80:
1740–1746. PMID: 18712831 doi: 10.1002/jmv.21287

56. Wang Y, Xia X, Li C, Maneekarn N, Xia W, ZhaoW, et al. A new HCV genotype 6 subtype designated
6v was confirmed with three complete genome sequences. J Clin Virol 2009; 44: 195–199. PMID:
19179105 doi: 10.1016/j.jcv.2008.12.009

57. Ng KT, Lee YM, Al-Darraji HA, Xia X, Takebe Y, Chan KG, et al. Genome sequence of the hepatitis C
virus subtype 6n isolated fromMalaysia. Genome Announc 2013; 1: e00168–12. doi: 10.1128/
genomeA.00168-12 PMID: 23409272

58. Zhou X, Chan PK, Tam JS, Tang JW. A possible geographic origin of endemic hepatitis C virus 6a in
Hong Kong: evidences for the association with Vietnamese immigration. PLoS One 2011; 6: e24889.
PMID: 21931867 doi: 10.1371/journal.pone.0024889

59. Zhang Z, Yao Y, WuW, Feng R, Wu Z, CunW, et al. Hepatitis C virus genotype diversity among intra-
venous drug users in Yunnan Province, Southwestern China. PLoS One 2013; 8: e82598. PMID:
24358211 doi: 10.1371/journal.pone.0082598

60. Fu Y, Qin W, Cao H, Xu R, Tan Y, Lu T, et al. HCV 6a prevalence in Guangdong province had the origin
from Vietnam and recent dissemination to other regions of China: phylogeographic analyses. PLoS
One 2012; 7: e28006. PMID: 22253686 doi: 10.1371/journal.pone.0028006

61. Narahari S, Juwle A, Basak S, Saranath D. Prevalence and geographic distribution of Hepatitis C Virus
genotypes in Indian patient cohort. Infect Genet Evol 2009; 9: 643–645. PMID: 19460332 doi: 10.1016/
j.meegid.2009.04.001

62. Khan A, Tanaka Y, Azam Z, Abbas Z, Kurbanov F, Saleem U, et al. Epidemic spread of hepatitis C
virus genotype 3a and relation to high incidence of hepatocellular carcinoma in Pakistan. J Med Virol
2009; 81: 1189–1197. PMID: 19475617 doi: 10.1002/jmv.21466

63. Tokita H, Shrestha SM, Okamoto H, Sakamoto M, Horikita M, Iizuka H, et al. Hepatitis C virus variants
from Nepal with novel genotypes and their classification into the third major group. J Gen Virol 1994;
75: 931–936. PMID: 8151307

64. Li C, Lu L, Murphy DG, Negro F, Okamoto H. Origin of hepatitis C virus genotype 3 in Africa as estimat-
ed through an evolutionary analysis of the full-length genomes of nine subtypes, including the newly se-
quenced 3d and 3e. J Gen Virol 2014; 95: 1677–1688. PMID: 24795446 doi: 10.1099/vir.0.065128-0

65. Choudhary MC, Natarajan V, Pandey P, Gupta E, Sharma S, Tripathi R, et al. Identification of Indian
sub-continent as hotspot for HCV genotype 3a origin by Bayesian evolutionary reconstruction. Infect
Genet Evol 2014; 28: 87–94. PMID: 25224661 doi: 10.1016/j.meegid.2014.09.009

66. Simmonds P, Bukh J, Combet C, Deleage G, Enomoto N, Feinstone S, et al. Consensus proposals for
a unified system of nomenclature of hepatitis C virus genotypes. Hepatology 2005; 42: 962–973.
PMID: 16149085

67. Lu L, Li C, Xu Y, Murphy DG. Full-length genomes of 16 hepatitis C virus genotype 1 isolates represent-
ing subtypes 1c, 1d, 1e, 1g, 1h, 1i, 1j and 1k, and two new subtypes 1m and 1n, and four unclassified
variants reveal ancestral relationships among subtypes. J Gen Virol 2014; 95: 1479–1487. PMID:
24718832 doi: 10.1099/vir.0.064980-0

68. Gower E, Estes C, Blach S, Razavi-Shearer K, Razavi H. Global epidemiology and genotype distribu-
tion of the hepatitis C virus infection. J Hepatol 2014; 61: S45–S57. PMID: 25086286 doi: 10.1016/j.
jhep.2014.07.027

Distribution of HCV Genotype in Thailand and SEA

PLOSONE | DOI:10.1371/journal.pone.0126764 May 11, 2015 14 / 14

http://www.ncbi.nlm.nih.gov/pubmed/24649073
http://www.ncbi.nlm.nih.gov/pubmed/16121359
http://www.ncbi.nlm.nih.gov/pubmed/24777626
http://dx.doi.org/10.1002/jmv.23962
http://www.ncbi.nlm.nih.gov/pubmed/25374216
http://www.ncbi.nlm.nih.gov/pubmed/12402190
http://www.ncbi.nlm.nih.gov/pubmed/15483230
http://www.ncbi.nlm.nih.gov/pubmed/18712831
http://dx.doi.org/10.1002/jmv.21287
http://www.ncbi.nlm.nih.gov/pubmed/19179105
http://dx.doi.org/10.1016/j.jcv.2008.12.009
http://dx.doi.org/10.1128/genomeA.00168-12
http://dx.doi.org/10.1128/genomeA.00168-12
http://www.ncbi.nlm.nih.gov/pubmed/23409272
http://www.ncbi.nlm.nih.gov/pubmed/21931867
http://dx.doi.org/10.1371/journal.pone.0024889
http://www.ncbi.nlm.nih.gov/pubmed/24358211
http://dx.doi.org/10.1371/journal.pone.0082598
http://www.ncbi.nlm.nih.gov/pubmed/22253686
http://dx.doi.org/10.1371/journal.pone.0028006
http://www.ncbi.nlm.nih.gov/pubmed/19460332
http://dx.doi.org/10.1016/j.meegid.2009.04.001
http://dx.doi.org/10.1016/j.meegid.2009.04.001
http://www.ncbi.nlm.nih.gov/pubmed/19475617
http://dx.doi.org/10.1002/jmv.21466
http://www.ncbi.nlm.nih.gov/pubmed/8151307
http://www.ncbi.nlm.nih.gov/pubmed/24795446
http://dx.doi.org/10.1099/vir.0.065128-0
http://www.ncbi.nlm.nih.gov/pubmed/25224661
http://dx.doi.org/10.1016/j.meegid.2014.09.009
http://www.ncbi.nlm.nih.gov/pubmed/16149085
http://www.ncbi.nlm.nih.gov/pubmed/24718832
http://dx.doi.org/10.1099/vir.0.064980-0
http://www.ncbi.nlm.nih.gov/pubmed/25086286
http://dx.doi.org/10.1016/j.jhep.2014.07.027
http://dx.doi.org/10.1016/j.jhep.2014.07.027

