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Abstract
Introduction: Sexual acquisition has emerged as a transmission route for hepatitis C virus (HCV) of growing importance
among human immunodeficiency virus (HIV)-positive populations. In Western countries, HCV epidemics have been increasingly
detected among men who have sex with men (MSM). This review describes the molecular epidemiology of sexually acquired
HCV infection in the Asia-Pacific region.
Methods: A systematic search was performed on PubMed in March 2019. Either abstract or full-text of each publication in
the search results was screened for eligibility. Studies from different countries/cities involving eligible cases, who acquired
HCV sexually with identified subtype, were synthesized for the evaluation of molecular epidemiology in the Asia-Pacific region.
Two large-scale systematic reviews on the genotype distribution of HCV at a population level and among PWID were used as
references for comparison.
Results and discussion: Overall, 13 full-text articles with 549 subjects originating from nine countries/cities were reviewed. A
total of five genotypes and 14 subtypes were identified, dominated by subtypes 1b (23.0%), 2a (19.1%) and 3a (29.5%). A
majority of the infected cases occurred in HIV-positive MSM. In some places, notably Hong Kong, India and Indonesia, the predominant subtype in sexually acquired HCV infection in MSM was different from that circulating in the general population.
Shared transmission networks between people who inject drugs (PWID) and MSM were shown in Australia and New Zealand,
whereas overlapping risk elicited from a small number of subjects existed in Tokyo, Taipei and Guangxi. MSM-specific clusters
were identified in Hong Kong, Taipei and Hubei.
Conclusions: The distribution of sexually acquired HCV was sparsely scattered across countries/cities in the Asia-Pacific
region. The threat of overlapping risk differed by locations, whereas transnational outbreaks remained uncommon. The paucity
of information has hindered progress with comprehensive assessment in the Asia-Pacific region, where seroprevalence of HCV
among HIV-positive MSM was relatively high.
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1 | INTRODUCTION
Hepatitis C virus (HCV), an enveloped RNA virus, is a leading
cause of chronic hepatitis, cirrhosis and liver cancer [1]. In
2015, the global prevalence of chronic HCV infection was
about 1%, affecting an equivalent of 71 million people, and
with an estimated incidence of 1.75 million annually [2]. HCV
is primarily transmitted through bloodborne contacts, notably
transfusion of contaminated blood or blood products, healthcare exposure to contaminated medical equipment and shared
use of syringe among people who inject drugs (PWID) [3]. In
the last decade, accumulating cases of sexually acquired HCV

infection suggested that high-risk sexual behaviour has
emerged to be a risk factor of increasing importance [4,5].
In a European study, a rapid upsurge of HCV incidence
among human immunodeficiency virus (HIV)-positive men who
have sex with men (MSM) was observed, from 0.09 per 100
person-years in 1990 to 2.34 per 100 person-years in 2007
[6]. Epidemiologically HCV is a common co-infection in HIVpositive persons as the two infections share a similar route of
transmission. HIV-associated immunodeficiency increases the
susceptibility of the host to HCV entry and contributes to the
subsequent failure of virus clearance [7]. Among MSM,
engagement in unprotected anal intercourse has increased the
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risk of virus transmission [8]. The synergy of biological and
behavioural risk factor has predisposed HIV-positive MSM to
an increased susceptibility to HCV infection.
One important cause of HCV epidemics was the widespread virus transmission in PWID. With the emergence of
sexual transmission, the overlapping risk of drug injection and
male-to-male sex has likely contributed to the rising prevalence of HCV infection among MSM, posing challenges to the
development of public health intervention to achieve HCV
elimination. Furthermore, extensive cross-border transmission
networks of HCV had also been uncovered in 2009 within
HIV-infected MSM in the Western countries, including the
United Kingdom, the Netherlands and Germany [9]. The infection risks brought on by the complex mode of sex networking
could lead to an exponential growth of the HCV epidemics in
the community.
To date, seven genotypes, 67 confirmed and 20 provisionally assigned subtypes of HCV have been identified globally
[10]. The continued discovery of different yet closely related
variants over a short period and in diverse locations provided
evidence to the phenomenon of fast-paced virus evolution
[11]. The molecular epidemiological pattern, coupled with the
overlapping modes of virus transmission, suggested that the
control of HCV transmission has continued to be a global
challenge [11]. In the Asia-Pacific region, information on the
genetic characteristics of sexually acquired HCV is notably
lacking as compared to its Western counterparts [9]. Moreover, the situation of overlapping risk and extent of HCV
transmission network is yet to be systematically evaluated in
this region. Against these backgrounds, this review was conducted for enhancing the understanding of molecular epidemiology of sexually acquired HCV infection in the Asia-Pacific
region to inform effective public health responses towards the
elimination of the virus.

2 | METHODS
A systematic search was performed on PubMed in March
2019. Search strategies included the inclusion of either “hepatitis C” or “HCV” in the title or abstract of a study, and in
the search terms of “sexually acquired”, “men who have sex
with men”, “genotype”, “phylogenetic”, “epidemiology” and their
synonyms (Appendix S1). For a study to be included in this
review, it must be either a cross-sectional, cohort study or
case series that has examined a representative set of samples,
available in full-text, written in English and conducted in one
or more territories in the Asia-Pacific region aligned with the
definition advised by Organisation for Economic Co-operation
and Development (OECD) [12]. Because of the small number
of molecular epidemiological studies on sexually acquired HCV
infection, no restriction on the minimum sample size of study
was imposed. Studies intentionally targeting a single genotype
of HCV as research interest were excluded. PRISMA checklist
was used to guide the flow of the review.
In this review, an eligible case was defined as a subject who
was determined to have acquired HCV through sexual contact
with an identifiable molecular subtype. Abstracts of all search
results were first screened, followed by selection of studies
containing eligible cases. Bibliographic reference lists of the

included studies were then examined for expanding the coverage of relevant literature. For samples suspected of duplicated
recruitment in multiple studies, the study with a larger number of eligible cases was retained. Characteristics of each
included study were first described, including the following
variables: study design, location of the study conducted, study
period, source of data, study population, genomic region for
sequencing, number of HCV-viraemic and eligible samples,
with HIV prevalence among the latter. The genetic profile in
each study was then collated with sorting by country and city,
followed by tabulation of the regional genotype distribution of
HCV. Crude prevalence of each HCV genotype in the region
was hence computed by summation of that in respective studies. Phylogenetic analysis performed within each included
study, if available, was evaluated for the identification of
shared HCV transmission network with PWID, the latter
referring to those whose mode of HCV acquisition was determined by clinician/researcher to be drug injection. The presence of both cross-border and intercity spread of HCV in the
Asia-Pacific region was also examined.
Following the systematic search, a further search on articles
summarizing the prevalence of HCV genotypes in the general
population and PWID in the Asia-Pacific region was carried
out. Search terms comprised “hepatitis C”, “genotype distribution”, “global”, with and without “PWID”, and their synonyms.
One large-scale study each for the general population and
PWID with the most updated estimates and covering the
investigated locations for sexual HCV transmission were
selected. The HCV genotype distribution of these two populations in the respective countries/cities was then extracted for
comparison with our main results as regards sexually transmitted HCV in the Asia-Pacific region.

3 | RESULTS
3.1 | Selection of studies and study characteristics
Overall, 275 original articles examining the molecular epidemiology of sexually acquired HCV in the Asia-Pacific region were
identified, 33 full-text of which were reviewed. Detail of the
search results is shown in the flowchart (Figure 1). In total,
13 articles published from 2010 to 2019 were included, comprising 12 cross-sectional studies and one cohort study [1325]. Among them, two were multi-centre and 11 were citybased. The studies, all of which recruiting participants in the
period of 1994 to 2016, originated from nine countries/cities,
namely Australia, New Zealand, China, Hong Kong, India,
Indonesia, Japan, Pakistan and Taiwan. Of 3211 HCV-viraemic
subjects in these 13 studies, 549 samples came from individuals who acquired HCV through sexual contact (including 18
through injection drug use in the presence of male-to-male
sex), with detectable subtype identified. Of these subjects, at
least 75.8% were HIV-positive (Table 1).
As a reference on the genotype distribution of HCV in the
general population, results of a study in 2015 which systematically reviewed 11 342 articles covering HCV genotype
data of 115 countries were used for comparison [26]. As for
PWID, another systematic review published in 2016 with
genotype data from 48 studies worldwide was employed
[27].
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Figure 1. Flowchart for the selection of studies

3.2 | Genotypic characteristics of sexually acquired
HCV across the Asia-Pacific region
Overall, the sexually acquired HCV in the 549 subjects evaluated belonged to five genotypes (genotypes 1, 2, 3, 4 and 6)
and 14 subtypes (subtypes 1a, 1b, 1c, 2a, 2b, 2c, 3a, 3b, 3k,
4a, 4b, 6a, 6n and 6u). Genotypes 1 (35.7%), 2 (20.4%) and 3
(32.6%) accounted for 88.7% of all cases, whereas subtypes
1b, 2a and 3a, respectively, made up 23.0%, 19.1% and 29.5%
(Table 2). Other than the predominance of genotype 2 in Taipei, Hubei and Guangxi, genotype 1 or 3 was more common
in all other countries/cities [15,17,20,25]. Genetic diversity
was noted with at least three variants recorded in each country/city, except for Surabaya, where all sequences therein
belonged to only two subtypes (1b and 3k respectively) [22].
The prevalent genotypes of sexually acquired HCV were similar to those in the general population in Australia and New
Zealand [13], China [14-19], Japan [23], Pakistan [24] and Taiwan [20,25,26] (Table 3).

3.3 | Overlapping risk profile of HCV infection
Of the 13 studies included in this review, six (46.2%) involved
phylogenetic analysis in the design [13,15,17,20,23,25]. In
these studies, the pattern of association between reported
sexual risk and injection behaviours with HCV transmission
differed among the places. Overlapping risk profile was shown
in four out of nine countries/cities, whereas shared transmission networks between the two risk groups were phylogenetically confirmed only in the Australian-New Zealand [13] study,
as summarized in the following paragraphs.
In a multi-centre study conducted in Australia and New
Zealand during 2004 to 2015 on 237 subjects, some 41%
(n = 97) acquired HCV through sexual contact while 51%
(n = 121) through injection drug use [13]. Notably a total of
46% were in dyads or clusters. Three within-group (2 sexual
clusters: subtype 1a & 3a and 1 PWID cluster: subtype 1a)
and 10 intergroup clusters (7 and 3 of subtype 1a and 3a
respectively) were identified [13]. These clusters were largely
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dominated by HIV-positive individuals, with at least one druginjecting MSM in each intergroup cluster [13]. Of note, some
70% of all subjects gave injection history. Those who acquired
HCV through drug injection and coinfected with HIV also
reported male-to-male sex [13]. The observed pattern suggested the presence of shared networks between MSM and
PWID that had facilitated HCV transmission in Australia [13].
In a study conducted in Tokyo during 1997 to 2015, a cluster of subtype 1b comprising 13 MSM, 10 PWID and 1
heterosexual, and another of subtype 2a involving 2 MSM and
3 PWID were identified in the HIV-positive population [23].
Noting that 16 out of these 29 clustered subjects were diagnosed with HCV after 2010, an ongoing and active transmission between MSM and PWID was implied [23].
In Taipei, two phylogenetic studies were conducted in consecutive periods in the HIV-positive population. In 1994 to
2010, a retrospective cohort with no participants reporting a
history of injection drug use revealed three pairs and four
clusters inside subtypes 1b, 2a and 3a among 17 MSM and 1
heterosexual seroconverters, indicating a restricted network
within HIV-positive MSM [25]. In 2010 to 2016, another
study reported the existence of two clusters of subtype 1b
consisting of 14 HIV-positive MSM and four suspected PWID
[20]. An MSM-specific cluster of subtype 6a was also
recorded [20].
A study in Guangxi also put forward similar patterns of
overlapping risk profile, despite unknown sex and sexual orientation of the HIV-positive participants [15]. Inclusive of 3
reporting drug injection history, HCV sequences of 16 subjects with suspected sexually acquired HCV were mixed with
29 PWID in four clades of subtypes, which were subtypes 1a,
1b, 3b and 6a [15]. Although the bootstrap value was not
available to validate the phylogenetic clustering between the
two high-risk groups, their intersection within HCV transmission network was inferred from the results [15].
By comparing the prevailing HCV variants between PWID
and individuals who acquired the infection sexually, the same
subtypes were only identified in Australia [13,27]. Some similarities were also noted in India (subtype 1a) [21], Indonesia
(genotype 3) [22], Japan (genotype 2) [23] and Pakistan (genotype 3) [24,27] (Table 3).
In the remaining studies, HIV-positive MSM-specific HCV
clusters were exclusively observed, indicating the absence of a
shared network with PWID. In Hong Kong, a large monophyletic cluster of subtype 3a (n = 36) was identified in 2010
to 2016 [20]. In Hubei, a cluster of subtype 2a (n = 4) was
also identified in 2007 to 2010 [17]. In the small study conducted among transgender women (n = 6) in Surabaya, subtype 3k was deduced to be a unique variant for sexually
acquired HCV in Indonesia [22].

3.4 | Intercity and cross-border transmission of
sexually acquired HCV
Only three articles had proposed possible intercity and crossborder transmission of sexually acquired HCV, based on the
analyses of a small number of samples. Five intercity clusters
were described in Australia (4 and 1 of subtype 1a and 3a
respectively), each involving only three to eight sequences
from Brisbane, Melbourne, Perth and Sydney [13]. Intercity
transmission was also suggested in China, where two

sequences of subtype 2a from Hubei were shown to cluster
with another two from Guangdong [17]. An incident of crossborder transmission was speculated when a sequence from
Taipei was identified within a large cluster of subtype 3a
among MSM in Hong Kong [20].

4 | DISCUSSION
This is the first review that has synthesized the current
molecular epidemiology of sexually acquired HCV infection in
the Asia-Pacific region. To date, more information has come to
light and confirmed the role of sexual contact as one of the
major transmission routes of HCV, as well as the existence of
transmission networks formed among HIV-positive MSM [4,7].
As revealed from the clustering patterns, local HCV networks
seeded by single and multiple sources were both observed
and differed by locations. A unique dominant subtype circulating among MSM existed in Hong Kong (subtype 3a) [20], India
(subtype 1a) [21] and Indonesia (subtype 3k among transgender women) [22,26]. Probably due to founder effect, the
founding MSM in these places might have isolated from the
large infected population and established a new gene pool,
echoing the HCV-4d outbreaks among MSM in Europe [2931], where genotype 1 was predominant [9,32]. Elsewhere in
the Asia-Pacific, the genotypes harboured among those who
acquired HCV through sexual contacts appeared to be a replicated subset of that circulating in the general population.
In the assessment of the overlapping risk of MSM and
PWID in the Asia-Pacific region, two different patterns were
observed. In Australia and New Zealand, the extensive co-clustering of HCV between MSM and PWID concurred with the
results of another study conducted in 2009, which identified
two intergroup clusters within the domestic transmission network in Australia [9,13]. Considering the substantial overlap
between the two risk groups, a majority of the clustered individuals in both studies had acquired HCV probably through
“slamming”, the term referring to sexualized use of recreational drugs (chemsex) by injection among MSM in recent
years [33,34]. Similar to the setting of HIV epidemics, drug-injecting MSM appeared to constitute the overlapping risk profile of HCV [35]. This was further supported by the similar set
of prevalent genotypes among MSM and PWID in Australia
and New Zealand [13,27]. On the other hand, limited co-clustering of MSM and PWID was identified in Taipei [25] and
Tokyo [23], and the coexistence of the same clade was noted
in Guangxi [15]. Given the disclosure of both risk behaviours
by a small proportion of clustered individuals in these
reported studies, HCV might have spilled-over from PWID to
MSM or vice versa. These putative and limited intergroup networks could have been derived in the presence of a small
number of drug-injecting MSM instead of non-MSM PWID.
However, the limited availability of published research did not
allow us to conclude definitively the occurrence of any intergroup spread in countries/cities outside Australia and New
Zealand. Similar to Europe where there were dissimilar subsets of leading HCV subtypes between MSM and PWID (subtype 1a & 4d for MSM versus genotype 3 for PWID) [9,27],
distinctive sexual transmission networks were also seen in
locations in the Asia-Pacific like China [14-19] and Hong Kong
[20,28]. In perspective, evidence suggests the existence of the
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Table 3. The two most dominant HCV subtypes in the general population, among individuals who acquired HCV through sexual
contact and drug injection
Individuals through
General populationa [26]

Individuals through sexual contact

drug injectionb [27]

Genotype (%)

N

N

3 (42.2%), 1a (18.5%)

111

Viraemic
Country/

prevalence, %

city

(95% CI)

Australia

1.0 (0.7–1.0)

230 (178–244)

Zealand

1.0 (0.6–1.3)

Viraemic population,
1000s (95% CI)

Genotype (%)
1a (64.2%), 3a (35.8%) [13]

134

Genotype (%)
3 (36.2%), 1a
(29.0%)

New
/

48 (30–62)

1a

(44.0%), 3
(35.0%)

Data not
available
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0.7 (0.5–0.8)

Hong

0.2 (0.1–0.3)

9795 (6675–10832)

1b (56.8%), 2 (15.4%)

86

1b (40.9%), 2a (17.2%) [14-19]

126

6 (42.1%), 3

1b (62.4%), 6 (27.4%)

40

3a (79.5%), 1a (11.4%) [20]

273

6a (52.4%), 1b

3 (64.1%), 1b (16.1%)

15

1a (40.0%), 4a (33.3%) [21]
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3 (54.7%), 1a
(15.1%)/1b
1a (46.6%), 3

(38.1%)
15 (6–22)

Kong

(38.5%) [28]

India

0.5 (0.4–0.8)

6245 (4748–10957)

Indonesia
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1289 (443–2046)

1b (39.0%), 1a (25.6%)

6

3k (66.7%), 1b (33.3%) [22]

30
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0.7 (0.3–0.8)

857 (364–1024)

1b (64.8%), 2 (34.2%)

64

1b (76.6%), 2a (10.9%) [23]

9

Pakistan

3.8 (2.8–3.9)

7172 (5363–7487)

3 (79.0%), 1a (4.8%)

78

3a (67.9%), 1a (17.9%) [24]

28

2 (35.7%), 3

Taiwan

2.1 (1.3–3.7)

489 (310–877)

1b (45.5%), 2 (39.5%)

149

243

1a (29.2%), 6
(28.0%)

(15.1%)
(26.6%)
2 (100%)
(28.6%)
2a (54.4%), 1b (27.5%) [20,25]

a

Extracted from Global prevalence and genotype distribution of hepatitis C virus infection in 2015: a modelling study, Lancet Gastroenterol Hepatol,
b
2(3), Polaris Observatory HCV Collaborators, 161-176, Copyright (2017), with permission from Elsevier[26]; extracted from Global genotype distribution of hepatitis C viral infection among people who inject drugs, J Hepatol, 65(6), Robaeys G, Bielen R, Azar DG, Razavi H, Nevens F, 10941103, Copyright (2016), with permission from Elsevier [27].

widespread overlapping risk of HCV in Australia and New
Zealand but not in Asian countries. Interpretation of HCV
molecular epidemiology is, however, made more difficult by
the co-existence of two different transmission routes, which
are male-to-male sex and drug injection. Since the two populations, MSM and PWID, are not mutually exclusive, it might be
hard to dichotomize study participants for comparison if they
reported both risk behaviours. Nevertheless, identification on
transmission pattern between properly defined PWID and
MSM should be strengthened, considering the presence of
PWID-dominant subtype 6a cluster among MSM in Taipei
[20], and the mounting dual risk among transgender populations in South Asia [36].
In comparison to Europe where transnational epidemics of
sexually acquired HCV were detected, the molecular epidemiology in the Asia-Pacific region does not show signs of the
parallel existence of an international outbreak [9,37]. By contrasting the genotype profiles of different countries/cities in
our review, the high degree of heterogeneity of the leading
subtypes, including subtype 1a, 1b, 2a, 3a and 3k, indicated
the generally discrete pattern of local transmission of HCV
with little spread between territories. The diversity, that sharply contrasted the shared genotypes across European

territories, could be the results of the geographical separation
between countries in the Asia-Pacific region, as well as the
relatively low connectedness among Asian communities
[9,37,38]. The molecular evidence reported in the included
studies were too slim to confirm the existence of any crossborder and intercity transmission networks of HCV
[13,17,20]. The identification of a related sequence between
Taiwan and Hong Kong could have been driven by occasional
travels without the growth of a sustained transmission network among MSM [20]. For the related cases reported in
China, the delineation of the cluster could be due to the lack
of discrimination, given the utilization of the conserved core
region for genotyping [17,39]. The inclusion of Australian samples from different cities in the same cluster was not robust
enough to assert a genuine transmission event, since the
founding subtypes in different regions of Australia were largely identical [13,40]. Demonstration of HCV spread between
regions could only be confirmed if a larger intercity cluster is
detected. More data at city and national level are required to
understand the scale and transmission dynamics of within-territory and cross-border HCV networks. Therefore, currently
there is no evidence to support the overlap of HCV transmission networks among MSM between territories in the Asia7
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Pacific region and with other continents. Yet, in light of the
escalating popularity of gay party along with the growing ease
of transportation worldwide, the potential risk of cross-border
HCV transmission should not be underestimated [41].
Overall, the growth of HCV epidemics among MSM in the
Asia-Pacific region, alongside the lack of information, is a cause
for concern. With reference to a systematic review and metaanalysis, the HCV seroprevalence among HIV-positive MSM,
based on ten included studies in Australia, China, Japan and
Taiwan, averaged 9.42% (range: 1.2% to 24.3%), which was
higher than that in Europe (n = 21, 7.7%, 2.6% to 18%) but
slightly lower than North America (n = 9, 10.7%, 4.3% to
17.9%) [8]. In comparison to the global HCV seroprevalence
among the general population varying between 0.5% and
2.3%, considerably higher estimates were also recorded in
some Asian countries: Myanmar (1.0%), Laos (1.1%), Indonesia
(2.1%), Cambodia (2.3%), Thailand (2.7%) and Vietnam (6.1%)
[3,42]. Furthermore, the high prevalence of HIV (2% to 29%)
among the Southeast Asian sex workers, transgender people
and MSM has also rendered them to an enhanced risk of sexually acquired HCV infection [7,43]. At present, there is a paucity of published molecular epidemiological data, at both city
and country level, on HCV infection resulting from sexual
transmission in the Asia-Pacific region, despite the existence
of epidemic risks. From a regional perspective, it is important
to conduct molecular studies to illustrate the evolution of
HCV, infer phylogenetic relationships and identify sexual networks. The functioning of collaborative HCV cohorts with a
regional context might be one of the solutions in strengthening preparedness against HCV epidemics, through the establishment of a regional database, and facilitating epidemiologic
analyses [44].
There are several limitations in this study. First, only published data from nine territories in the Asia-Pacific region
could be reviewed which might undermine the generalizability
of the synthesized results. The limited number of HCV samples in each territory, that might be disproportionate to the
true nationwide or city-wide population prevalence, could lead
to skewed results on the overall genotype distribution, which
should be interpreted with caution. Second, the differentiation
of transmission patterns between MSM versus non-MSM and
by HIV status was technically difficult. Since the baseline characteristics corresponding to each genotyped sequence were
not specifically profiled in every study, the epidemiologic patterns could only be jointly evaluated. The same situation also
applied to the differentiation between MSM-PWID and conventionally defined PWID, which might also make the interpretation on overlapping risks difficult. Third, the incompleteness
of sequence data and the unavailability of the accession numbers of the sexually acquired HCV sequences in most studies
did not allow us to validate the clustering results. The differences in the genomic region used for sequencing in multiple
studies had further restricted our evaluation and interpretation on the phylogenies and their implications.

5 | CONCLUSIONS
In the Asia-Pacific region, the genotype distribution of sexually
acquired HCV is scattered across cities and countries. Currently, shared transmission network between MSM and PWID

was noted only in Australia and New Zealand, while overlapping risk elicited from a small number of subjects existed in
other parts of the region. Nevertheless, these networks were
more likely to have been formed by drug-injecting MSM
instead of heterosexual PWID. Molecular evidence was minimal to reveal any cross-border and intercity transmission network, and that the occurrence of regional outbreaks could not
be demonstrated. The scarcity of molecular epidemiological
information has hindered the progress with conducting comprehensive assessment in the Asia-Pacific region, where seroprevalence of HCV among HIV-positive MSM was relatively
high.
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