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ABSTRACT
Objectives: The incidence of hepatitis C virus (HCV)
infection among HIV-negative men who have sex with
men (MSM) is rarely investigated in the Asia-Pacific
region. We aimed to estimate the incidence rate of and
factors associated with recent HCV infection among the
clients seeking voluntary counselling and testing (VCT)
services for HIV in Taiwan.
Methods: During 2006–2013, 12 143 clients sought
VCT services for HIV. Clients with subsequent follow-up
tests at an interval of 6 months or longer were included
to estimate the incidence rate of HCV seroconversion.
Phylogenetic analysis of HCV sequences from VCT
clients and HIV-positive patients was performed.
Results: The overall HCV seroprevalence at baseline
was 0.3%. Of 2150 clients testing negative for anti-HCV
antibody at baseline with a total of 5074.99 person-
years of follow-up (PYFU), 17 (0.8%) developed HCV
seroconversion, leading to an overall incidence rate of
3.35 per 1000 PYFU (95% CI 1.76 to 4.94), which
increased from 2.28 (95% CI 0.05 to 4.51) in 2006–
2009, to 3.33 (95% CI 0.86 to 5.80) in 2010 to 2011
and 4.94 per 1000 PYFU (95% CI 0.99 to 8.99) in
2012–2013; the incidence of early syphilis increased
from 11.91 to 13.28 and 31.78 per 1000 PYFU in the
three corresponding periods. In multivariate analysis,
having HIV-positive partners (adjusted HR (AHR)
=3.756; 95%CI 1.180 to 11.955) and developing a rapid
plasma reagin titre of 4 or greater (AHR=9.978; 95% CI
1.550 to 64.233) were significantly associated with HCV
seroconversion.
Conclusions: An increasing trend of recent HCV
infection occurs among individuals seeking VCT
services in Taiwan. Having HIV-positive partners and
having syphilis are independently associated with recent
HCV seroconversion.

INTRODUCTION
After the introduction of combination anti-
retroviral therapy, AIDS-related morbidity

and mortality have decreased significantly,
and end-stage liver disease has become the
leading cause of non-AIDS-related deaths in
the HIV-positive population, especially
among those co-infected with hepatitis C
virus (HCV).1 While parenteral transmission
remains the most efficient route of HCV
infection,2 sexual contact has not been con-
sidered as an important route for HCV trans-
mission.3 In the USA and Western Europe,
HCV seroprevalence is 72–95% among
HIV-positive persons with a history of injec-
tion drug use, 1–12% in HIV-positive men
who have sex with men (MSM) and 9–27%
in HIV-positive heterosexuals.4 In Taiwan,
HCV seroprevalence is 96.8% among
HIV-positive persons with a history of injec-
tion drug use, 5.5% in HIV-positive MSM
and 10.9% in HIV-positive heterosexuals.5–8

Since 2000, outbreaks of acute HCV infec-
tion among HIV-positive MSM without a
history of injection drug use have been
increasingly reported,9–12 with incidence
rates ranging from 1–3 per 1000 person-years

Strengths and limitations of this study

▪ This is the first study in the Asia-Pacific region
to estimate hepatitis C virus (HCV) incidence
among individuals seeking voluntary counselling
and testing services, particularly HIV-negative
men who have sex with men (MSM).

▪ This study demonstrates the increasing incidence
of HCV infection in high-risk HIV-negative MSM
and provides useful information to clinical
physicians.

▪ Owing to the small number of cases and single
hospital study, more surveillance studies are
warranted.
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(PY) to 10 or more per 1000 PY.13–18 Several factors have
been identified to be associated with acquisition of HCV
infection via sexual contacts among HIV-positive MSM,
such as unprotected receptive anal intercourse with mul-
tiple partners and syphilis, rectal trauma with bleeding,
fisting and use of non-parenteral recreational drugs.19–22

However, there are limited data about the incidence
of HCV infection among HIV-negative MSM, especially
in the Asia-Pacific region. In the UK, unselected screen-
ing of HCV among MSM over a 6-month period when
they attended sexual health clinics showed similar HCV
seroprevalence between the general UK population
(0.72%) and MSM with HIV-negative or unknown HIV
status (0.61%).23 However, in a study by Richardson
et al,15 the incidence of HCV infection in HIV-negative
MSM increased from 0 per 1000 PY in 2000–2003 to 5.8
per 1000 PY in 2006.
Our previous study in Taiwan has shown an increasing

trend of recent HCV infection among HIV-positive MSM
between 2000 and 2010, which was associated with syph-
ilis.18 In this study, we aimed to estimate the incidence rate
of recent HCV infection among individuals who were not
injecting drug users (IDUs), and who sought voluntary
counselling and testing (VCT) services for HIV and sexu-
ally transmitted infections (STIs) at a university hospital in
Taiwan. Preliminary results of this study were presented in
the 2014 HIV Drug Therapy Glasgow Congress.24

METHODS
Study setting
VCT services for HIV and syphilis were offered free of
charge in Taiwan, with grant support from Taiwan
Centers for Disease Control.25 Every client seeking VCT
services would have a unique code for identification of
test results, and complete an anonymous, self-
administered questionnaire to obtain information on
the demographics, sexual practices, risk behaviours for
HIV infection, prior or current STIs, number of sexual
partners, HIV serostatus of sexual partners, condom use
and use of injection drugs or non-injecting recreational
drugs. After completion of integrated pretesting and
post-testing counselling, a blood sample was obtained
for testing for HIV, syphilis and viral hepatitis.25

In this study, all clients who sought VCT services
between May 2006 and December 2013 were included,
and clients using the same code who sought VCT ser-
vices more than two times with an interval of 6 months
or longer were eligible for inclusion to estimate the inci-
dence rate of HCV seroconversion. IDUs and clients
who sought VCT services only once or with repeat tests
performed at an interval of less than 6 months were
excluded. The participants gave written informed
consent by using the unique code.

Laboratory investigations
Antibodies to HCV were determined with a fourth-
generation enzyme immunoassay (GB NANBASE C-96,

V4.0). The HCV NS5B gene sequences, amplified from
VCT clients with positive HCV antibody and patients
co-infected with HIV and HCV in our cohort, between
2006 and 2013, were used in phylogenetic analysis. A
336-bp fragment covering partial HCV NS5B (nucleo-
tides (nt) 8294–8629 relative to HCV reference strain
H77) was amplified by PCR as previously described.18

The final PCR products were sequenced. Phylogenetic
analysis was performed to determine the HCV genotypes
by the use of NS5B sequences amplified from
HCV-positive patients in our cohort.18 26 The study and
reference sequences were aligned using the Clustal W
program with minor manual adjustment. The tree was
constructed by the neighbour-joining method based on
the Kimura two-parameter distance matrix listed in
MEGA software (V.3.0).27

Nucleotide sequence accession numbers
The GenBank accession numbers of the obtained partial
NS5B HCV sequences used in the phylogenetic analysis
were JQ060117–121, JQ060123–124, JQ060126,
JQ060131–133, HM031199, HM031203–204, HM031211,
DQ179117, DQ663604, DQ663608, DQ666268 and
EU255966. The GenBank accession numbers for the
four seroconversion sequences were 1847251, 1847258,
and 1847261-62.

Definitions
Recent HCV seroconversion was defined as the first posi-
tive HCV antibody that was detected within 1 year after
the previous negative HCV antibody. The date of sero-
conversion was arbitrarily assigned as the midpoint
between the date of the last negative HCV antibody and
that of the first positive HCV antibody.18 Recent syphilis
was defined as having an rapid plasma reagin (RPR)
titre with a fourfold increase or new RPR seroreactivity
within 6 months of HCV seroconversion or within
6 months of the last anti-HCV test.18

Statistical analyses
All statistical analyses were performed by SPSS software,
V.17 (SPSS Inc, Chicago, Illinois, USA). Categorical vari-
ables were compared using χ2 or Fisher’s exact test
whereas non-categorical variables were compared using
Student’s t test or Mann-Whitney U test. All tests were
two-tailed and a p value <0.05 was considered significant.
Cox proportional hazards model was used to identify
factors associated with HCV seroconversion. All included
clients were followed from the date of first VCT visit
during the study period to the date of the last VCT visit
or HCV conversion. To assess the trend of HCV infection,
the follow-up duration was further categorised into three
time periods, 2006–2009, 2010–2011 and 2012–2013. The
incidence rate of HCV seroconversion in each study
period was calculated as number of episodes of HCV
seroconversion per 1000 PY of follow-up (PYFU). Poisson
regression was used for comparisons of incidence
rates in three time periods (2006–2009, 2010–2011 and

2 Tsai J-C, et al. BMJ Open 2015;5:e008406. doi:10.1136/bmjopen-2015-008406

Open Access



2012–2013). A nested case–control study was also
performed to compare the clinical characteristics of HCV
seroconverters with those of HCV non-seroconverters.
Every HCV seroconverter was matched with four non-
seroconverters for age, gender, year of first VCT visit and
duration of follow-up during the study period.

RESULTS
Between May 2006 and December 2013, 12 143 indivi-
duals sought VCT services and underwent a total of
18 246 tests, and 9986 clients were excluded in the
further analysis because of being IDUs or having only
one test during the period. The remaining 2157 clients
contributed a total of 8260 tests with an interval of
6 months or longer between two tests.
At baseline, HCV seropositivity was found in seven

clients (0.3%). Of the 2150 clients with negative HCV
antibody at baseline who contributed a total of 5074.99
PYFU, 17 (0.8%) had HCV seroconverted during the
follow-up. This led to an overall incidence rate of 3.35
per 1000 PYFU (95% CI 1.76 to 4.94). The clinical
characteristics of the 17 HCV seroconverters and 2133
clients who remained seronegative for HCV are shown
in table 1. Thirteen of the 17 (76.5%) HCV seroconver-
ters were MSM and 4 (23.5%) were heterosexuals.
During the three study periods, the incidence rate of

HCV seroconversion increased from 2.28 per 1000 PYFU
(95% CI 0.05 to 4.51) in 2006–2009 and 3.33 per 1000
PYFU (95% CI 0.86 to 5.80) in 2010–2011, to 4.94
per 1000 PYFU (95% CI 0.99 to 8.99) in 2012–2013
(figure 1). The incidence rate of syphilis also increased
from 11.91 per 1000 PYFU in 2006–2009 to 31.78 per
1000 PYFU in 2012–2013 (figure 1); the rates were
significantly higher in HCV seroconverters than

non-seroconverters during the three corresponding
study periods.
In multivariate analysis, HCV seroconverters were

more likely to have HIV-positive partners (adjusted HR
(AHR) 3.756; 95% CI 1.180 to 11.955) and a RPR titre
of four or greater (AHR 9.978; 95% CI 1.550 to 64.233)
than HCV non-seroconverters (table 2). In the nested
case–control study, the proportion of clients having
HIV-positive sexual partners remained higher in the
HCV seroconverters than in the non-seroconverters
(23.5% vs 3.1%, p=0.016), so did the proportion of
those who had recent syphilis (11.8% vs 0%, p=0.04)
and an RPR titre of four or greater (11.8% vs 0%,
p=0.04). During follow-up, HCV seroconverters tended
to be more likely to become HIV positive than non-
seroconverters (17.7% vs 3.1%, p=0.059) (see online
supplementary table S1). In multivariate analysis, having
HIV-positive sexual partners remained independently
associated with HCV seroconversion with an adjusted
OR of 6.931 (95% CI 1.064 to 45.163) (see online sup-
plementary table S2).
Among the 17 HCV seroconverters, four clients had

HCV viraemia detected by the PCR assay. One client was
infected with HCV genotype 2a, and three with genotype
1b. Phylogenetic analysis was performed to determine
their relationship with prevalent HCV sequences of
HIV-positive MSM (n=11) and IDUs (n=9). The sequence
of HCV isolates from HCV seroconverts among the VCT
clients appeared to cluster with those from HIV-positive
MSM, rather than those of IDUs (figure 2).

DISCUSSION
In this study, we demonstrate an increasing trend of
HCV seroconversion among VCT clients who were not

Table 1 Clinical characteristics of HCV seroconverters and non-seroconverters

Seroconverters Non-seroconverters
Characteristics N=17 (%) N=2133 (%) p Value

Male, n (%) 17 (100.0) 1988 (93.2) 0.6236

Age (mean±SD), years 28.0 (±6.21) 29.0 (±6.5) 0.5109

Risk, n (%)

MSM 13 (76.5) 1545 (72.4) 0.766

Heterosexual 4 (23.5) 587 (27.5)

Reasons for screening, n (%)

HIV-positive sexual partners 4 (23.5) 195 (9.1) 0.0649

History of STI 2 (11.8) 318 (14.9) 0.7168

Having sex-for-money or money-for-sex 2 (11.8) 153 (7.2) 0.3498

Having one-night stands 4 (23.5) 568 (26.6) 0.7733

Having anal sex 11 (64.7) 1109 (52.3) 0.3081

Having unsafe anal sex (without 100% condom use) 5 (33.3) 531 (25.4) 0.7329

Having oral sex 12 (70.6) 1444 (68.1) 0.823

Recreational drug use 2 (11.8) 148 (6.9) 0.4366

Laboratory test results, n (%)

HIV seroconversion during follow-up 3 (17.7) 132 (6.2) 0.0863

RPR titre of≥4 2 (11.8) 41 (1.9) 0.0439

Recent syphilis 2 (11.8) 82 (3.8) 0.1406

HCV, hepatitis C virus; MSM, men who have sex with men; RPR, rapid plasma reagin; STI, sexually transmitted infection.
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IDUs, which increased from 2.28 per 1000 PYFU in
2006–2009 to 4.94 per 1000 PYFU in 2012–2013. Having
HIV-positive partners was a consistently independent
factor associated with HCV seroconversion in two multi-
variate analyses. Furthermore, the phylogenetic analysis
corroborated these results and showed that sequences
from HCV seroconverters among VCT clients tended to
cluster with those from HIV-positive MSM.
Similar to the findings observed in several Western

countries, the increasing trends of HCV infection in
HIV-positive MSM have also been found in East Asia, in
regions of Japan,28 Hong Kong29 and Taiwan,18 in
recent years. However, few studies addressed the inci-
dence rates of HCV infection for transmission of STIs
among the HIV-negative populations who engaged in
high-risk behaviours. In the van de Laar et al13 study,
there were no HCV seroconverters among HIV-negative
MSM during two study periods (1984–1999 and 2000–
2003). In contrast, Richardson et al15 reported that the
incidence of HCV infection in HIV-negative MSM
increased from 0 per 1000 PY during 2000–2003, 0.7 per
1000 PY in 2004 and 1.5 per 1000 PY in 2005, to 5.8 per
1000 PY in 2006. Such discrepancies might result from a
lack of data from HIV-negative MSM in the former study
because regular HCV screening was not recommended
for MSM without HIV infection when the study was con-
ducted. In our study, the increasing incidence of HCV
infection in HIV-negative MSM concurs with the find-
ings of Richardson et al. Such findings would support
the counselling at VCT visit that provides information,

communication and education about traditional STIs,
such as syphilis, gonorrhoea and chlamydia, as well as
viral hepatitis.
In the two analyses, we found that having HIV-positive

partners was consistently an independent factor asso-
ciated with HCV seroconversion, while other risk factors,
such as history of STIs, anal sex, one-night stands, unsafe
anal sex (defined as no 100% condom use), oral sex
and use of non-injection drugs, were not statistically sig-
nificantly different between HCV seroconverters and
non-seroconverters. HIV infection may increase both
infectiousness and susceptibility to HCV. In the study by
Sherman et al,30 HIV increased serum HCV RNA load by
more than 1 log10 IU/mL in HCV/HIV-co-infected indi-
viduals compared to those with HCV-mono-infection,
and HCV/HIV-co-infected patients were more likely to
shed HCV RNA in semen compared with
HCV-mono-infected patients, suggesting a possible role
in sexual transmission.31 Although we did not have HCV
data from those HIV-positive partners, the finding of
clustering of HCV sequences in phylogenetic analysis
between HIV-positive and HIV-negative MSM in our
study suggests such a link of HCV transmission.
Our study found that an RPR titre of four or greater

was associated with HCV seroconversion in multivariate
analysis (table 2). Ulcerative STIs, such as syphilis or lym-
phogranuloma venereum (LGV), could facilitate HCV
acquisition from disrupted mucosa. In a case–control
study,22 individuals with a history of syphilis, gonorrhoea
or chlamydia in the past 12 months were associated with
HCV seroconversion in univariate analysis (OR 2.78,
95% CI 1.18 to 6.5). In the study by Sun et al,18 in
Taiwan, HIV-positive MSM with recent syphilis had an
approximately 7.3-fold higher risk of HCV seroconver-
sion than those without recent syphilis. Our finding of
concurrently increasing trends of syphilis lends support
to the association between syphilis and HCV seroconver-
sion among our VCT clients (figure 1).
Changes of risk behaviours may also be an important

issue in sexual transmission of HCV infection. In London,
a large survey of changes in sexual behaviours of MSM was
performed between 1998 and 2008.32 The percentage of
MSM who had unprotected anal intercourse (UAI)
increased from 24.3% in 1998 to 36.6% in 2008. In
another UK study,33 60 cases and 130 controls showed that
UAI, rimming, fisting, use of sex toys and group sex

Figure 1 The incidence rates of hepatitis C virus (HCV) and

syphilis, 2006–2013.

Table 2 Multivariate analysis of factors associated with HCV seroconversion among all clients

Variables Reference AHR (95% CI) p Value

Age, years Continuous variable 0.927 (0.843 to 1.02) 0.1209

HIV-positive sexual partners Unknown or HIV-negative sexual partners 3.756 (1.18 to 11.955) 0.0251

MSM Heterosexual 0.852 (0.267 to 2.761) 0.7867

Use of recreational drugs No use of recreational drugs 1.252 (0.241 to 6.5) 0.7889

History of STI No history of STI 0.332 (0.061 to 1.811) 0.2031

RPR titre of ≥4 RPR titre of <4 9.978 (1.55 to 64.233) 0.0155

AHR, adjusted HR; HCV, hepatitis C virus; MSM, men who have sex with men; RPR, rapid plasma reagin; STI, sexually transmitted infection.
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participation were associated with HCV acquisition in uni-
variate analysis; moreover, sex in a group (more than two
individuals) was the strongest predictor for HCV acquisi-
tion in this study. Similarly, Schmidt et al22 identified rectal
trauma with bleeding, receptive fisting without gloves (or
with shared gloves), group sex and nasally administered
drugs were significant risks. The authors emphasised that
rectal bleeding caused by fisting or prolonged anal inter-
course leads to lesions in anal mucosa, which could serve
as a portal of entry and facilitate HCV transmission.
However, our questionnaire, in addition to querying on
condom use, did not include inquiries about risk beha-
viours that may cause bleeding.25 Thus, we were not able
to assess if those risky behaviours were associated with
HCV seroconversion in our study.
There are several limitations in our study. First, we

used a questionnaire to collect information on sexual
risk behaviours. It is difficult to avoid recall bias of VCT
clients and all data were self-reported; therefore we were
not able to verify the information provided. Second,

we did not perform HCV RNA for all clients who were
HCV-seronegative. This could underestimate the inci-
dence rate of HCV infection. Third, the number of
HCV seroconversion cases remains small, which may pre-
clude us from identifying other associated factors with
HCV seroconversion. Fourth, our study was conducted
at a single VCT site in Taiwan. More surveillance studies
are warranted to confirm our findings of an increasing
incidence rate of HCV infection in HIV-negative popula-
tions engaged in risk behaviours for STIs in Taiwan and
other countries in the Asia-Pacific region.
In conclusion, we demonstrate an increasing trend of

recent HCV infection among individuals who sought
VCT services in Taiwan. Syphilis and having HIV-positive
partners are two factors that are independently asso-
ciated with recent HCV seroconversion.
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