
Journal of Microbiology, Immunology and Infection 56 (2023) 566e574
Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.e- jmii .com
Original Article
Risky sexual practices and hepatitis C
viremia among HIV-positive men who have
sex with men in Taiwan

Miao-Hui Huang a,1, Guan-Jhou Chen b,c,1, Hsin-Yun Sun b,
Yi-Ting Chen d, Li-Hsin Su b, Shu-Yuan Ho e, Sui-Yuan Chang e,f,
Sung-Hsi Huang g,h, Yi-Chia Huang g, Wang-Da Liu b,i,
Kuan-Yin Lin b,d, Yu-Shan Huang b, Yi-Ching Su b,
Wen-Chun Liu b, Chien-Ching Hung b,h,j,k,l,*
a Department of Internal Medicine, Hualien Tzu Chi Hospital and Tzu Chi University, Buddhist Tzu Chi
Medical Foundation, Hualien, Taiwan
b Department of Internal Medicine, National Taiwan University Hospital and National Taiwan
University College Medicine, Taipei, Taiwan
c Min-Sheng General Hospital, Taoyuan, Taiwan
d Center of Infection Control, National Taiwan University Hospital, Taipei, Taiwan
e Department of Laboratory Medicine, National Taiwan University Hospital and National Taiwan
University College Medicine, Taipei, Taiwan
f Department of Clinical Laboratory Sciences and Medical Biotechnology, National Taiwan University
College of Medicine, Taipei, Taiwan
g Department of Internal Medicine, National Taiwan University Hospital Hsin-Chu Branch, Hsin-Chu,
Taiwan
h Department of Tropical Medicine and Parasitology, National Taiwan University College of Medicine,
Taipei, Taiwan
i Department of Medicine, National Taiwan University Cancer Center, Taipei, Taiwan
j Department of Internal Medicine, National Taiwan University Hospital Yun-Lin Branch, Yun-Lin,
Taiwan
k Department of Medical Research, China Medical University Hospital, Taichung, Taiwan
l China Medical University, Taichung, Taiwan
Received 22 September 2022; received in revised form 23 December 2022; accepted 9 January 2023
Available online 16 January 2023
* Corresponding author. Department of Internal Medicine, National Taiwan University Hospital, 7 Chung-Shan South Road, Taipei, Taiwan.
E-mail address: hcc0401@ntu.edu.tw (C.-C. Hung).

1 Huang MH and Chen GJ contributed equally to the work.

https://doi.org/10.1016/j.jmii.2023.01.006
1684-1182/Copyright ª 2023, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/).

mailto:hcc0401@ntu.edu.tw
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jmii.2023.01.006&domain=pdf
https://doi.org/10.1016/j.jmii.2023.01.006
http://creativecommons.org/licenses/by/4.0/
www.sciencedirect.com/science/journal/16841182
http://www.e-jmii.com
https://doi.org/10.1016/j.jmii.2023.01.006
https://doi.org/10.1016/j.jmii.2023.01.006


Journal of Microbiology, Immunology and Infection 56 (2023) 566e574
KEYWORDS
Chemsex;
Slamsex;
Recreational drug;
Harm reduction;
Microelimination
Abstract Background: Understanding the risk behaviors associated with sexually-transmitted
hepatitis C virus (HCV) infection among men who have sex with men (MSM) may inform the pub-
lic health policies and interventions aiming to achieve HCV microelimination.
Methods: HIV-positive MSM who had one of the following conditions were enrolled to undergo
face-to-face questionnaire interviews to collect information on their sexual practices in the
past 12 months: (1) elevation of aminotransferases in the past 6 months; (2) acquisition of
sexually transmitted infections in the past 6 months; and (3) previous HCV infections. Plasma
HCV RNA were tested at enrolment and every 3 months during follow-up. Baseline character-
istics and risky behaviors were compared to identify factors associated with HCV viremia be-
tween HCV-viremic MSM and HCV-aviremic MSM in multivariate analysis.
Results: Among 781 MSM with a median age of 36 years, 57 (7.3%) had HCV viremia and 724
(92.7%) no HCV viremia during follow-up. A high proportion (38.9%) of the participants re-
ported having used recreational drugs in the past 12 months, with 34.4% of them having slam-
ming, but only 4.8% reported having shared their injection equipment. In multivariate
analysis, use of recreational drugs (adjusted odds ratio [aOR], 2.14; 95% CI, 1.16e3.96), hav-
ing participated in group sex (aOR, 2.35; 95% CI 1.24e4.40) and having had condomless recep-
tive anal intercourse (aOR, 1.97; 95% CI 1.07e3.62) were significantly associated with HCV
viremia.
Conclusion: Among high-risk HIV-positive MSM, use of recreational drugs and risky sexual con-
tacts were associated with HCV viremia, suggesting the mucosal contacts as the major route
of HCV transmission.
Copyright ª 2023, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction

After the introduction of highly effective direct-acting an-
tivirals (DAAs) against hepatitis C virus (HCV), the World
Health Organization (WHO) announced its first global target
of combating viral hepatitis in 2016.1 The goal was to
eliminate viral hepatitis as a major public health threat by
2030, aiming to reduce the new diagnoses of viral hepatitis
by 90% and hepatitis-related deaths by 65%.2

Since 2000, increasing incidences of HCV infection have
been observed in the Europe, the United States, Australia
and several Asian-Pacific countries.3,4 However, rather than
parenteral exposures to infected blood through injection
drug use, use of contaminated medical equipment, or
transfusion, HCV infection during this emerging epidemic
has been demonstrated to transmit through sexual con-
tacts, especially among men who have sex with men
(MSM).3,5 The detection of a high amount of HCV in the
rectal fluid, semen and nasal fluid from HCV-viremic pa-
tients, particularly those with HIV coinfection, implies that
unprotected, traumatic sexual contacts may increase the
risk of HCV acquisition.6,7 Several studies among people
living with HIV (PLWH) who were MSM with HCV coinfection
also found strong association between recent HCV acquisi-
tion and concomitant diagnosis of other sexually trans-
mitted infections (STIs) such as syphilis.8e10

With the expanding access to DAA treatment, studies in
Australia, Europe, Egypt and Taiwan have demonstrated
significant declines of HCV incidence and prevalence among
different key populations.11e18 However, sexually-
transmitted HCV reinfections after successful treatment
with DAAs might hinder our progress toward HCV
567
elimination, especially among high-risk key populations.
While the significance of HCV reinfections may vary in
different regions and populations,19e27 recent studies have
revealed a high annual rate of HCV reinfection of around
4.0e9.8% among PLWH in Taiwan;25e28moreover, a recent
study in Taiwan revealed that HCV reinfections accounted
for 82.8% of new HCV infections in 2021, despite a signifi-
cant reduction of HCV infection with the implementation of
DAA treatment program.18 Of note, certain risky sexual
behaviors were found to be independently associated with
HCV reinfections.27

The increases of sexually-transmitted HCV infections,
and possibly reinfections, might become an important
obstacle when it comes to tackling the HCV epidemics,
which warrant more efforts on risk reduction and public
health interventions. Many studies in the United States,
Switzerland, France and the Netherlands have linked
chemsex, slamming, unprotected anal intercourse, fisting,
sharing sex toy, or having multiple sex partners to HCV in-
fections among MSM.29e34 Recently, the expansion of the
users receiving pre-exposure prophylaxis (PrEP) against HIV
transmission and the campaigns of “undetectable equals
untransmissible” also raise concerns about behavioral risk
compensation.35 However, the risk behaviors associated
with sexually-transmitted HCV infections were seldomly
investigated systemically in Asian-Pacific region. Under-
standing the modifiable behaviors associated with HCV
viremia might help mitigate the risks among key populations
in the region. In this study, we conducted face-to-face
questionnaire interviews aiming to identify risky behavioral
factors among PLWH who were MSM and underwent regular
follow-up for occurrences of HCV viremia in Taiwan.

http://creativecommons.org/licenses/by/4.0/


M.-H. Huang, G.-J. Chen, H.-Y. Sun et al.
Materials and methods

Study design and population

In this single-center study, we performed a cross-sectional
survey with face-to-face questionnaire interviews to
obtain information on the sexual practices among PLWH
who participated in a follow-up study to detect HCV
viremia. In this study, PLWH who were aged 20 years or
older and at high risk of acquiring HCV infection were
enrolled for monitoring of HCV viremia every 12 weeks
with the use of three-stage pooled-plasma HCV RNA
testing.36 The study included PLWH who met at least one
of the following criteria: (1) any elevation of liver amino-
transferases in the past 6 months; (2) acquisition of STIs in
the past 6 months; or (3) having achieved sustained viro-
logic response 12 weeks off-therapy (SVR12) with DAA or
spontaneous clearance of HCV viremia. A case record form
was used to collect information from electronic medical
records on the clinical characteristics of the participants,
including previous HCV viremia and treatments, plasma
HIV RNA load (PVL), CD4 cell count, and use of combination
antiretroviral therapy.

All eligible PLWH who self-identified themselves as MSM
underwent face-to face questionnaire interviews by a
trained study nurse at enrolment. During the interviews,
information regarding the demographics of participants,
sexual history, sexual preferences, medical history of STI in
the past 12 months, personal experience with using recre-
ational drugs or sexualized drugs was collected. The details
of the questionnaire used, courtesy of Professor Jürgen K.
Rockstroh, Department of Medicine I, University of Bonn,
Bonn, Germany, are attached in the supplementary mate-
rial. The information obtained in the interviews was
analyzed and linked to the results of HCV RNA testing to
determine potential association between high-risk behav-
iors and HCV viremia. The study was approved by the
Research Ethics Committee of National Taiwan University
Hospital (registration number, 201904086RIPB), and all
participants who participated in the questionnaire inter-
view gave additional written informed consents.

Definition and detection of HCV viremia

The participants in the study underwent HCV RNA testing at
the beginning of follow-up to determine their HCV status.
Those who were HCV RNA-negative in the initial tests would
be followed every 12 weeks with the use of three-stage
pooled-plasma HCV RNA testing.36 In brief, plasma samples
from 20 PLWH were pooled together for HCV RNA testing,
and subsequent testing of mini-pools consisting of 5 sam-
ples would be performed if the initial test was positive;
testing of individual samples would be performed for the
mini-pooled samples tested positive for HCV RNA. The
detection of HCV RNA was performed using Roche Cobas�
6800 system (AmpliPrep HCV Test, v2.0, Roche, USA), with a
detection limit of 15 IU/ml. The designated follow-up
duration for each participant in the pooled-plasma study
for occurrence of HCV viremia was 48 weeks. Although
repeat enrolment was allowed in the pooled-plasma HCV
RNA testing, we only included the participants who
568
participated in the study for the first time and completed
the questionnaire interview.

In this study, the participants who tested positive for
HCV RNA at enrolment and those who developed HCV
viremia during follow-up were classified into the “HCV
viremia” group, as compared to those who remained free of
HCV viremia (“HCV aviremia” group) during follow-up. The
clinical characteristics and risk behaviors were compared
between these two groups, and the association between
high-risk behaviors and presence of HCV viremia was
analyzed using multivariate regression models.

Statistical analysis

The demographics, clinical characteristics, and the prac-
tice of risk behaviors were compared between those who
acquired HCV during follow-up and those who remained
free of HCV viremia during follow-up. Non-categorical var-
iables were compared using Student’s t test or
ManneWhitney U test, and categorical variables were
compared using chi-square test or Fisher’s exact test. In
order to identify potential factors associated with HCV in-
fections, we constructed a multivariable logistic regression
model with different demographics, clinical characteristics
and risky behaviors. To avoid potential multicollinearity
between risk behaviors, we performed pair-wised analyses
of all variables to identify possible correlations using
Pearson or Spearman’s correlation coefficients. A correla-
tion coefficient greater than 0.4 were considered to have
significant collinearity and only one of the two variables
will be included in the model. After excluding variables
with significant collinearity, a backward elimination pro-
cess was used during the multivariable analyses, in which
all possible demographic and clinical factors were included
in the model initially and factors were removed from the
model starting with factors with the largest p value. The
process was repeated until all factors in the model had a p
value of <0.2. All statistical analyses were performed using
STATA software v.14.0 S/E (StataCorp LP, College Station,
TX). All p values were two-sided.

Results

Characteristics of the participants

After excluding non-MSM participants and those who were
not willing to participate in the questionnaire interview,
781 PLWH who were MSM underwent questionnaire in-
terviews (Fig. 1). Twenty-six of these 781 (3.3%) PLWH
tested positive for HCV RNA at baseline. During the follow-
up, 755 PLWH who were HCV RNA-negative at baseline
contributed to 604.12 person-years of follow-up (PYFU) and
incident HCV viremia was diagnosed in 31 (4.1%) PLWH,
resulting in an incidence rate of HCV viremia of 5.1 per 100
PYFU (95% confidence interval [CI], 3.3e6.9). If stratified by
previous history of HCV viremia, the incidence of HCV
viremia was 7.3 per 100 PYFU among those with previous
HCV viremia, as compared to 4.5 per 100 PYFU among those
without previous HCV viremia (p Z 0.10). A total of 57
PLWH who tested positive for HCV RNA at enrolment or
during follow-up were classified in the “HCV viremia” group



Figure 1. Study flow and inclusion criteria.
Abbreviations: PLWH, people living with HIV; MSM, men who have sex with men.
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to compare with 724 PLWH in the “HCV aviremia” group
(Fig. 1). In the HCV-viremic group, 20 (35.1%) PLWH had
HCV reinfections and 37 (64.9%) had the first episodes of
HCV infection.

The baseline clinical characteristics of all participants
are shown in Table 1. Most participants enrolled in the
study were young MSM receiving combination antiretroviral
therapy and having achieved good control of HIV. As
compared to HCV-aviremic participants, HCV-viremic par-
ticipants were significantly younger (33 vs 36 years,
p Z 0.01) and were more likely to have elevated amino-
transferases in the past 6 months (22.8% vs 8.3%,
p < 0.001).

Comparisons of high-risk behaviors between HCV-
viremic and HCV-aviremic groups

The self-reported risk behaviors for the two groups in the
past 12 months are shown in Table 2. Both groups reported
high rates of having engaged in high-risk sexual behaviors.
Compared with HCV-aviremic participants, HCV-viremic
participants had more sex partners (having more than 5
sex partners in past 12 months, 34.6% vs. 21.4%, p Z 0.02),
were more likely to participate in group sex (40% vs. 17.6%,
p < 0.001), and were more likely to have condomless
receptive anal sex (67.9% vs. 52.5%, p Z 0.03), as well as
condomless insertive anal sex (66.0% vs. 49.0%, p Z 0.02).

Overall, 38.9% (303/778) of the participants reported
having had use of recreational drugs in the past 12 months;
however, HCV-viremic participants were significantly more
likely than HCV-aviremic participants to have used recrea-
tional drugs (68.4% vs 36.6%, p < 0.001). Of note, 91.4% of
569
the participants who had used recreational drugs reported
having “chemsex” (86.8% in the HCV-viremic group vs.
92.1% in the HCV-aviremic group, p Z 0.28). In terms of the
route of administration, 34.4% (104/302) of MSM who used
recreational drugs reported ever having injected the illicit
drugs, but the difference between HCV-viremic and the
HCV-aviremic groups was not statistically significant (52.8%
vs. 33.5%, pZ 0.18). Only 5 of these 104 (4.8%) participants
who injected drugs reported ever sharing their injection
equipment, and the proportion was significantly higher in
HCV-viremic group than HCV-aviremic group (18.8% vs.
2.3%, p Z 0.03). We also compared the risky behaviors
among different subgroups of HCV-viremic patients, but no
statistically significant differences were identified (Sup-
plementary Table S1).

Multivariate analysis

After excluding factors with significant collinearity, uni-
variate and multivariate analysis were performed to iden-
tify potential factors associated with HCV viremia and the
results are shown in Table 3. In univariate logistic regres-
sion, younger age (odds ratio [OR] per 1-year increase,
0.96; 95% CI 0.92e0.99), having used recreational drugs
(OR, 2.92; 95% CI 1.67e5.11), having participated in group
sex (OR, 3.12; 95% CI, 1.76e5.53), and having had con-
domless receptive anal intercourse (OR, 1.92; 95% CI,
1.06e3.49) were significantly associated with HCV viremia.
After adjustments made in multivariable logistic model, use
of recreational drugs (adjusted OR [aOR], 2.14; 95% CI,
1.16e3.96), having participated in group sex (aOR, 2.35;
95% CI 1.24e4.40) and having had condomless receptive



Table 1 Baseline characteristics of HIV-positive men who have sex with men participated in the questionnaire interview.

Baseline characteristics All participants
N Z 781

HCV-viremic
N Z 57

HCV-aviremic
N Z 724

p-value

Age, median (IQR), years 36 (31e43) 33 (29e39) 36 (31e43) 0.01
Highest education level
University or above, n (%) 626 (80.2) 49 (85.7) 577 (79.7) 0.25

Inclusion criteria for
pooled-plasma HCV RNA testing
Recent STIs �6 months, n (%) 603 (77.2) 38 (66.7) 565 (78.0) 0.05
Prior HCV infections, n (%) 205 (26.3) 20 (35.1) 185 (25.6) 0.11
Elevated aminotransferases, n (%) 73 (9.4) 13 (22.8) 60 (8.3) <0.001

Ongoing ART, n (%) 781 (100) 57 (100) 724 (100) e

Plasma HIV RNA load, median (IQR),
log10 copies/ml

1.3 (1.3e1.3) 1.3 (1.3e1.3) 1.3 (1.3e1.3) 0.26

Plasma HIV RNA <50 copies/mL, n (%) 717 (91.8) 50 (87.7) 667 (92.1) 0.56
CD4 counts before enrolment,

median (IQR), cells/mm3
614 (452e794) 582 (403e721) 622 (460e795) 0.12

Any STIs 12 months prior to enrolment, n (%) 494 (63.3) 32 (56.1) 462 (63.8) 0.25
Syphilis 453 (58.0) 28 (49.1) 425 (58.7) 0.16
Gonorrhea 50 (6.4) 7 (12.3) 43 (5.9) 0.06
Chlamydia 38 (4.8) 2 (3.5) 36 (5.0) 0.71
Genital or anal herpes 5 (0.6) 0 (0) 5 (0.7) 0.86
Genital or anal warts 38 (4.8) 3 (5.3) 35 (4.8) 0.89

HCV genotypes, n (%)
Genotype 1a NA 12 (21.1) NA
Genotype 1b NA 14 (24.6) NA
Genotype 2 NA 7 (12.3) NA
Genotype 6 NA 23 (40.4) NA

Abbreviations: ART, antiretroviral therapy; HCV, hepatitis C virus; IQR, interquartile range; STI, sexually transmitted infection.
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anal intercourse (aOR, 1.97; 95% CI 1.07e3.62) remained
significantly associated with HCV viremia.

To further investigate the potential difference of
behavioral risk factors among PLWH with and those without
previous HCV viremia, we also attempted to split the
multivariate model according to the previous history of
HCV viremia among our participants. Interestingly, HCV
viremia was associated with recreational drug use (aOR,
3.62; 95% CI, 1.20e10.9) and receptive condomless anal
sex (aOR 3.65; 95% CI, 1.003e13.3) among PLWH with
previous HCV infections, but not among those without
previous HCV viremia. On the other hand, participation in
group sex was associated with HCV viremia among those
without prior HCV viremia (aOR, 3.74; 95% CI, 1.75e7.97),
but not among those who had previous HCV viremia.

Discussion

In this cross-sectional survey of high-risk sexual practices
and the use of recreational drugs among 781 Taiwanese
PLWH who were MSM, we found that 57 (7.3%) were HCV
viremic at baseline or during the observation with the use
of three-stage pooled-plasma HCV RNA testing every 12
weeks. Participants in the study reported a high rate of
having used recreational drugs and engaged in high-risk
sexual practices. In multivariable analyses, high-risk be-
haviors, including use of recreational drugs, group sex and
condomless receptive anal intercourse, were linked to the
presence of HCV viremia among our participants.
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Since 2000, viral hepatitis C have emerged as an STI
among MSM in the Europe, the United States, Australia and
several Asian-Pacific countries.3,4 However, behavioral risk
factors related to HCV acquisition in this key population
were seldomly investigated in AsiaePacific region. Some of
the behavioral risk factors identified in our study were
similarly reported in previous studies in Western countries.
For example, having had condomless receptive anal inter-
course and use of recreational drugs have been repeatedly
linked with HCV infection in studies from Switzerland, the
United States, and France.29,30,33,34,37 Having had group sex
was strongly associated with HCV viremia in both our study
and another report in Spain.37 However, other risk factors
identified in our study were slightly different from those in
previous studies. Survey in France and Spain identified
being fisted and sharing sex toys in the past 12 months as
potential risk factors, which were not demonstrated in our
study.33,37 The discrepancies observed might be partly
explained by how different sexual acts were preferred by
MSM in different regions. For example, only 1.6% of MSM in
our study had reported being fisted as compared to 16.7% in
the French survey.33 Furthermore, our study included only
MSM who were at high risk for HCV acquisition. The purpose
was to identify the risk behaviors among this key population
for future interventions, and therefore the results might
be different from other studies enrolling all HIV-positive
MSM.

Our study reported a high rate of recreational drug use
(38.9% of all participants). Although this proportion was



Table 2 Reported high-risk behaviors by the participants in the past 12 months.

Baseline characteristics All participants
N Z 781

HCV-viremic
N Z 57

HCV-aviremic
N Z 724

p-value

Sexual practices or behaviors in the past 12 months
Number of male sex partners 0.02

0, n (%) 89/755 (11.8) 2/55 (3.6) 87/700 (12.4)
1e5 497/755 (65.8) 34/55 (61.8) 463/700 (66.1)
>5 169/755 (22.4) 19/55 (34.6) 150/700 (21.4)

Ever having had group sex, n (%) 146/759 (19.2) 22/55 (40.0) 124/704 (17.6) <0.001

Ever having had condomless
insertive anal sex, n (%)

346/689 (50.2) 33/50 (66.0) 313/639 (49.0) 0.02

Ever having had condomless
receptive anal sex, n (%)

379/707 (53.6) 36/53 (67.9) 343/654 (52.5) 0.03

Anal bleeding after receptive anal sex, n (%) 151/754 (20.0) 12/55 (21.8) 139/699 (19.9) 0.73
Anal douching before anal sex, n (%) 469/739 (63.5) 36/52 (69.2) 433/687 (63.0) 0.37
Ever having performed rimming, n (%) 260/756 (34.4) 22/54 (40.7) 238/702 (33.9) 0.31
Ever having been fisted, n (%) 12/761 (1.6) 0/54 (0) 12/707 (1.7) 0.34
Ever having had anorectal problems, n (%) 238/750 (31.7) 16/55 (29.1) 222/695 (31.9) 0.66
Ever having shared dildo or anal sex toy, n (%) 86/743 (11.6) 10/54 (11.6) 76/689 (11.0) 0.10
Having �1 HIV-positive sex partners, n (%) 529/743 (71.2) 43/53 (81.1) 486/690 (71.2) 0.10
Recreational drug use in the past 12 months
Reported recreational drug use, n (%) 303/778 (38.9) 39/57 (68.4) 264/721 (36.6) <0.001

Ever having had “chemsex”a, n (%) 256/280 (91.4) 33/38 (86.8) 223/242 (92.1) 0.28
Ever having shared snorting equipment, n (%) 220/291 (75.6) 28/37 (75.7) 192/254 (75.6) 0.99

Ever having Injected recreational
drugs (“Slamming”), n (%)

104/302 (34.4) 16/39 (52.8) 88/263 (33.5) 0.15

Ever having shared injection equipment, n (%) 5/104 (4.8) 3/16 (18.8) 2/88 (2.3) 0.03

a “Chemsex” is defined as having sexual contact while using recreational drug simultaneously.
Abbreviations: MSM, men who have sex with mem.
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likely overestimated as our study included MSM who were at
higher risk for HCV infection, we believed the high rate of
recreational drug use still reflected the growing epidemic of
sexualized drug use among Taiwanese MSM. Overall, 91.4%
of MSM who had used recreational drug reported having
chemsex. Using sexualized drugs during intercourse or
parties may result in impaired judgement and reduce the
adherence to condom use; or it could increase the threshold
of pain, which may result in more trauma or injuries during
sexual intercourse, and therefore facilitate transmission of
various STIs, including viral hepatitis C. In our survey, among
MSM who used recreational drugs, a significant proportion
(34.4%) reported ever having slamming during the ques-
tionnaire interview. However, unlike the results from other
European studies, slamming was not associated with HCV
viremia in our study, which might be explained by fact that a
low rate of sharing needles (4.8%) among our participants
who injected recreational drugs. However, it is worth noting
that, despite this low rate of needle sharing in our cohort,
we still observed a high incidence rate of HCV infection (5.1
cases per 100 PYFU). Moreover, sharing needles or diluent
were still more frequent among with HCV-viremic group
than HCV-aviremic group in our study. While our findings
suggested that unprotected mucosal contact during high-
risk sexual intercourse might be a new driving factor of the
HCV epidemics among young MSM in Taiwan, vigilant sur-
veillance of parenteral route of HCV transmission remained
important for HCV prevention.
571
Our study has important clinical and public health impli-
cations when Taiwan has committed to HCV elimination by
2025.38 MSM, particularly PLWH, continue to have higher rates
of HCV infection and reinfection despite the implementation
of free-of-charge access to HCV testing and DAA treatment
program in Taiwan.18,25,27,28 Recent published studies sug-
gesting the annual incidence of HCV reinfection among
Taiwanese PLWH ranged from 4.0 to 9.8%, depending on the
observed populations.18,25,27,28 Similar studies in North
America and Europe also suggested high-risk MSM being the
most affected subpopulation in the era of DAA.37,39e41 The
findings of our study suggest that this subpopulation is unlikely
to benefit from traditional harm reduction programs for
people who inject drugs, in which clean injection equipment
is provided; instead, information, education and communi-
cation for HCV are needed to promote the awareness of HCV
being a sexually-transmitted as well as parenterally-
transmitted viral hepatitis among MSM. Our study also sug-
gested the risk behaviors associated with HCV acquisition
might be different among PLWH with or those without previ-
ous HCV infection in Taiwan. However, further studies are
warranted to confirm or explain these findings.

Our study had several limitations and the results should
be interpreted with necessary caution. First, our ques-
tionnaire interview only included those who were at high-
risk for HCV transmission. In this study, the incidence rate
of HCV viremia among these high-risk MSM was 5.1 per 100
PYFU. Our previous survey suggested that the risk for HCV



Table 3 Univariate and multivariable logistic regression
model for risk factors associated with HCV viremia.

Risk factors Univariate
analysis

Multivariate
analysis

Age, per 1-year
increase

0.96 (0.92e0.99)a 0.96
(0.93e1.003)

Being bisexual 1.86 (0.54e6.43)
Having bachelor’s

degree of above
1.56 (0.72e3.37)

History of STIs within
6 months

0.56 (0.32e1.00)

Prior HCV infection 1.57 (0.89e2.78)
Recreational drug u

se within past 12
months

2.92 (1.67e5.11)a 2.14

(1.16e3.96)a

Group sex within
past 12 months

3.12 (1.76e5.53)a 2.35

(1.26e4.40)a

Receptive condomless
anal intercourse
within past 12
months

1.92 (1.06e3.49)a 1.97

(1.07e3.62)a

Rimming within past
12 months

1.34 (0.76e2.36)

Sharing sex toys
during intercourse
within past 12
months

1.83 (0.89e3.79)

Anal bleeding after
anal intercourse
within past 12
months

1.12 (0.58e2.19)

Having HIV-positive
sex partners

1.80 (0.89e3.66)

a Statistically significant.
Abbreviations: HCV, hepatitis C virus; STI, sexually transmitted
infections.
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viremia was low to negligible (0 per 100 PYFU) among MSM
who did not meet the three inclusion criteria for pooled-
plasma HCV RNA testing.36 Therefore, the AOR for each
risky behavior in our study might be smaller as compared
with those of other studies including all HIV-positive MSM
regardless of risky behaviors. Second, we interviewed the
participants regarding their high-risk behaviors in the past
12 months at the enrolment of study; however, it was not
clear whether these behaviors remained unchanged and
affected the risk for contracting HCV similarly during the
follow-up. Third, the self-reported estimations of various
risk behaviors were also subjected to recall bias and the
participants might be reluctant to answer some questions
that were deemed sensitive. Moreover, some of the risky
sexual behaviors might be intercorrelated in this survey. For
example, those who participated in group sex were likely to
have more sexual partners. Therefore, including all
behavioral variables in the multivariable analysis would
create significant multicollinearity and affect the inter-
pretation of model. We performed a pair-wised analyses of
all behavioral variables to identify possible correlations
using Pearson or Spearman’s correlation coefficients. In the
572
event of significant correlation, only one of the inter-
correlated variables will be used in the model. Therefore,
some of the behavioral variables were excluded in this step
and were not evaluated in the logistic regression models
(see Figure S1 for the results of pair-wised correlation
coefficients).

In conclusion, our study found that use of recreational
drugs, group sex and condomless receptive anal intercourse
were associated with occurrences of HCV viremia among
high-risk HIV-positive MSM in Taiwan. While a high propor-
tion of participants reported having used recreational drugs
and slamming, sharing needles was an infrequent behavior
among our participants. These findings further underline the
importance of preventing unprotected sexual encounters as
the key to HCV harm reduction among MSM in Taiwan.
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