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ABSTRACT
Hepatitis C virus (HCV) reinfections after successful treatment with direct-acting antivirals (DAAs) pose a significant
challenge to HCV elimination, especially among high-risk people living with HIV (PLWH). In this study, PLWH who had
achieved HCV viral clearance with DAAs were included between January 2018 and June 2021. PLWH having acquired
HCV infections after 2017 were classified as “recent-infection group,” and those before 2017 as “remote-infection
group,” and the incidences of HCV reinfection were compared between two groups. Clinical and behavioural
characteristics were evaluated to identify associated factors with HCV reinfection. A total of 284 PLWH were included:
179 in the recent-infection group and 105 in the remote-infection group. After a median follow-up of 2.32 years
(interquartile range [IQR], 0.13–3.94), the overall incidence of HCV reinfection was 5.8 per 100 person-years of follow-
up (PYFU). The incidence in the recent-infection group was significantly higher than that in the remote-infection
group (9.8 vs. 0.4 per 100 PYFU, p < 0.001). The leading HCV genotypes before DAA treatment were genotypes 2
(31.0%), 1b (26.8%), and 6 (21.8%); however, genotype 6 (58.8%) became predominant upon reinfection. Younger age
(adjusted odds ratio [aOR] per 1-year increase, 0.95; 95% CI, 0.90–0.99), condomless receptive anal sex (aOR, 14.5;
95% CI, 2.37–88.8), rimming (aOR, 3.87; 95% CI, 1.14–13.1), and recent syphilis (aOR, 2.73; 95% CI, 1.26–5.91) were
linked to HCV reinfections. In conclusion, PLWH acquiring HCV after 2017 had a significantly higher risk for sexually-
transmitted HCV reinfections. The predominance of HCV genotype 6 reinfections suggests possible on-going
clustered HCV infections among at-risk PLWH.
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Introduction

In recent years, the development of direct-acting anti-
virals (DAAs) has revolutionized the treatment of
acute and chronic hepatitis C. DAAs are much more
tolerable and effective than interferon-based therapy.
Studies have demonstrated that DAAs achieve a very
high rate of sustained virologic response (SVR),
which is subsequently associated with reduced all-
cause mortality, liver-related complications and hepa-
tocellular carcinoma [1–3]. Moreover, the widespread
use of DAAs could also reduce circulating hepatitis C
virus (HCV) in the community and prevent incident
HCV infections [4]. In the United Kingdom, a study
in 2020 showed that HCV incidence had reduced by
68% since the epidemiological peak in 2015 [5]. Simi-
larly, acute HCV infection among HIV-positive men

who have sex with men (MSM) was reduced by 51%
with unlimited access to DAAs in the country [6].
With these clinical evidence, the World Health Organ-
ization (WHO) is now promoting HCV testing and
DAA treatment, to reduce new cases of viral hepatitis
by 90% and hepatitis-related deaths by 65% by 2030.

Despite the effectiveness of DAAs, the control and
elimination of HCV are still challenging. In 2015,
WHO estimated that 71 million people were suffering
from chronic hepatitis C globally, with 1.7 million
incident cases that year [7]. The global estimates in
2021 showed only a slightly reduced case number of
chronic hepatitis C to 58 million and that of new infec-
tions to 1.5 million [8]. In resource-limited settings,
access to testing and DAAs remains the most signifi-
cant obstacle to HCV elimination [9]. On the other
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hand, in countries with wider access to HCV testing
and DAAs, investigators have observed high rates of
HCV reinfection after successful clearance of HCV
among high-risk populations [10–16].

For people living with HIV (PLWH), many epide-
miological studies have demonstrated high rates of
HCV coinfection due to the shared risk factors, such
as sharing needles, syringes and diluent or unpro-
tected sexual contacts [10]. In clinical studies focusing
on HIV-positive MSM in different countries, the
annual rates of HCV reinfection after attaining SVR
ranged from 1.9% to 21.8% [11–16]. Major clinical
guidelines now recommend periodic testing for
HCV RNA to monitor potential HCV reinfections
among high-risk populations [17,18]. Therefore,
understanding the epidemiology of HCV reinfection
among these high-risk populations should be con-
sidered an integral part of the programme of HCV
elimination to achieve the WHO 2030 targets.

In this study, we aimed to estimate the rate of HCV
reinfection in the era of improved access to DAAs,
identify factors associated with HCV reinfection, and
describe the genetic linkage between these cases of
HCV reinfection.

Materials and methods

Study setting and design

In Taiwan, the National Health Insurance (NHI)
started to reimburse DAAs for patients with chronic
HCV in 2017. A previous study revealed that the annual
rate of HCV reinfection among PLWH who attained
SVR by either DAAs or interferon-based regimens
was 8.2 per 100 person-years of follow-up (PYFU)
(95% confidence interval [CI], 5.2–13.1) [19]. In 2019,
to achieve the WHO 2030 targets, the Taiwanese NHI
broadened the coverage of DAAs to include all patients
with HCV viremia, regardless of their chronicity. The
second course of DAA treatment can be reimbursed
for those with HCV relapses or reinfections following
the first course of DAA treatment in early 2021 [20].

This was a single-centre, retrospective cohort study
conducted at the National Taiwan University Hospital
(NTUH). PLWH with confirmed HCV viremia were
included if they had completed DAA therapy and
the end-of-treatment (EOT) assessment between 1st
January 2018 and 30th June 2021. In this study, suc-
cessful treatment with DAA was defined as those
who had achieved SVR 12 weeks after EOT; or those
who had undetectable HCV RNA at EOT but had a
rebound of HCV viremia with genotype switch before
attaining SVR assessment. PLWHs who did not meet
these two definitions were considered to have DAA
treatment failure and were excluded from our study.
Those who were lost to follow-up after the completion
of DAA were also excluded.

In this study, we hypothesized that PLWH who had
recently acquired HCV were more likely to continue
their high-risk behaviours after DAA treatment.
Therefore, the included PLWH were classified as
“recent-infection group” and “remote-infection
group” according to their timing of HCV infection.
The recent-infection group comprised those who
had seroconversion of anti-HCV antibodies after
2017 when NHI in Taiwan started to reimburse
DAAs; or those who had new episodes of HCV vire-
mia after 2017. On the other hand, those who had
HCV viremia before 2017 and those who had indeter-
minate chronicity of HCV viremia were classified as
the remote-infection group. Participants in both
groups were followed from the EOT of DAA treat-
ment until their first confirmed HCV viremia, death,
loss to follow-up, or the end of the observation period
(defined as 31st December 2021), whichever occurred
first.

Medical records of all included PLWH were
reviewed retrospectively to collect information on
demographic and clinical characteristics. According
to the national HIV treatment guidelines in Taiwan,
PLWHs were followed at the hospital every 3 months,
and laboratory tests were performed every 3–6
months, including plasma HIV RNA load (PVL),
CD4 cell count, renal function, liver function, lipid
profile and serum glucose level. The Research Ethics
Committee of NTUH approved the study design
(registration numbers: 201605103RINC and
201605128RINC) and waived the need for informed
consent for the retrospective collection of clinical
information.

Laboratory investigations of HCV infection
during follow-up

To detect HCV reinfection, PLWH underwent testing
for plasma HCV RNA periodically after completing
their DAA treatment. During the observation period
between June 2019 and December 2021, pooled
plasma HCV RNA testing was performed every 3
months to detect HCV viremia [21]. In short, plasma
samples from 20 individuals were pooled together for
HCV RNA testing, and subsequent testing of mini-
pools consisting of 5 samples would be performed if
the initial testing was positive; and testing of individ-
ual samples would be performed for the mini-pooled
samples tested positive for HCV RNA. Those who
were not included in the pooled plasma HCV RNA
testing also tested for HCV RNA every 3–6 months
after completing DAA treatments according to the
Taiwanese HIV treatment guidelines. The plasma
HCV RNA and genotyping were performed using
the Roche Cobas 6800 system (AmpliPrep HCV
Test, v2.0, Roche, USA), with a detection limit of 15
IU per milliliter.
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For PLWH who participated in the pooled-plasma
HCV RNA testing study and had their plasma samples
collected during the observation period, phylogenetic
analysis was performed to determine the genetic relat-
edness with HCV NS5B gene sequences. DNA sequen-
cing of a 366-base fragment covering partial NS5B
gene (nucleotides 8294–8629 of HCV reference strain
H77) was amplified by the polymerase-chain reaction.
Sequences obtained were then aligned using the
MUSCLE algorithm [22]. The tree was then con-
structed by the neighbour-joining method with the
Tajima-Nei pairwise distances in the MEGAX soft-
ware (version 10.1.8). The time scale of phylogenetic
tree was constructed using the best-fitting root using
the heuristic residual mean squared function of Tem-
pEst software (version 1.5.3).

Questionnaire interviews for behavioural
characteristics

PLWHs who participated in the pooled-plasma HCV
RNA testing study were also invited to participate in
a face-to-face questionnaire interview to inquire into
the behaviours that might increase the risk of acquir-
ing HCV, including the use of illicit or injecting drugs,
unsafe sexual practices, number of sexual partners,
and the frequency of condom use in sexual contacts.
The study of pooled plasma HCV RNA testing and
behavioural questionnaire interviews were approved
by the Research Ethics Committee of NTUH (regis-
tration number: 201904086RIPB), and each partici-
pant in this substudy provided written informed
consent.

Statistical analysis

Comparisons of demographic and clinical character-
istics were made between the recent- and remote-
infection groups. Non-categorical variables were com-
pared using Student’s t-test or Mann–Whitney U-test,
and categorical variables were compared using the chi-
square test or Fisher’s exact test. The incidences of
HCV reinfection in the recent- and remote-infection
groups were calculated separately and compared.

To identify potential factors associated with HCV
reinfections, we constructed two multivariate logistic
regression models with different demographic, clinical
and behavioural factors. The first multivariate model
included all PLWH and assessed the association
between different demographic or clinical factors
and the subsequent occurrences of HCV reinfection.
A backward elimination process was used during the
multivariate analyses, in which all possible demo-
graphic 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. In the second model,
only PLWH who participated in questionnaire inter-
views were included, and we started with the behav-
ioural risk factors and the relevant clinical factors in
the previous model. A similar backward elimination
process was performed until all factors in the model
had a p-value of <0.2. All statistical analyses were per-
formed using STATA software v.14.0 S/E (StataCorp
LP, College Station, TX). All p-values were two-sided.

Results

During the 4-year study period, 293 PLWH received
DAAs for HCV infection at NUTH. A total of 284
PLWH who had successfully treated with DAAs
were included in our study, with 179 being infected
with HCV after 2017 (the recent-infection group)
and 105 being otherwise classified in the remote-infec-
tion group (Figure 1). The recent-infection group had
contributed 335.87 PYFU with a median follow-up of
1.7 years (interquartile range [IQR], 1.2–2.6), while
the remote-infection group contributed 250.32
PYFU (median, 2.5 years; IQR, 2.2–2.7).

Baseline characteristics of the two groups are
shown in Table 1. Compared to those in the
remote-infection group, PLWH in the recent-infec-
tion group were significantly younger (mean age,
36.6 vs. 42.2 years); more likely to have recent syphilis
within 3 months (45.3% vs. 18.1%), to be MSM
(89.9% vs. 72.4%) and to have received multiple
courses of HCV treatments (12.8% vs. 2.9%); and
had shorter follow-up duration (median, 1.7 vs. 2.5
years). For those who participated in the behavioural
questionnaire interviews, there was no statistically
significant difference in terms of risky sexual prac-
tices between these two groups (Table 1). During
the observation period, 34 episodes of HCV reinfec-
tion were documented in our cohort, with 33 cases
in the recent-infection group and 1 case in the
remote-infection group. The overall incidence rate
of HCV reinfection for the entire cohort was 5.8
per 100 PYFU (95% CI, 4.1–8.1). The incidence was
significantly higher in the recent-infection group
(9.8 per 100 PYFU; 95% CI, 7.0–13.8) than in the
remote-infection group (0.4 per 100 PYFU; 95% CI,
0.1–2.83) (p < 0.001). In the Kaplan-Meier survival
analysis, there was also a significant difference
between the two groups (Figure 2).

Factors associated with HCV reinfection

Of all 34 cases of HCV reinfection, 32 (94.1%)
occurred in MSM and 2 (5.9%) in injecting drug
users (IDUs); and the incidence rates were 7.0 and
2.4 per 100 PYFU for MSM and IDUs, respectively,
with an incidence rate ratio of 2.91 (95% CI, 0.7–
25.1, p = 0.056).
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To further understand the clinical and behavioural
factors associated with HCV reinfection in the recent-
infection group, we established two multivariate logis-
tic models. The first model included all PLWH and
assessed the impact of demographic and clinical fac-
tors, while the second focused on the behavioural fac-
tors and included only those who responded to the
behavioural questionnaire interviews (Table 2). In
the first model, the only demographic and clinical fac-
tors associated with HCV reinfection were recent
syphilis (adjusted odds ratio [aOR], 2.73; 95% CI,
1.26–5.91) and age (aOR per 1-year increase, 0.95;
95% CI, 0.90–0.99).

In the second model, only 138 PLWH who partici-
pated in the behavioural questionnaire interviews (111
[62.0%] in the recent-infection group and 27 [25.7%]
in the remote-infection group) were included. In the
final model, only condomless receptive anal sex
(aOR, 14.5; 95% CI, 2.37–88.8) and rimming (aOR,
3.87; 95% CI, 1.14–13.1) were linked to HCV

Figure 1. Study flow.
Abbreviations: PLWH, people living with HIV; HCV, hepatitis C; DAA, direct-acting antivirals.

Table 1. Baseline Characteristics of the included people living
with HIV who had HCV coinfection.

Baseline Characteristics

Recent-infection
group

(n = 179)

Remote-
infection group

(n = 105)
p-

value

Age, mean (SD), years 36.6 (7.8) 42.2 (10.5) <0.001
Male sex, n (%) 179 (100) 102 (97.1) 0.05
Risk group for HIV
infection

<0.001

Men who have sex
with men, n (%)

161 (89.9) 76 (72.4)

Injecting drug users, n
(%)

11 (6.1) 19 (18.1)

Having received
multiple (≥2) courses
of HCV treatments
prior to this study, n
(%)

23 (12.8) 3 (2.9) <0.001

Duration of follow-up,
median (IQR), years,

1.7 (1.2–2.6) 2.5 (2.2–2.7) <0.001

Syphilis within 6
months, n (%)

81 (45.3) 19 (18.1) <0.001

HBsAg positivity, n (%) 16 (8.9) 8 (7.6) 0.44
Baseline plasma HIV
RNA load, median
(IQR), log10 copies/ml

1.3 (1.3–1.3) 1.3 (1.3–1.3) 0.68

Baseline CD4 counts,
mean (SD), cells/mm3

605 (229) 606 (305) 0.97

Baseline HCV RNA
before treatment,
median (IQR) log10
IU/ml

6.5 (5.6–7.1) 6.8 (6.3–7.1) 0.04

Available results on the behavioural risk factors
“Slamming,” n (%) 19/111 (17.1) 3/27 (11.1) 0.57
Condomless receptive
anal sex, n (%)

68/111 (61.3) 11/27 (40.7) 0.05

Condomless insertive
anal sex, n (%)

59/111 (53.2) 14/27 (51.9) 0.90

“Rimming,” n (%) 39/111 (35.1) 11/27 (40.7) 0.59
Sharing dildos, n (%) 14/111 (12.6) 4/27 (14.8) 0.75
Having HIV-positive
partners, n (%)

73/111 (65.8) 16/27 (59.3) 0.87

Notes: Recent-infection group comprised those who had seroconversion
of anti-HCV antibodies after 2017 when DAAs were reimbursed by the
National Health Insurance in Taiwan; or those who had new episodes
of HCV viremia after 2017. Those who had HCV viremia before 2017
and those who had indeterminate chronicity of HCV viremia were
classified as the remote-infection group. One hundred eleven patients
(62.0%) in the recent-infection group and 27 (25.7%) in the remote-
infection group participated in questionnaire interviews to inquire
into the behavioural risk factors for acquiring HCV.

Abbreviations: HCV, hepatitis C; HBsAg, hepatitis B surface antigen; IQR,
interquartile range; SD, standard deviation.

Figure 2. Kaplan-Meier estimates showing the cumulative
rates of hepatitis C reinfection after completing DAA treat-
ments for the recent-infection group and remote-infection
group.
Abbreviations: HCV, hepatitis C virus; EOT, end-of-treatment.
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reinfections among PLWH who had been successfully
treated with DAAs.

Evolution of HCV genotypes and phylogenetic
analysis in HCV reinfections

The distributions of HCV genotypes of the previous
episodes of HCV viremia and recurrent episodes
during follow-up are depicted in Figure 3. On
inclusion into this study, the most commonly found
HCV genotypes included genotypes 2 (31.0%), 1b
(26.8%), 6 (21.8%), and 1a (13.7%). This distribution
was similar between recent- and remote-infection
groups. However, when HCV reinfections occurred,
the proportion of genotype 6 significantly increased
to 58.8% (20/34; p < 0.001), with the majority occur-
ring in MSM (19 of 20 [95.0%] of genotype 6 reinfec-
tions). Furthermore, we successfully sequenced the
HCV NS5B gene from 58 samples of HCV genotype
6 (44 from samples collected on study inclusion and
14 on reinfection episodes). We then performed a
phylogenetic analysis with these available HCV
sequences, and the results revealed two major clades
of genotype 6a and a small number of genotype 6n
infections. Interestingly most reinfections with

genotype 6a belonged to the clade that was unrelated
to those sequences of HCV genotype 6 identified
from IDUs (Figure 4).

Discussion

In this study, the overall rate of HCV reinfection was
5.8 per 100 PYFU (95% CI, 4.1–8.1) in the era of
improved access to DAAs between 2018 and 2021,
which was lower than that (8.2 per 100 PYFU; 95%
CI, 5.2–13.1) observed in our previous study between
2011 and 2018, in which PLWH in interferon/riba-
virin and early DAA eras were included [19]. How-
ever, we also demonstrated a significantly higher
incidence rate of HCV reinfection (9.8 per 100
PYFU; 95% CI, 7.0–13.8) among PLWH who acquired
HCV after 2017 (the recent-infection group) than that
among those in the remote-infection group.

The difference in the incidence rates of HCV rein-
fection between these two groups should be inter-
preted with caution, as the baseline characteristics
were not balanced. In our study, PLWH in the
recent-infection group were significantly younger
and more likely to be MSM and had a higher pro-
portion of recent syphilis before the enrolment. It is
expected that our recent- and remote-infection groups
comprised different key populations of Taiwanese
PLWH. Those in the recent-infection group were
young MSM who were more likely to engage in risky
sexual behaviours and thus were at higher risks of
sexually transmitted infections (STIs), including
HCV infection. The differences in baseline character-
istics probably contributed to the significantly higher
rate of HCV reinfection in the recent-infection
group. The hypothesis is supported by the fact that,
in multivariate analysis, HCV reinfection was linked
to recent syphilis (aOR, 2.73; 95% CI, 1.26–5.91) and
younger age (aOR per 1-year increase, 0.95; 95% CI,
0.90–0.99), but not injecting drug use (Table 2). Fur-
thermore, HCV reinfection in our study was also
associated with high-risk sexual practices such as con-
domless receptive anal intercourse (aOR, 14.5; 95% CI,
2.37–88.8) and rimming (aOR, 3.87; 95% CI, 1.14–
13.1). Past studies have already demonstrated detect-
able HCV RNA in the semen and rectal fluid of
HCV viremic patients [23,24], and mucosal breakage
from concomitant STIs such as syphilis might facili-
tate the transmission of HCV.

The differences between PLWH in the recent-infec-
tion group and those in the remote-infection group
imply how the epidemiology of HCV has evolved
among Taiwanese PLWH. Traditionally, IDUs had
been considered he highest risk of acquiring HCV
among Taiwanese PLWH, especially from sharing syr-
inges, needles or diluents [25,26]. However, HIV
transmission among Taiwanese IDUs has drastically
decreased with the sustained implementation of a

Table 2. Multivariate analysis of factors associated with
hepatitis C reinfections.

Risk factors
Univariate analysis,

OR (95% CI)
Multivariate analysis,
adjusted OR (95% CI)

Model 1: demographic and clinical characteristics (n = 284)
Age, per 1-year
increase

0.94 (0.90–0.99) 0.95 (0.90–0.99)*

Injecting drug users 0.53 (0.12–2.35)
Having received
multiple (≥2) HCV
treatments before
this enrolment

0.29 (0.04–2.24)

Recent syphilis within 3
months

3.09 (1.45–6.55) 2.73 (1.26–5.91)*

Plasma HIV RNA at
enrolment, per 1-
log10 increase

0.22 (0.02–2.71) 0.16 (0.01–2.31)

CD4 cell count at
enrolment, per 1-cell
increase

1.00 (0.999–1.002)

HBsAg positivity 0.69 (0.15–3.10)
Model 2: clinical characteristics and behavioural risk factors (n = 138)
Age, per 1-year
increase

0.94 (0.90–0.99) 0.93 (0.86–1.02)

Recent syphilis within 3
months

3.09 (1.45–6.55) 2.74 (0.86–8.74)

Plasma HIV RNA at
enrolment, per 1-
log10 increase

0.22 (0.02–2.71)

“Slamming” 1.15 (0.30–4.39)
Condomless receptive
anal sex

6.68 (1.46–30.5) 14.5 (2.37–88.8)*

Condomless insertive
anal sex

1.32 (0.47–3.68) 0.37 (0.10–1.42)

“Rimming” 2.20 (0.79–6.11) 3.87 (1.14–13.1)*
Sharing dildos 0.38 (0.05–3.07) 0.17 (0.02–1.62)
Having HIV-positive
partners,

0.91 (0.31–2.62)

Abbreviations: OR, odd ratio; 95% CI, 95% confidence interval; HBsAg,
hepatitis B surface antigen.

*Statistically significant in multivariate models.
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harm reduction programme since 2005. In 2005, when
the outbreak of HIV infection among IDUs reached its
peak, 45.1% (1543/3422) of newly-diagnosed HIV
cases reported to Taiwan Centers for Disease Control
occurred among IDUs, which has significantly

declined to 1.6% (17/1247) in 2021 [27]. Therefore,
while PLWH in the recent-infection group, mostly
high-risk MSM continued their risky sexual beha-
viours and were at higher risk for HCV reinfections,
the risk for HCV reinfections after DAA treatment

Figure 3. Evolution of HCV genotype distribution of the cohort.
Abbreviations: GT, genotypes; HCV, hepatitis C virus.

Figure 4. Phylogenetic analysis using NS5B gene sequences from 58 available HCV genotype 6 infections (44 samples collected
from people living with HIV at the inclusion of this study and 14 from those with reinfection episodes) in our cohort. The results
showed two major clades of HCV genotype 6a and a small number of genotype 6n infections in our cohort. HCV from injecting
drug users (IDUs) and people living with HIV who had reinfections (reinfections) are marked black in the corresponding columns.
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among IDUs who were remotely infected with HCV
and engaged in HIV and HCV care had significantly
reduced.

Our study is the first to observe the expansion of
HCV genotype 6 among PLWH who were MSM and
had HCV reinfections. In previous studies, HCV gen-
otype 6 infections mainly occurred in IDUs in Taiwan
and several Asian-Pacific countries [28–30], but our
new findings suggested HCV genotype 6 might have
circulated among MSM with high-risk sexual prac-
tices. In Taiwan, studies before 2005 universally
demonstrated a very low prevalence of HCV genotype
6 in the general population [31,32]. After the outbreak
of HIV and HCV among IDUs in 2005, studies have
shown that the seroprevalence of HCV genotype 6
had increased to 5%–10% in the general population
[33,34]. In terms of PLWH, the prevalence of HCV
genotype 6 was around 20%–30%, which also was
likely associated with IDUs who had HIV coinfection
[35–37]. However, results from our phylogenetic
analysis revealed that most reinfections with genotype
6a were linked to the clade that was unrelated to those
HCV NS5B sequences from IDUs (Figure 4). With our
observation, we are concerned that the key demo-
graphics of HCV genotype 6 infection might have
shifted from IDUs to MSM in Taiwan. The exact
routes by how genotype 6 had spread from Taiwanese
IDUs to the MSM population remain speculative.
Possibly, there were individuals who shared these
two risks (condomless anal intercourse and injection
drug use) for HIV and HCV transmission and served
as the bridge of transmitting genotype 6 from one
population to another. Recently, the increase of “slam-
ming” and “chemsex” among the MSM community in
Taiwan have raised significant concerns. In our behav-
ioural questionnaire interviews, around 20% of the
participants reported experiences of “slamming”
during parties or dates. Limited by our small case
number, this speculation warrants confirmation by
more clinical and epidemiologic studies, in Taiwan
and other Asian-Pacific countries, as this region is fre-
quently considered the epidemic centre of HCV geno-
type 6 worldwide.

Our study had several limitations, and our findings
should be interpreted with necessary caution. Firstly,
our study focused on HIV-positive MSM who had
been receiving HIV care in our hospital, and the
results could only be better explained under the con-
text of HIV/HCV epidemiology in Taiwan. The differ-
ence in the incidences of HCV reinfection observed
between the recent- and remote-infection groups
might not be applicable in other populations or
countries. Therefore, our findings may not be general-
izable to key people in other geographic regions. Our
findings highlighted the importance of epidemiologi-
cal studies at the local level, which might improve
our understanding of HCV epidemiology and inform

the policies to achieve HCV elimination. Secondly, the
proportion of participation in the pooled-plasma
HCV RNA testing study and behavioural question-
naires was not balanced between the two groups. In
the recent-infection group, 62.0% of included PLWH
participated in the pooled-plasma HCV RNA testing
study and responded to the behavioural question-
naires, as compared to only 25.7% in the remote infec-
tion group. Therefore, the interpretation of risk factors
in the remote-infection group should be cautious as
they were under-represented. Moreover, as the partici-
pants in the pooled-plasma HCV RNA testing study
tested for HCV viremia regularly every 3 months,
the incidence rate in the remote-infection group
might be underestimated due to the lower testing fre-
quency. Furthermore, since using illicit drugs is a
criminal offense in Taiwan, IDUs who had been remo-
tely infected with HCV and were able to attend our
clinics regularly might be at an even lower risk of
repeating their risk behaviours. This selection bias
might also lead to underestimating the reinfection
rate among IDUs in our study.

Our study found a high rate of HCV reinfection
among PLWH who acquired HCV after 2017, com-
paredwith those whoseHCV infection occurred before
2017. Instead of injecting drug use, these episodes of
HCV reinfections were associated with high-risk sex-
ual behaviours among MSM. The predominance of
HCV genotype 6 reinfections suggested on-going clus-
tered HCV infections among at-risk PLWH.

Disclosure statement

C.C. Hung has received research support from Merck,
Gilead Sciences, and ViiV and speaker honoraria from
Gilead Sciences and ViiV, and served on advisory boards
for Gilead Sciences and ViiV. H.Y. Sun has received
research support from Gilead Sciences. Other authors
have no competing interest to disclose.

Funding

This work is supported by the National Taiwan University
Hospital, Taipei, Taiwan [grant numbers NTUH-106-
003347, NTUH-108-004310, and NTUH-109-004472]; and
Gilead Sciences [grant number IN-US-987-5797] (the
NoCo Study).

ORCID

Dr. Guan-Jhou CHEN https://orcid.org/0000-0002-1310-
4648
Hsin-Yun Sun http://orcid.org/0000-0003-0074-7721
Szu-Min Hsieh http://orcid.org/0000-0002-1879-4086

References

[1] Veldt BJ, Heathcote EJ, Wedemeyer H, et al. Sustained
virologic response and clinical outcomes in patients

EMERGING MICROBES & INFECTIONS 1233

https://orcid.org/0000-0002-1310-4648
https://orcid.org/0000-0002-1310-4648
http://orcid.org/0000-0003-0074-7721
http://orcid.org/0000-0002-1879-4086


with chronic hepatitis C and advanced fibrosis. Ann
Intern Med. 2007;147:677–684.

[2] Kanwal F, Kramer J, Asch SM, et al. Risk of hepatocel-
lular cancer in HCV patients treated with direct-acting
antiviral agents. Gastroenterology. 2017;153:996–
1005.e1.

[3] Knop V, Hoppe D, Welzel T, et al. Regression of fibro-
sis and portal hypertension in HCV-associated cirrho-
sis and sustained virologic response after interferon-
free antiviral therapy. J Viral Hepat. 2016;23:994–
1002.

[4] Harris RJ, Harris HE, Mandal S, et al. Monitoring the
hepatitis C epidemic in England and evaluating inter-
vention scale-up using routinely collected data. J Viral
Hepat. 2019;26:541–551.

[5] Boerekamps A, van den Berk GE, Lauw FN, et al.
Declining hepatitis C virus (HCV) incidence in
Dutch human immunodeficiency virus-positive men
who have sex with men after unrestricted access to
HCV therapy. Clin Infect Dis. 2018;66:1360–1365.

[6] Garvey LJ, Cooke GS, Smith C, et al. Decline in hepa-
titis C virus (HCV) incidence in men who have sex
with men living with human immunodeficiency
virus: progress to hcv microelimination in the
United Kingdom? Clin Infect Dis. 2021;72:233–238.

[7] Global Hepatitis Report 2017 [Internet]. Geneva:
World Health Organization; [cited 10th January
2022]. Available from: https://www.who.int/
publications/i/item/global-hepatitis-report-2017.

[8] Hepatitis C Fact Sheet [Internet]. Geneva: World
Health Organization; [cited 10th January 2022].
Available from: https://www.who.int/news-room/
fact-sheets/detail/hepatitis-c.

[9] Nakitanda AO, Montanari L, Tavoschi L, et al.
Hepatitis C virus infection in EU/EEA and United
Kingdom prisons: opportunities and challenges for
action. BMC Public Health. 2020;20:1670.

[10] Matthews G V, Dore GJ. HIV and hepatitis C coinfec-
tion. J Gastroenterol Hepatol. 2008;23:1000–1008.

[11] Lambers FAE, Prins M, Thomas X, et al. Alarming
incidence of hepatitis C virus re-infection after treat-
ment of sexually acquired acute hepatitis C virus infec-
tion in HIV-infected MSM. AIDS. 2011;25:F21–F27.

[12] Martin TCS, Rauch A, Salazar-Vizcaya L, et al.
Understanding and addressing hepatitis C virus rein-
fection among men who have sex with men. Infect
Dis Clin North Am. 2018;32:395–405.

[13] Ingiliz P, Wehmeyer MH, Boesecke C, et al.
Reinfection with the hepatitis C virus in men who
have sex with men after successful treatment with
direct-acting antivirals in Germany: current incidence
rates, compared with rates during the interferon era.
Clin Infect Dis. 2020;71:1248–1254.

[14] Martin TCS, Martin NK, Hickman M, et al. Hepatitis
C virus reinfection incidence and treatment outcome
among HIV-positive MSM. AIDS. 2013;27:2551–2557.

[15] Ingiliz P, Martin TC, Rodger A, et al. HCV reinfection
incidence and spontaneous clearance rates in HIV-
positive men who have sex with men in Western
Europe. J Hepatol. 2017;66:282–287.

[16] Hagan H, Jordan AE, Neurer J, et al. Incidence of
sexually transmitted hepatitis C virus infection in
HIV-positive men who have sex with men. AIDS.
2015;29:2335–2345.

[17] HCV guidance: recommendations for testing, mana-
ging, and treating hepatitis [Internet]. American
Association for the Study of Liver Diseases,

Infectious Disease Society of America; [cited 10th
January 2022]. Available from: https://www.
hcvguidelines.org/.

[18] EASL recommendations on treatment of hepatitis C:
Final update of the series. J Hepatol. 2020;73:1170–
1218.

[19] Huang M-H, Chang S-Y, Liu C-H, et al. HCV reinfec-
tions after viral clearance among HIV-positive
patients with recent HCV infection in Taiwan. Liver
Int. 2019;39:1860–1867.

[20] Huang M-H, Sun H-Y, Ho S-Y, et al. Recently
acquired hepatitis C virus infection among people liv-
ing with human immunodeficiency virus at a univer-
sity hospital in Taiwan. World J Gastroenterol.
2021;27:6277–6289.

[21] Sun H-Y, Chiang C, Huang S-H, et al. Three-stage
pooled-plasma HCV RNA testing for the identifi-
cation of acute HCV infections in at-risk populations.
Microbiol Spectr [accepted].

[22] Edgar RC. MUSCLE: multiple sequence alignment
with high accuracy and high throughput. Nucleic
Acids Res. 2004;32:1792–1797.

[23] Chromy D, Schmidt R, Mandorfer M, et al. Hepatitis
C virus rna is commonly detectable in rectal and
nasal fluids of patients with high viremia. Clin Infect
Dis. 2020;71:1292–1299.

[24] Turner SS, Gianella S, Yip MJ-S, et al. Shedding of
hepatitis C virus in semen of human immunodefi-
ciency virus-infected men. Open Forum Infect Dis.
2016;3:ofw057.

[25] Hsu C-S, Kao J-H. HIV/HCV coinfection in Taiwan.
AIDS Rev. 2016;18:193–197.

[26] Li C-W, Yang C-J, Sun H-Y, et al. Changing seropre-
valence of hepatitis C virus infection among HIV-
positive patients in Taiwan. PLoS One. 2018;13:
e0194149.

[27] HIV Statistics [Internet]. Taipei: Taiwan Centers for
Disease Control; [cited 2022 Jan 15]. Available from:
https://www.cdc.gov.tw/Category/Page/
rCV9N1rGUz9wNr8lggsh2Q.

[28] Jang T-Y, Liang P-C, Liu T-W, et al. Genotype dis-
tribution, clinical characteristics, and racial differ-
ences observed in chronic hepatitis C patients in
Pingtung, Taiwan. J Chinese Med Assoc.
2021;84:255–260.

[29] Thong VD, Akkarathamrongsin S, Poovorawan K,
et al. Hepatitis C virus genotype 6: virology, epide-
miology, genetic variation and clinical implication.
World J Gastroenterol. 2014;20:2927–2940.

[30] Sun H-Y, Cheng C-Y, Lin C-Y, et al. Real-world effec-
tiveness of direct-acting antivirals in people living with
human immunodeficiency virus and hepatitis C virus
genotype 6 infections. World J Gastroenterol.
2022;28:1172–1183.

[31] Kao J-H, Chen P-J, Lai M-Y. Genotypes of hepatitis C
virus in Taiwan and the progression of liver disease. J
Clin Gastroenterol. 1995;21:233–237.

[32] Wu C-H, Lee M-F, Kuo H-S. Distribution of hepatitis
C virus genotypes among blood donors in Taiwan. J
Gastroenterol Hepatol. 1997;12:625–628.

[33] Liu C-H, Chen P-Y, Chen J-J, et al. Sofosbuvir/velpa-
tasvir for patients with chronic hepatitis C virus infec-
tion and compensated liver disease: real-world data in
Taiwan. Hepatol Int. 2021;15:338–349.

[34] Huang C-F, Kuo H-T, Chang T-S, et al. Nationwide
registry of glecaprevir plus pibrentasvir in the treat-
ment of HCV in Taiwan. Sci Rep. 2021;11:23473.

1234 G.-J. CHEN ET AL.

https://www.who.int/publications/i/item/global-hepatitis-report-2017
https://www.who.int/publications/i/item/global-hepatitis-report-2017
https://www.who.int/news-room/fact-sheets/detail/hepatitis-c
https://www.who.int/news-room/fact-sheets/detail/hepatitis-c
https://www.hcvguidelines.org/
https://www.hcvguidelines.org/
https://www.cdc.gov.tw/Category/Page/rCV9N1rGUz9wNr8lggsh2Q
https://www.cdc.gov.tw/Category/Page/rCV9N1rGUz9wNr8lggsh2Q


[35] Ho S-Y, Su L-H, Sun H-Y, et al. Trends of recent hepa-
titis C virus infection among HIV-positive men who
have sex with men in Taiwan, 2011-2018. E Clinical
Med. 2020;24:100441.

[36] Liu J-Y, Lin H-H, Liu Y-C, et al. Extremely high
prevalence and genetic diversity of hepatitis C

virus infection among HIV-infected injection drug
users in Taiwan. Clin Infect Dis. 2008;46:1761–
1768.

[37] Cheng C-Y, Ku S-Y, Lin Y-C, et al. Incidence and risk
factors of reinfection with HCV after treatment in
people living with HIV. Viruses. 2022;14:439.

EMERGING MICROBES & INFECTIONS 1235


	Abstract
	Introduction
	Materials and methods
	Study setting and design
	Laboratory investigations of HCV infection during follow-up
	Questionnaire interviews for behavioural characteristics
	Statistical analysis

	Results
	Factors associated with HCV reinfection
	Evolution of HCV genotypes and phylogenetic analysis in HCV reinfections

	Discussion
	Disclosure statement
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


