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Objective: Reinfection poses a challenge to hepatitis C virus (HCV) elimination. This

analysis assessed incidence of, and factors associated with reinfection among people

treated for recent HCV (duration of infection <12months).

Methods: Participants treated for recent HCV (primary infection or reinfection) in an

international randomized trial were followed at 3-monthly intervals for up to 2 years to

assess for reinfection. Reinfection incidence was calculated using person-time of

observation. Factors associated with HCV reinfection were assessed using Cox propor-

tional hazards regression analysis.

Results: Of 222 participants treated for recent HCV, 196 (62% primary infection, 38%

reinfection) were included in the cohort at risk for reinfection, of whom 87% identified

as gay or bisexual men, 71% had HIV and 20% injected drugs in the month prior to

enrolment. During 198 person-years of follow-up, 28 cases of HCV reinfection were

identified among 27 participants, for an incidence of 14.2 per 100 person-years [95%

confidence interval (CI) 9.8–20.5]. Reinfection was associated with prior HCV rein-

fection [adjusted hazards ratio (aHR) 2.42; 95% CI 1.08–5.38], injection drug use

posttreatment (aHR 2.53; 95% CI 1.14–5.59), condomless anal intercourse with casual

male partners (aHR 3.32; 95% CI 1.14–9.65) and geographic region (United Kingdom,

aHR 0.21; 95% CI 0.06–0.75). Among gay and bisexual men (GBM), reinfection was

also associated with sexualized drug use involving injecting posttreatment (aHR 2.97;

95% CI 1.10–8.02).
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Conclusion: High reinfection incidence following treatment for recent HCV among
people with ongoing sexual and drug use risk behaviour highlights the need for posttreat-
ment surveillance, rapid retreatment of reinfectionand targetedharm reduction strategies.

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.
AIDS 2023, 37:1883–1890
Keywords: acute, gay and bisexual men, hepatitis C virus, HIV, people who
inject drugs
Introduction

Globally, 57 million people are living with hepatitis C
virus (HCV) infection, with 1.5 million newly infected
each year [1,2]. Key populations include people who
inject drugs (PWID) and gay and bisexual men (GBM)
with HIV [3–5]. The WHO 2030 elimination targets
include an 80% reduction in HCV incidence, with a
specific target among PWID [1].With no vaccine, direct-
acting antiviral (DAA) therapy and optimized prevention
will be the foundation for elimination efforts.

Reinfection may pose a challenge to elimination [6,7].
Posttreatment HCV reinfection incidence has been
estimated at four to six per 100 person-years among
people with HIV [8], GBM with HIV [8] and people
reporting recent injection drug use [9]. However, most
studies have been among people treated for chronic HCV,
with limited exploration in the context of recent HCV
and contemporary sexual and drug use behaviours [10].
The objectives of this analysis were to assess the incidence
of, and factors associated with reinfection among people
treated for recent HCV infection.
Methods

Design
The Recently Acquired HCV Infection Trial (REACT)
was a randomized trial evaluating efficacy of sofosbuvir-
velpatasvir for 6 or 12weeks among people with recent
HCV (duration of infection <12months) [11].

Posttreatment visits (including HCV RNA testing)
occurred 3-monthly up to 2 years to evaluate treatment
response and assess reinfection. Participantswith detectable
HCV RNA after end of treatment had more intensive
follow-up with monthly visits for 6 months. Retreatment
could be offered at the discretion of the investigator.

Participants completed behavioural questionnaires at
pretreatment and posttreatment visits, including demo-
graphics, HIV and drug treatment history, drug use
behaviours (injection and noninjection), testing and
diagnosis of sexually transmitted infections and sexual
behaviours [GBM only; casual male partners, condomless
yright © 2023 Wolters Kluwer Hea
anal intercourse, group sex, sexualized drug use
(‘chemsex’)].

Definitions, population and outcomes
Participants were included in this analysis if they received
recent HCV treatment, had end of treatment response
and at least one posttreatment assessment for HCV
reinfection. The primary outcome was reinfection
following treatment. End of treatment response was
HCV RNA below lower limit of quantitation (LLoQ)
and SVR12 HCV RNA below LLoQ at least 12weeks
posttreatment. Reinfection was defined by: presence of
quantifiable HCV RNA after end of treatment response
with detection of HCV strain distinct from primary
infecting strain (heterologous virus on sequencing) or
presence of quantifiable HCV RNA after SVR12 (with
or without sequence data) [12,13]. For HCV RNA
testing and sequencing methodology, see Supplementary
Material, http://links.lww.com/QAD/C931.

Statistical analysis
Reinfection incidencewas calculated using person-time of
observation and reported as numberof reinfections per 100
person-years follow-up. Confidence intervals (CI) were
calculated using Poisson distribution. Date of HCV
reinfection was estimated as mid-point between last
negative HCV RNA posttreatment and first positive
HCV RNA posttreatment [14]. Time at risk commenced
at end of treatment, andwas censored at date of reinfection,
death, loss to follow-up, or last negative HCV RNA.

Cox proportional hazards regression analysis was used to
estimate hazard ratios and 95% CIs to evaluate factors
associated with reinfection, using time-dependent cov-
ariates for behavioural factors. Population attributable risk
and 95% CIs were calculated to quantify the proportional
reduction expected in number of HCV reinfections if a
modifiable risk factor (identified in the adjusted Cox
models) was eliminated. Analysis was performed using
STATA (StataCorp, College Station, Texas, USA).
Results

Participant disposition
Between March 2017 and July 2019, 222 participants
with recent HCV commenced sofosbuvir-velpatasvir,
lth, Inc. All rights reserved.
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with 196 (88%) included in population at risk for
reinfection (Supplementary Figure 1, http://links.lww.
com/QAD/C931). Following treatment, 189 (85%)
achieved end of treatment response, 22 (10%) had no
posttreatment follow-up and 11 (5%) had virological
failure. Of 11 with virological failure, seven received
retreatment, achieved an end of treatment response
Table 1. Demographic and clinical characteristics of participants at-risk

Participants witho
(n¼16

Male gender [n (%)] 163 (9
Age [n (%)]
Less than 35 years 28 (17
35–44 years 56 (33
45–54 years 59 (35
55 years or older 26 (15

Sexual orientation [n (%)]
Bisexual 4 (2)
Gay 141 (8
Heterosexual/straight 23 (14
Unavailable 1 (1)

Race [n (%)]
Asian 6 (4)
Black 4 (2)
White 143 (8
Mixed race 7 (4)
Other 6 (4)
Unavailable 169 (10

Country of residence [n (%)]
Australia 13 (8
Canada 14 (8
Germany 42 (25
Netherlands 22 (13
New Zealand 2 (1)
Switzerland 11 (7
United Kingdom 54 (32
United States of America 11 (7

Tertiary education [n (%)] 23 (14
Full or part-time employment [n (%)] 113 (6
History of incarceration [n (%)] 21 (12
Harmful alcohol consumption [n (%)] 10 (6
HIV infection [n (%)] 117 (6
On combination antiretroviral therapy [n (%)]b 117 (10
Nadir CD4þ <200 cells/ml [n (%)]b 23 (20
STI in the past 12 months [n (%)]c 78 (46
Injection drug use [n (%)]
Injected ever 88 (52
Injected in the last 6 months 53 (31
Injected in the last month 33 (20

Treated HCV infection at enrolment [n (%)]
Primary infection 111 (6
Reinfection 58 (34

Mode of HCV transmissiona [n (%)]
Injection drug use 32 (19
Sexual exposure with person of the same sex 124 (7
Sexual exposure with person of opposite sex 8 (5)
Other 5 (3)

HCV genotype [n (%)]
1a 108 (6
1b 4 (2)
2 4 (2)
3 28 (17
4 24 (14
Unavailable 1 (1)

HCV, hepatitis C virus; STI, sexually transmitted infection.
aClinician determined mode of HCV transmission.
bAmong people with HIV infection.
cIncluding syphilis (n¼22), Chlamydia trachomatis infection (n¼12), Nei

Copyright © 2023 Wolters Kluwer H
and were subsequently included. Total follow-up time
was 198 person-years (median follow-up 12months
[IQR 7–17], median posttreatment visits 5 [IQR 3–7]).

The enrolment characteristics of cohort at-risk for
reinfection are shown in Table 1. Most were male
individuals (96%), identified as gay or bisexual (87%) and
for reinfection.

ut reinfection Participants with reinfection Total
9) (n¼27) (n¼196)

6) 26 (96) 189 (96)

) 4 (15) 32 (16)
) 8 (30) 64 (33)
) 10 (37) 69 (35)
) 5 (19) 31 (16)

1 (4) 5 (3)
3) 24 (89) 165 (84)
) 2 (7) 25 (13)

0 (0) 1 (1)

3 (11) 9 (5)
0 (0) 4 (2)

5) 21 (78) 164 (84)
2 (7) 9 (5)
0 (7) 6 (3)

0) 1 (4) 4 (2)

) 3 (11) 16 (8)
) 2 (7) 16 (8)
) 11 (41) 53 (27)
) 5 (19) 27 (14)

0 (0) 2 (1)
) 0 (0) 11 (6)
) 3 (11) 57 (29)
) 3 (11) 14 (7)
) 1 (4) 24 (12)
7) 14 (52) 127 (65)
) 2 (7) 23 (12)
) 0 (0) 10 (5)
9) 23 (85) 140 (71)
0) 23 (100) 140 (100)
) 1 (4) 24 (17)
) 22 (82) 100 (51)

) 15 (56) 103 (53)
) 11 (41) 64 (33)
) 6 (22) 39 (20)

6) 10 (37) 121 (62)
) 17 (63) 75 (38)

) 3 (11) 35 (18)
3) 23 (85) 147 (75)

1 (4) 9 (5)
0 (0) 5 (3)

4) 15 (56) 123 (63)
0 (0) 4 (2)
1 (4) 5 (3)

) 3 (11) 31 (16)
) 8 (30) 32 (16)

0 (0) 1 (1)

sseria gonorrhoeae infection (n¼11).

ealth, Inc. All rights reserved.

http://links.lww.com/QAD/C931
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had HIV infection (71%). Injection drug use ever
and within 1 month of enrolment was reported by 53
and 20%, respectively. Median age at injecting initiation
was 36 years (range 14–61 years), higher among GBM
(46 vs. 20 years). Injection drug use following treatment
was reported by 40% (n¼ 80), among whom 81%
reported injecting amphetamines and 34% use of unsterile
needles/syringes. Among GBM (n¼ 169), condomless
anal intercourse with casual male partners and group sex
were reported by 82 and 63% prior to enrolment, and 87
and 58% during follow-up, respectively. Sexualized drug
use (‘chemsex’) in month prior to enrolment and during
follow-up was reported by 30% (involving injection drug
use, 19%) and 47% (involving injection drug use, 34%).

Hepatitis C virus reinfection incidence
Twenty-eight cases of HCV reinfection were identified
among 27 participants, a reinfection incidence of 14.2 per
100 person-years (95% CI 9.8–20.5) (Fig. 1, Supple-
mentary Table 1, http://links.lww.com/QAD/C931).
HCV reinfection incidence was 17.2 per 100 person-
years (95% CI 11.5–25.7) among people with HIV.
Reinfection incidence was higher among participants
treated for recent reinfection (25.6 per 100 person-years,
95% CI 16.2–40.7) compared with recent primary
infection (7.8 per 100 person-years, 95% CI 4.2–14.6),
and among participants who injected posttreatment (21.1
per 100 person-years, 95% CI 13.1–33.8) compared with
those who did not (9.4 per 100 person-years, 95% CI
5.2–16.9).

Among GBM (n¼ 169), 25 cases of reinfection were
identified among 24 participants, a reinfection incidence
of 14.4 per 100 person-years (95% CI 9.7–21.3)
(Supplementary Table 2, http://links.lww.com/QAD/
C931). Among PWID (n¼ 82; GBM 79%), 17 cases of
reinfection were identified among 16 participants, a
reinfection incidence of 21.1 per 100 person-years (95%
CI 13.1–33.9) (Supplementary Table 3, http://links.lww.
com/QAD/C931).

Clinical characteristics and outcomes
Among participants with reinfection (n¼ 27; 89% GBM,
85% HIV), 44, 59 and 63% reported injection drug use,
‘chemsex’ and condomless anal intercourse with casual
male partners during follow-up, with 30% reporting
injecting and sexual risk behaviours. One participant was
diagnosed with two episodes of reinfection. Demo-
graphic, behavioural and virological characteristics of
participants with reinfection are included in Supplemen-
tary Table 4, http://links.lww.com/QAD/C931 and
Supplementary Figure 4, http://links.lww.com/QAD/
C931.

Median time to HCV reinfection from end of treatment
was 7 months (range 1–18). Median ALT at end of
treatment and reinfection diagnosis were 23U/l (range
9–46U/l) and 53U/l (range 13–459U/l), respectively,
Copyright © 2023 Wolters Kluwer Hea
with an increase in ALTof greater than 50% between end
of treatment and reinfection diagnosis in 68%. Normal
ALT (<30 U/l) at reinfection diagnosis was seen in
29%; however, only one had persistently normal ALT
throughout.

Retreatment for reinfection was initiated in 18 of 28 cases
(64%), with glecaprevir-pibrentasvir 8 weeks (n¼ 12),
sofosbuvir-velpatasvir 12weeks (n¼ 5) and grazoprevir-
elbasvir 12weeks (n¼ 1); 13 achieved SVR, one was
reinfected again (3 months following retreatment) and
outcome unknown in four (study close). Median time to
retreatment initiation from reinfection diagnosis was
17weeks (range 2–33). Of 10 reinfection cases that
remained untreated (HIV, n¼ 7), all appeared to persist
with no evidence of spontaneous clearance.

Factors associated with hepatitis C virus
reinfection
Reinfection was associated with prior HCV reinfection
(vs. primary infection; aHR 2.42, 95% CI 1.08–5.38),
injection drug use posttreatment (vs. no; aHR 2.53, 95%
CI 1.14–5.59), condomless anal intercourse with casual
male partners (aHR 3.32, 95% CI 1.14–9.65) and
geographic region (vs. Germany, Netherlands and
Switzerland; United Kingdom, aHR 0.21, 95% CI
0.06–0.75) (Supplementary Table 5, http://links.lww.
com/QAD/C931). Population attributable risk for
injecting drug use was 0.22 (95% CI 0.07–0.35) and
for condomless anal intercourse with casual male partners
was 0.53 (95% CI 0.18–0.74).

Among GBM, reinfection was associated with prior
HCV reinfection (aHR 2.43; 95% CI 1.05–5.65),
injection drug use posttreatment (aHR 2.53, 95% CI
1.07–6.00) and geographic region (United Kingdom,
aHR 0.21, 95% CI 0.06–0.74). Population attributable
risk for injecting drug use was 0.20 (95% CI 0.05–0.83).
In a second adjusted model, reinfection was associated
with ‘chemsex’ involving injection drug use posttreat-
ment (aHR 2.97, 95% CI 1.10–8.02), but not ‘chemsex’
without injecting drug use (Supplementary Table 2,
http://links.lww.com/QAD/C931). Population attrib-
utable risk for ‘chemsex’ was 0.35 (95% CI 0.12–0.52).
Among PWID, reinfection was associated with prior
HCV reinfection (aHR 3.92; 95% CI 1.28–12.04) and
geographic region (United Kingdom, aHR 0.11, 95% CI
0.01–0.82) (Supplementary Table 3, http://links.lww.
com/QAD/C931).
Discussion

In this international cohort composed predominantly of
GBM with HIV from high-income countries, high
reinfection incidence was observed among people treated
for recent HCV infection, two to three times greater than
lth, Inc. All rights reserved.

http://links.lww.com/QAD/C931
http://links.lww.com/QAD/C931
http://links.lww.com/QAD/C931
http://links.lww.com/QAD/C931
http://links.lww.com/QAD/C931
http://links.lww.com/QAD/C931
http://links.lww.com/QAD/C931
http://links.lww.com/QAD/C931
http://links.lww.com/QAD/C931
http://links.lww.com/QAD/C931
http://links.lww.com/QAD/C931
http://links.lww.com/QAD/C931
http://links.lww.com/QAD/C931


HCV reinfection post treatment Martinello et al. 1887

Fig. 1. Kaplan–Meier curves of time to reinfection following treatment for recent hepatitis C virus infection in the overall
population (a), and stratified by injection drug use post treatment (b) and HCV infection type at enrolment (primary vs.
reinfection) (c).

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.
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contemporary reinfection estimates among at-risk popu-
lations treated for chronic HCV [8,9,15–17]. Reinfec-
tion was associated with a previous diagnosis of HCV
reinfection, injection drug use posttreatment, condomless
anal intercourse with casual male partners and geographic
region. Although many participants diagnosed with
reinfection were successfully retreated, one-third
remained untreated at end of follow-up. Elimination
strategies will be enhanced by diagnosis and treatment of
recent HCV [18]; however, high reinfection incidence
highlights the need for enhanced surveillance, tailored
prevention strategies and rapid access to retreatment.

HCV reinfection incidencewas significantly higher among
people who reported injecting drug use following
treatment, including among GBM reporting ‘chemsex’
involving injection drug use (‘slamming’, ‘slamsex’). One-
third reported needle/syringe sharing, higher than other
studies of reinfection following recent (22%) and chronic
(6%) infection among PWID [14,19]. For PWID, access to
harm reduction interventions known to reduce risk is
essential [17,20]. However, different PWID populations
require nuanced approaches. GBM who engage in
sexualized injecting (and noninjecting) drug use involving
stimulants or psychotropics are at higher risk of HCV (re)
infection but may not engage with traditional harm
reduction and prevention messaging, given a focus on
people who inject opioids [10]. Although GBM in high-
income countries are often engaged with healthcare,
disclosure of behaviours associatedwithHCV transmission
may be limited because of fear of stigma [21,22]. Targeted
strategies should enable individuals to form and maintain
safe sexual and injecting practices.

Condomless anal sex with casual male partners, recent
HCV reinfection at enrolment and geographic region
were also associated with reinfection. Although model-
ling of micro-elimination strategies supports behavioural
risk reduction (and condomless anal sex had the greatest
population attributable risk) [18], empirical evidence
demonstrating the effectiveness of sexual behavioural
interventions for HCV prevention among GBM are
lacking [22–25]. People at risk for reinfection are
recommended to have at least annual HCV RNA testing
[13]. Given the high observed reinfection incidence
(particularly those with repeated infection) and short
median time to reinfection posttreatment, more frequent
monitoring should be considered, providing an opportu-
nity for early intervention and interruption of transmission.
In addition, differences in healthcare and harm reduction
provision, DAA scale-up and access (including for
retreatment) and regional HCV RNA prevalence may
have influenced reinfection risk [2,4,26–30].

Our study highlights that screening for and treatment of
HCV reinfection, education focused on reinfection
prevention and access to safe sex and harm reduction
services are essential.
Copyright © 2023 Wolters Kluwer Hea
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