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Background. Gay and bisexual men using HIV pre-exposure prophylaxis (PrEP) are at increased risk for sexually transmissible
infections. Hepatitis C virus (HCV) risk among PrEP users is less clear. We explored HCV prevalence and incidence among cohorts
of gay and bisexual men using PrEP and sources of heterogeneity across studies.

Methods. This was a systematic review and meta-analysis of open-label PrEP studies to April 2022 reporting HCV prevalence at
baseline or incidence during follow-up among gay and bisexual men using PrEP. Pooled prevalence and incidence estimates were
calculated using random-effects meta-analysis, and subgroup analyses were performed by study- and country-level characteristics,
including availability of HCV direct-acting antiviral (DAA) therapy at time of study.

Results. Twenty-four studies from 9 countries were included, with a total sample of 24 733 gay and bisexual men. Pooled HCV
antibody baseline prevalence was 0.97% (95% CI, 0.63%-1.31%), and pooled HCV RNA baseline prevalence was 0.38% (95% CI,
0.19%-0.56%). Among 19 studies reporting HCV incidence, incidence ranged from 0.0 to 2.93/100 person-years (py); the
pooled estimate was 0.83/100py (95% CI, 0.55-1.11). HCV incidence was higher in 12 studies that began follow-up before broad
DAA availability (1.27/100py) than in 8 studies that began follow-up after broad DAA availability (0.34/100py) and higher in
studies in Europe compared with North America and Australia.

Conclusions. Early reports of high HCV incidence among PrEP-using cohorts likely reflect enrollment of individuals based on
specific risk-based eligibility criteria for smaller studies and enrollment before DAA scale-up. In contexts where both DAAs and
PrEP have been implemented at scale, studies report lower HCV incidence. PrEP-specific HCV testing guidelines should be

guided by local epidemiology.
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Global guidelines on hepatitis C treatment and prevention
highlight gay and bisexual men and other men who have sex
with men as a priority population [1]. Among gay and bisexual
men globally, those living with HIV have been historically over-
represented in hepatitis C diagnoses [2, 3], a result of intersect-
ing behavioral and demographic risk factors [4] and driven
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further by specific and more concentrated sexual networks con-
stituted of gay and bisexual men with HIV [5]. The availability
of highly efficacious direct-acting antiviral (DAA) treatments
for hepatitis C virus (HCV) in many countries from early
2014 has galvanized hepatitis C elimination efforts globally,
leading to ambitious elimination targets [6, 7]. Widespread up-
take of DAA treatment has been associated with rapid declines
in population-level hepatitis C viremia and incidence among
gay and bisexual men with HIV in multiple settings, including
in Australia [8] and Europe [9, 10]. However, alongside the de-
velopment and approval of DAA treatments for HCV, biomed-
ical advances in HIV prevention, including treatment as
prevention (TasP) [11] and HIV pre-exposure prophylaxis
(PrEP) [12], have been associated with increases in condomless
sex among gay and bisexual men [13, 14], as well as an increases
in bacterial STIs [15]. While the impact of PrEP implementa-
tion on HCV transmission among HIV-negative gay and
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bisexual men is less documented, the influence of PrEP on con-
dom use and sexual networks, specifically increased rates of
sero-different sex among gay and bisexual men [13], has raised
concerns for the potential bridging of HCV transmission net-
works between gay and bisexual men with HIV and
HIV-negative gay and bisexual men [16, 17].

While hepatitis C elimination strategies are underpinned by
testing and treating populations at ongoing risk for hepatitis C
[8, 18], including gay and bisexual men, national guidelines on
how often PrEP users should be screened for HCV vary consid-
erably, from every 3 to 12 months for all gay and bisexual men
using PrEP [19-21] to only in the presence of ongoing risk fac-
tors (eg, injection drug use) [22], with some countries, such as
the United Kingdom, having no specific guidelines for HCV
screening in PrEP users [23]. Early clinical studies that reported
relatively high baseline risk of hepatitis C among gay and bisex-
ual men taking PrEP were likely biased toward individuals with
specific risk characteristics, as early PrEP demonstration studies
often had specific risk-based enrollment criteria (eg, recent con-
domless anal sex with casual partners or recent STI diagnosis
[24]). Participants in these studies may not reflect wider popula-
tions of PrEP users following widespread PrEP implementation
or their HCV risk in the context of widespread DAA availability.

Estimates of pooled hepatitis C incidence among gay and bi-
sexual men using PrEP have varied across reviews [25, 26], and
in the context of declining hepatitis C incidence among gay and
bisexual men with HIV following DAA implementation [8, 10,
27], none have investigated heterogeneity in hepatitis C risk
among PrEP users relative to DAA availability at the time of
study. In this systematic review and meta-analysis of hepatitis
C among gay and bisexual men using HIV PrEP, we aimed to
provide updated estimates of hepatitis C prevalence and inci-
dence among PrEP users globally and examine rates of hepatitis
C incidence among PrEP cohorts across study- and country-
level characteristics, including the availability of DAA treat-
ments for hepatitis C at the time of PrEP rollout.

METHODS

A protocol for this review was registered prospectively
(PROSPERO registration number 2020 CRD42020179455).

Eligibility Criteria

Studies were included if they reported data on hepatitis C prev-
alence or incidence among gay and bisexual men using HIV
PrEP, inclusive of daily or on-demand/event-driven PrEP.
We included prospective observational cohort studies, open-
label 1-armed trials, and nonblinded randomized controlled
trials (ie, participants were aware they were using PrEP).

Outcomes
To be included, studies must have reported 1 of the below pri-
mary outcomes:

1. hepatitis C antibody prevalence—point estimate of hepatitis
C antibody positivity at PrEP initiation or study baseline;

2. hepatitis C RNA prevalence—point estimate of hepatitis C
RNA positivity/viremia at PrEP initiation or study baseline
(among all participants);

3. hepatitis C incidence—incidence rate per 100 person-years
of PrEP use of hepatitis C (primary and re-infection) or cu-
mulative incidence of hepatitis C during PrEP use.

Search Strategy

We searched the following databases on April 20, 2022:
Medline and EMBASE (using OVID) and PubMed. Search
strings included medical subject headings and free text relating
to the following (see Supplementary Materials 1 for full search
strings):

1. MSM (men who have sex with men, gay and bisexual men,
gay men);

2. pre-exposure prophylaxis (PrEP, Truvada, tenofovir, TDF,
emtricitabine);

3. hepatitis C (HCV, hepatitis C virus).

We also conducted manual searches of relevant interna-
tional HIV and viral hepatitis conferences (Supplementary
Materials 1).

Abstracts and titles were screened independently by 2 re-
viewers (M.T. and B.H.). For studies that reported at least 1 out-
come, full texts were obtained and assessed to confirm
eligibility. Where multiple publications or conference abstracts
reported data from the same cohort or study, the most recent
citation or the citation with the most complete data for the rel-
evant outcomes was included. Where 2 citations reported data
from the same study but reported different outcomes (eg, HCV
antibody prevalence and HCV RNA prevalence), both were
included.

Data Extraction

Data were extracted and assessed independently by 2 reviewers
using a standardized form to collate the following study char-
acteristics and outcomes where reported:

o study design;

location of study;
o date of start and end of study follow-up;
« sample size (number included in hepatitis C outcomes);

participant demographics (including the proportion classi-
fied as MSM or transgender women, age, ethnicity);

hepatitis C behavioral risk characteristics of the cohort and/

or hepatitis C cases (if reported):

(a) sexual behavior (eg, number of partners, condom use,
group sex, fisting); and/or

(b) drug use (eg, chemsex drug use, injecting drug use);

2 « OFID « Traeger et al


http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofad401#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofad401#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofad401#supplementary-data

o primary outcome measures:

(a) for prevalence and incidence outcomes, numerator and
denominator data were extracted separately where avail-
able; where unavailable, reported prevalence rates or in-
cidence rates were extracted;

(b) for antibody prevalence calculations (where numerator
and denominator were reported), the numerator was
taken as the number of participants who tested positive
for HCV antibodies at baseline and the denominator
was taken as the number of participants tested for
HCV antibodies at baseline;

(c) for RNA prevalence calculations (where numerator and
denominator were reported), the numerator was taken
as the number of participants who tested positive for
HCV RNA at baseline and the denominator was the
number of participants tested for either HCV antibody
or RNA at baseline;

(d) for hepatitis C incidence calculations (where number
of infections and person-time at risk were reported),
the incidence rate was taken as the number of new
hepatitis C infections (including primary and re-
infections) divided by the number of person-years
accrued.

Any disagreements were resolved by consensus, and study
authors were contacted via email a maximum of 2 times to ob-
tain missing data or further information where needed.

Study Setting and DAA Availability

The rate of hepatitis C transmission among PrEP users is like-
ly linked to community-level hepatitis C viremia among the
wider gay and bisexual men population at the time of PrEP
implementation. To explore the potential effect of the timing
of DAA availability (and impact of this on hepatitis C preva-
lence) on hepatitis C incidence among PrEP users, we
searched PubMed, national policy documents, and other
gray literature as applicable to record when DAAs became
broadly available in each respective jurisdiction of the includ-
ed studies (data sources and results in Supplementary
Table 1). Each study was categorized according to the broad
availability of DAA treatments to gay and bisexual men dur-
ing the study follow-up in the respective country; studies
were categorized as

« study initiated before broad DAA availability (limited or no
access to subsidized DAAs, or restrictions on DAA prescrib-
ing based on liver disease stage or substance use, at the time
of PrEP study follow-up initiation); or

o study initiated after broad DAA availability (DAAs avail-
able with no restrictions based on liver disease stage or
substance use at the time of PrEP study follow-up
initiation).

Statistical Analysis

Random-effects meta-analysis was used to calculate pooled es-
timates for hepatitis C prevalence (antibody positivity and RNA
positivity separately) at PrEP initiation/study baseline and inci-
dence during follow-up. To estimate pooled hepatitis C preva-
lence, a double arcsine transformation was performed in order
to constrain confidence intervals between 0.0 and 1.0, and the
metaprop command in Stata was used to cumulate prevalence
estimates [28]. For hepatitis C incidence, we extracted the re-
ported number of incident infections and person-time-at-risk
from each study and calculated incidence rates per 100 person-
years and confidence intervals using the the exact chi-square
method to allow for upper confidence intervals for 0 rates to
be calculated [29] and used the metan Stata command to cumu-
late incidence estimates [30]. The inverse-variance method was
used to weight studies in pooled estimates. Statistical heteroge-
neity between studies was assessed by calculating I* and y” sta-
tistics, with a y” significance level of .10 and I* >50% considered
a moderate to high level of heterogeneity [31].

Subgroup analyses were performed to identify sources of
heterogeneity between studies by stratifying studies by coun-
try, availability of DAAs relative to PrEP rollout, and sample
size (number of participants contributing to the estimate of
the respective outcome). Sample size (dichotomized into
<500 or >500 participants as the median sample size was
485) was included as PrEP studies with a smaller recruitment
capacity may have prioritized enrollment of individuals re-
porting greater HIV-related risk behaviors. Due to heterogene-
ity in reported sexual and drug use behavior measures across
studies, a meta-analysis by behavioral outcomes was not feasi-
ble. As such, we report a narrative review of behavioral out-
comes. All statistical analyses were performed using Stata
software (version 15.1 for Windows; StataCorp, College
Station, TX, USA).

Risk of Bias Assessment

A modified Newcastle-Ottawa Scale (Supplementary Materials
2) [32] was used to assess the risk of bias in the included studies.
Risk of bias in individual studies was assessed based on sample
representativeness of the population of gay and bisexual men
who use PrEP, evidence for confirmation of outcome (new hep-
atitis C infection), and adequate follow-up time. Bias was clas-
sified using a numerical scale from 0 to 2 for each criterion,
with a maximum total score of 8. A score of >7 was classified
as low risk of bias.

RESULTS

Search Results and Included Studies

The electronic database search resulted in a total of 408 cita-
tions, of which 91 were duplicates, leaving 317 unique citations
(Figure 1). A total of 23 studies met inclusion criteria and were
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408 electonric database results
MEDLINE, EMBASE, PubMed &
conference databases

91 duplicates removed

i

317 title/abstract screened
Journal articles & conference abstracts

A

258 excluded based on

Y

59 full texts obtained and reviewed

Y

title/abstract

33 did not meet inclusion criteria

23 studies included in review

Figure 1.  Search results and screening process.

> 3 had newer data reported in
other full text

included in the review. The characteristics of the included stud-
ies and the outcomes they report are shown in Table 1.
Studies were from 9 countries and included a total of 24
733 gay and bisexual men using PrEP. Two publications
eported different outcomes from the same cohort; Reyniers
et al. reported hepatitis C prevalence, and Vuylesteke et al.
reported incidence from the Belgian PrEP study. One study
(Harney et al.) included data from 2 other studies (Amin
et al. and Cornelisse et al.) as part of a national-level
presentation of data from Australia and was excluded from
meta-analyses and the total sample calculation due to the de-
termination of person-time in this study (hepatitis C incidence
rates calculations for PrEP users in this study potentially in-
cluded person-time during periods of non-PrEP use). Two
studies [27, 33] reported changes in annual rates of hepatitis
C incidence among large cohorts of PrEP users over time
(Supplementary Results 1).

Hepatitis C Prevalence at PrEP Initiation

Eleven studies reported HCV antibody prevalence at study
baseline. Antibody prevalence ranged from 0.26% to 4.80%
across studies (Figure 2). The pooled estimate of hepatitis C an-
tibody prevalence was 0.97% (95% CI, 0.63%-1.31%), and het-
erogeneity was high across studies (I = 78.3%; P <.001)
(Table 2). Six PrEP studies that reported hepatitis C antibody
positivity at baseline began follow-up before broad availability
of DAA treatments in the respective country or jurisdiction.
Among these 6 PrEP studies, the pooled estimate of antibody
positivity was 1.75% (95% CI, 0.93%-2.56%). Among the 5
studies where follow-up began after broad availability of

DAA treatments, the pooled estimate of antibody positivity
was 0.62% (95% CI, 0.32%-0.92%). Pooled antibody prevalence
was greater in studies with <500 participants (2.08%; 95% CI,
0.46%-3.71%) compared with studies with >500 participants
(0.81%; 95% CI, 0.50%-1.13%). Antibody prevalence was great-
est (pooled prevalence >1%) in studies from the Netherlands,
the United Kingdom, France, and Slovenia (Table 2).

Eleven studies reported HCV RNA prevalence at study
baseline. HCV RNA prevalence ranged from 0.09% to 4.05%
across studies (Figure 3). The pooled estimate of hepatitis C
RNA prevalence was 0.38% (95% CI, 0.19%-0.56%), and het-
erogeneity was high (I* = 72.4%; P < .001) (Table 2). Six PrEP
studies that reported HCV RNA positivity at baseline began
follow-up before broad availability of DAA treatments in
the respective country or jurisdiction. Among these 6 studies,
the pooled estimate of RNA positivity was 0.97% (95% CI,
0.38%-1.55%). Among the 5 studies that started follow-up af-
ter broad availability of DAA treatments, the pooled estimate
of RNA positivity was 0.23% (95% CI, 0.09%-0.38%). Pooled
RNA prevalence was greater in studies with <500 participants
(2.23%; 95% CI, 0.76%-3.70%) compared with in studies with
>500 participants (0.28%; 95% CI, 0.15%-0.41%). RNA prev-
alence was greatest (pooled prevalence >1%) in studies from
the Netherlands and Belgium (Table 2). See Supplementary
Figures 1-6 for forest plots for HCV prevalence by study
characteristics.

Hepatitis C Incidence During PrEP Use
Nineteen studies reported hepatitis C incidence. In these stud-
ies, there were a total of 180 incident hepatitis C infections over
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Columbia)
USA (California)

[53]
Volk et al. 2015 [54]

Yes

100% MSM

485

Dec-14

Feb-11

Retrospective clinic audit

Kaiser Permanente

SF MC
Belgian PrEP study®

Yes

Jan-18 Belgium 200° 98.5% MSM

Oct-15

Prospective cohort

Vuylesteke et al. 2019°

1.5% TGW

[565]
Abbreviations: Ab, antibody; DAA, direct-acting antiviral; HCV, hepatitis C virus; MSM, men who have sex with men; NR, not reported; PrEP, pre-exposure prophylaxis; PWID, people who inject drugs; RCT, randomized controlled trial; TGW, transgender

women.

®Harney et al. includes PrEP users captured in Cornelisse et al. and Amin et al. and is excluded from pooled estimates and total sample calculation.

These 2 studies report data from the same cohort; Reyniers et al. reports prevalence and Vuylesteke et al. reports incidence.

*N represented those eligible for HCV analyses if reported; otherwise represents full PrEP cohort at baseline.

a cumulative total of 28 429 person-years of PrEP use. Hepatitis
C incidence ranged from 0.0 to 2.93 per 100 person-years
across studies (Figure 2). The weighted pooled estimate of hep-
atitis C incidence from random-effects meta-analysis was 0.83
(95% CI, 0.55-1.11) per 100 person-years. Heterogeneity was
high across studies (I* = 81.7%; P < .001) (Table 3).

Hepatitis C Incidence by DAA Availability

Twelve PrEP studies began follow-up before broad availability
of DAA treatments (ie, DAA treatments became widely avail-
able during or after cessation of follow-up). In these 12 studies,
the pooled estimate of hepatitis C incidence was 1.27/100 per-
son years (95% CI, 0.69-1.86); heterogeneity remained high
(I = 81.8%; P <.001). Seven PrEP studies reporting hepatitis
C incidence began follow-up after broad availability of DAA
treatments in the respective country or jurisdiction. Among
these 7 studies, less heterogeneity was detected (I’ =65%;
P=.009), and the pooled estimate of hepatitis C incidence
was 0.34/100 person-years (95% CI, 0.12-.53) (Figure 4).

Hepatitis C Incidence by Sample Size

Among 11 studies that included <500 participants, heterogene-
ity was low (=33.9%; P=.120), and the pooled estimate of
hepatitis C incidence was 1.37/100 person-years (95% CI,
0.85-1.88). Among the 8 PrEP studies with >500 participants,
the pooled estimate of hepatitis C incidence was lower at 0.54/
100 person-years (95% CI, 0.26-0.81); heterogeneity was high
(I* = 87.2%; P < .001) (Supplementary Figure 7).

Hepatitis C Incidence by Country

In subgroup analyses by country, heterogeneity was low across
studies within each country except for the 2 studies from the
United Kingdom (I*=77.8%) and the 5 studies from France
(P=64.1%). Incidence among studies in Australia, the
United States, and Canada was lower compared with studies
from European countries (Table 3).

Behavioral Data

Heterogeneity in reporting of sexual and drug-related behav-
iors across studies precluded meta-analysis by hepatitis C risk
behavior. Supplementary Table 2 summarizes sexual and
drug use-related behaviors reported among study participants
and, where reported in studies, behaviors associated with hep-
atitis C diagnosis. Studies reported different sexual behavior in-
dicators, including recent condomless intercourse, receptive/
insertive condomless intercourse, number of casual partners,
reporting HIV-positive partners, group sex, sex at
sex-on-premises venues, and fisting. Many studies also report-
ed recent and lifetime injection drug use (IDU), as well as en-
gagement in chemsex, for which definitions varied. See
Supplementary Results 2 for a narrative synthesis of behavioral
data.
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Forest plot of random-effects meta-analysis of HCV antibody prevalence at baseline among gay and bisexual men using PrEP. n = number of participants positive

for HCV antibodies at study baseline; N = number of participants tested for HCV antibodies. Abbreviations: HCV, hepatitis C virus; PrEP, pre-exposure prophylaxis.

Risk of Bias

Fourteen of the 23 studies were considered at low risk of bias
(score >7) when graded using the modified Newcastle Ottawa
Scale for cohort studies (Supplementary Table 3). The main bi-
ases identified were representativeness of the cohort (ie, smaller
studies that recruited participants with specific risk criteria),
confirmation of the outcome (ie, where details of antibody/
RNA testing protocols were not reported), and adequacy of
follow-up (ie, where reported mean/median follow-up for inci-
dence calculations was <6 months).

DISCUSSION

In this review of hepatitis C among gay and bisexual men using
PrEP, pooled estimates for hepatitis C incidence were lower than
previously reported in other meta-analyses [25, 26], due largely
to the inclusion of more recent and larger studies reporting lower
rates of hepatitis C. Ours is the first review to explore the differ-
ence in hepatitis C incidence by respective country- and state-
level availability of hepatitis C DAA treatments at the time of
PrEP initiation. Pooled hepatitis C baseline prevalence and inci-
dence among PrEP studies that initiated follow-up after broad
access to DAAs became available were lower than in studies
that initiated follow-up during periods of limited or no DAA ac-
cess. Hepatitis C incidence was also lower in non-European stud-
ies and studies that enrolled large numbers of gay and bisexual
men and implemented PrEP at scale.

The observed levels of heterogeneity in baseline hepatitis C
prevalence across studies included in this review are likely

reflective of both HCV prevalence within gay and bisexual
men populations at the time of study enrollment and risk-based
enrollment criteria of specific studies. Further, individuals who
elected to participate in early PrEP trials, or “early adopters” of
PrEP, likely represent individuals with a higher hepatitis C risk
profile, including behavioral characteristics not necessarily in-
cluded in study eligibility criteria. As with hepatitis C inci-
dence, HCV RNA positivity was also lower in studies where
DAAs were available at the time of enrollment and in larger
studies and those undertaken outside of Europe. However,
while RNA positivity and hepatitis C incidence were ~4-fold
lower in post-DAA studies, HCV antibody positivity was
only ~2.7-fold lower in post-DAA studies. This suggests that
the enrollment of individuals with a lower risk profile (ie, fewer
individuals with previous HCV exposure) may not fully explain
the lower incidence observed in post-DAA studies. The lower
incidence in post-DAA studies may reflect lower community-
level hepatitis C viremia due to DAA implementation.
Surveillance data from Australia suggest that uptake of DAA
treatment among gay and bisexual men coinfected with hepa-
titis C and HIV led to rapid declines in both community-level
hepatitis C viremia and new diagnoses of hepatitis C [8]. It is
also possible that early reports of high hepatitis C incidence
from early PrEP trials may have led to increased awareness of
hepatitis C transmission among clinicians and PrEP users,
and subsequent increases in testing and HCV treatment uptake.

Several previous reviews have explored hepatitis C among
gay and bisexual men. A systematic review and meta-analysis
of PrEP studies reporting prevalence and incidence of sexually
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Table 2. Pooled Estimates of HCV Antibody and RNA Prevalence Among
Gay and Bisexual Men Using PrEP

No. of Pooled Estimate Heterogeneity Xz
Variable Studies (95% Cl), % Test (P, %)
HCV antibody prevalence, %
Overall 11 0.97 (0.63-1.31) P<.001 (78.3)
By DAA availability
Study follow-up 6 1.75 (0.93-2.56) P=.016 (64.3)
started before broad
DAA availability
Study follow-up 5 0.62 (0.32-0.92) P=.001 (78.7)
started after broad
DAA availability
Sample size
<500 4 2.08 (0.46-3.71) P=.034 (65.4)
>500 7 0.81 (0.50-1.13) P<.001 (80.4)
Country
USA 2 0.35 (0.07-0.62) P=.216 (34.5)
UK 1 2.08 (1.04-3.68)
France 1 1.83(1.07-2.91)
Canada 2 0.82 (0.53-1.10) P=.380(0.0)
Netherlands 1 4.80 (2.87-7.48)
Australia 2 0.72 (0.56-0.87) P=.003 (89.0)
Spain 1 0.91 (0.02-4.96)
Benin 1 1.45 (0.04-7.81)
HCV RNA prevalence, %
Overall 1 0.38 (0.19-0.56) P<.001 (72.4)
By DAA availability
Study follow-up 6 0.97 (0.38-1.55) P=.005 (69.5)
started before broad
DAA availability
Study follow-up 5 0.23 (0.09-0.38) P=.014 (67.9)

started after broad
DAA availability

Sample size

<500 4 2.23(0.76-3.70) P=.071 (57.3)

>500 7 0.28 (0.15-0.41) P=.017 (61.0)
Country

USA 2 0.09 (0.00-0.27)

UK 1 0.57 (0.12-1.65)

France 2 0.48 (0.17-0.79)

Canada 2 0.19 (0.06-0.32)

Belgium 1 1.50 (0.31-4.32)

Netherlands 1 4.00 (2.26-6.51)

Australia 2 0.33 (0.23-0.43)

See Supplementary Figures 1-6 for forest plots for HCV prevalence by study characteristics.

Abbreviations: DAA, direct-acting antiviral; HCV, hepatitis C virus; PrEP, pre-exposure
prophylaxis.

transmissible infections, including hepatitis C, included 4 stud-
ies that reported HCV prevalence and 8 studies that reported
hepatitis C incidence up to November 2018 [26]. In this meta-
analysis, prevalence of HCV was 2.0%, and incidence was 0.43/
100PY. Heterogeneity in incidence across studies was very high
(* = 87%; P <.001); however, sources of heterogeneity were
not explored beyond country income level. A more recent re-
view (to October 2019) included studies that reported hepatitis
C prevalence and incidence among gay and bisexual men
(HIV-positive and HIV-negative). In this review, 4 studies

reporting hepatitis C incidence among gay and bisexual men
using PrEP were included; the pooled estimate of 1.48/100PY
among gay and bisexual men using PrEP was similar to the hep-
atitis C incidence among studies of gay and bisexual men with
HIV, suggesting that hepatitis C risk among gay and bisexual
men enrolled in earlier PrEP studies was comparable to that
of gay and bisexual men with HIV [25]. Our review highlights
that previous pooled estimates of hepatitis C incidence among
gay and bisexual men using PrEP may not be reflective of cur-
rent hepatitis C among gay and bisexual men using PrEP in all
settings, in the context of later widespread access to PrEP, or in
the post-DAA era.

While PrEP users may represent a subgroup of HIV-negative
individuals who report higher rates of behavior associated with
hepatitis C risk, PrEP users remain highly engaged in clinical
care and testing. Given declining trends in hepatitis C among
gay and bisexual men in countries where DA As are widely ac-
cessible, the impact of PrEP rollout and associated changes in
behavior and sexual networks on hepatitis C elimination efforts
may be offset by coinciding DAA availability in these countries.
Consistent with findings previously reported for other sexually
transmitted infections [56], modeling outcomes suggest that a
decline in hepatitis C could be seen among gay and bisexual
men in the context of PrEP scale-up via increased rates of
HCV screening and treatment, even with moderate to high lev-
els of reduced condom use [23]. However, people often transi-
tion in and out of PrEP care, and, in many settings, rates of
PrEP discontinuation among gay and bisexual men are high,
with high cost and inaccessibility to care being common rea-
sons for discontinuation [57]. Such structural barriers to
PrEP use may also impact efforts to diagnose and treat hepatitis
C infections among gay and bisexual men through reduced
PrEP-related hepatitis C screening. Further, in settings where
DAAs have not been widely rolled out yet or are not subsidised,
high prevalence of hepatitis C among gay and bisexual men
with HIV may contribute to growing transmission among
HIV-negative gay and bisexual men through increased rates
of sero-different sex.

Current World Health Organiation (WHO) guidelines rec-
ommend hepatitis C testing among key populations, including
gay and bisexual men, with specific reccommendations for 3—
6-monthly testing for gay and bisexual men with HIV and peo-
ple with a cured or resolved infection for reinfection [1]; guide-
lines on how often HIV-negative gay and bisexual men,
including PrEP users, should be tested for primary HCV infec-
tion vary internationally [1, 58]. Australian guidelines recom-
mend testing annually for hepatitis C for all gay and bisexual
men using PrEP or living with HIV, regardless of the presence
of drug- or sexual-related risk behavior [21]. Previous findings
from Australia show that PrEP users are not homogenous in
terms of STI risk [59], and this review suggests that PrEP use
alone may not be a strong indicator of hepatitis C risk.
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Figure 3.

Forest plot of random-effects meta-analysis of HCV RNA prevalence at baseline among gay and bisexual men using PrEP. n = number of participants positive for

HCV RNA at study baseline; N = number of participants tested for HCV antibodies and/or RNA. The denominator for RNA prevalence is the number of study participants
tested for HCV (either antibody or RNA) at baseline, as many study protocols only tested participants for RNA if they were antibody positive. Abbreviations: HCV, hepatitis C

virus; PrEP, pre-exposure prophylaxis.

Where testing constraints exist, testing guidelines should be
centered on the presence of specific risk factors that remain
strong indicators of hepatitis C risk and should be informed
by local epidemiological contexts. However, it should be ac-
knowledged that the efficiency of risk-based screening is de-
pendent on clinicians being able to accurately identify risk,
which may not be feasible during limited clinical interactions
with competing priorities. Hepatitis C antibody testing is rela-
tively cheap, and in countries with developed models of care it
can be easily added to routine PrEP monitoring tests. In such
settings, universal screening of PrEP users for primary infec-
tion is likely to be cost-effective. While there are few data on
rates of hepatitis C reinfection among gay and bisexual men us-
ing PrEP, high rates of reinfection have been observed in gay
and bisexual men with HIV [60], and as such, PrEP users treat-
ed for HCV should be regularly tested for reinfection, in line
with WHO guidelines [1]. Hepatitis C self-testing is likely to
be acceptable to key populations, including gay and bisexual
men [61], and could be offered with HIV self-testing as an ad-
ditional method for increasing screening during periods of risk
for PrEP users [62].

We did not find any eligible studies of hepatitis C among gay
and bisexual men using PrEP in Southeast Asia or Africa, 2 re-
gions identified as having the highest pooled HCV prevalence
in a previous review of studies of gay and bisexual men (5.0%
and 5.8% pooled prevalence in Southeast Asia and Africa, re-
spectively) [25]. Another recent review restricted to studies in

Table 3. Pooled Estimates of HCV Incidence Among Gay and Bisexual
Men Using PrEP

No. of Pooled Estimate Heterogeneity Xz
Variable Studies (95% ClI) Test (P, %)
HCV incidence (rate/100 person-y)
Overall 19 0.83 (0.55-1.11) P<.001 (81.7)
By DAA availability
Study follow-up 12 1.27 (0.69-1.86) P<.001 (81.8)
started before broad
DAA availability
Study follow-up 6 0.34 (0.14-0.55) P=.009 (65.1)
started after broad
DAA availability
Sample size
<500 11 1.37 (0.85-1.88) P=.120 (34.9)
>500 8 0.54 (0.26-0.81) P<.001 (87.2)
Country
USA 3 0.04 (0.00-0.34) P=.520 (0.0)
UK 2 1.39 (0.00-2.87) P=.034 (77.8)
France 5 1.17 (0.74-1.60) P=.025 (64.1)
Canada 3 0.29 (0.13-0.46) P=.787 (0.0)
Belgium 1 2.93 (1.53-5.64)
Netherlands 1 2.30 (1.39-3.79)
Australia 2 0.23 (0.06-0.40) P=.185 (43.0)
Spain 1 1.93 (0.52-4.93)

See Supplementary Figure 7 for forest plot showing HCV incidence by sample size.

Abbreviations: DAA, direct-acting antiviral; HCV, hepatitis C virus; PreP, pre-exposure

prophylaxis.

Asia reported a pooled HCV prevalence of 5.2% among
HIV-negative gay and bisexual men, with the highest
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Figure 4. Forest plot of random-effects meta-analysis of HCV incidence among gay and bisexual men using PrEP by DAA availability in respective countries/jurisdictions at

time of study initiation. n = number of participants diagnosed with incident HCV infection during study follow-up; N = total number of person-years of follow-up. Abbre-
viations: DAA, direct-acting antiviral; HCV, hepatitis C virus; PrEP, pre-exposure prophylaxis.

prevalence detected in studies from Indonesia and Vietnam
[63]. While PrEP programs, clinical trials, and demonstration
projects have been implemented in 10 countries in Asia and
>18 countries in Africa [64], the lack of available data on hep-
atitis C incidence among PrEP users may hinder appropriate
responses and informed testing guidelines for hepatitis C
among PrEP users in these regions.

Limitations

There are several limitations of our review that should be ac-
knowledged. First, heterogeneity in reported sexual and drug
use behaviors precluded a subgroup analysis disaggregated by
prevalence of HCV-related risk factors. While some studies
reported behaviors associated with hepatitis C diagnosis, many re-
ported behaviors at baseline, which may not reflect behaviors

associated with hepatitis C acquisition during periods of PrEP
use. Second, not all studies reported adherence to PrEP, and we
cannot be sure that all individuals included in pooled estimates
were current PrEP users. Third, while we used date of DAA avail-
ability extracted from the published literature and national policy
documents, it is likely that in some settings DA As were accessible
through clinical trials or special access programs. Further, some of
the included PrEP studies spanned long periods of time, and we
were not able to disaggregate hepatitis C incidence rates by year
for studies with longer follow-up periods. This may impact the va-
lidity of our subgroup analysis by DAA availability. Finally, testing
protocols in studies differed, and many studies did not report test-
ing frequency. Studies with more frequent testing may be more
likely to capture infections that may have been missed among pa-
tients lost to follow-up in studies with less frequent testing.
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CONCLUSIONS

Early reports of high hepatitis C incidence among cohorts of
gay and bisexual men using PrEP likely reflect specific risk-
based eligibility criteria of smaller PrEP studies, which enrolled
participants at a time when hepatitis C DAA treatment had not
been fully scaled-up. More recent studies in settings where both
DAAs and PrEP have been implemented at scale report lower
hepatitis C incidence among PrEP users. PrEP-specific HCV
testing guidelines should be guided by local epidemiological
contexts and consider the cost-effectiveness of universal HCV
screening among PrEP users at a time when HCV prevalence
and incidence among PrEP users are declining. Continued sur-
veillance of hepatitis C transmission among gay and bisexual
men using PrEP alongside availability of harm reduction mea-
sures will be vital to maintain low prevalence in this population.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the
authors, so questions or comments should be addressed to the correspond-
ing author.
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