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Abstract
Introduction: Given the synergistic relationship between HIV and sexually transmitted infections (STI), the integration of ser-
vices has the potential to reduce the incidence of both HIV and STIs. We explored the extent to which STI testing has been
offered within HIV pre-exposure prophylaxis (PrEP) programmes worldwide.
Methods: We conducted a systematic review of PrEP programmes implementing STI testing services in nine databases. We
approached PrEP implementers for additional unpublished data and implementation details. Descriptive statistics were used to
present the characteristics of STI testing within PrEP programmes. Content analysis of the input from PrEP implementers was
conducted to summarize the barriers to and facilitators of STI testing.
Results: Of 9,161 citations, 91 studies conducted in 32 countries were included: 69% from high-income countries (HICs) and 64%
from programmes targeting men who have sex with men (MSM) and transgender women (TGW) only. The majority of programmes
(70%, 64/91) conducted STI testing before the initiation of PrEP. The most common STIs tested were gonorrhoea (86%, 78/91),
chlamydia (84%, 76/91) and syphilis (84%, 76/91). The majority provided STI testing at three-month intervals (70%, 53/76, for syphi-
lis; 70% 53/78, for chlamydia; 68%, 53/78, for gonorrhoea). Relative to low- and middle-income countries (LMICs), a higher propor-
tion of PrEP programmes in HICs offered testing for gonorrhoea (92% vs. 71%, p < 0.05), chlamydia (92% vs. 64%, p < 0.01), syphilis
(87% vs. 75%, p < 0.05), hepatitis A (18% vs. 4%, p < 0.05) and hepatitis C (43% vs. 21%, p < 0.05); offered testing for a higher num-
ber of STIs (mean 3.75 vs. 3.04, p < 0.05); and offered triple (throat, genital/urine and anorectal) anatomical site screening (54% vs.
18%, p < 0.001). Common implementation challenges included costs, access to STI diagnostics, programme logistics of integrating
STI testing into PrEP delivery models and lack of capacity building for staff involved in PrEP provision.
Conclusions: Significant gaps and challenges remain in the provision of STI testing services within HIV PrEP programmes. We
recommend more active integration of STI testing and management into PrEP programmes, supported by standardized prac-
tice guidelines, staff capacity building training and adequate funding. This could lead to improved sexual health and HIV out-
comes in key populations.
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1 | INTRODUCTION

Pre-exposure prophylaxis (PrEP) is a safe and effective
approach to prevent HIV infection when adherence is high
[1-4]. PrEP was first approved for use as an HIV prevention
strategy in the United States in 2012, followed by 38 other
countries/regions [5]. PrEP is offered in a total of 76 countries
in various forms, including within research studies, clinical tri-
als, demonstration projects or routine implementation, as of

January 2021 [5]. With growing interest in PrEP, more mem-
bers of key populations are engaging with healthcare systems
than ever before. This provides a unique opportunity to pack-
age PrEP services with more comprehensive sexually transmit-
ted infection (STI) testing, management and other sexual
health services at a moment of peak receptivity, particularly in
LMICs where such services are currently limited.
The World Health Organization (WHO) guidelines recom-

mend that PrEP programmes target individuals at substantial
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risk for HIV [6], which overlap with populations at high risk of
other STIs. There is a high prevalence of STIs among individu-
als initiating PrEP, and a high incidence of STIs in persistent
users of PrEP [7]. The high incidence must be understood in
light of the potential for ascertainment bias as more asymp-
tomatic individuals will be screened for STIs as part of optimal
PrEP care. These findings underscore the opportunity and
need for active integration of HIV and STI testing and treat-
ment services to tackle the synergistic epidemics of HIV/STI
and capitalize on the existing and growing PrEP programme
infrastructure globally.
To date, no study has addressed the extent to which STI

testing services have been incorporated within PrEP services.
We conducted a systematic review to describe the type of
STI testing services offered to users of existing PrEP
programmes worldwide. We supplemented these data with a
survey of PrEP programme implementers regarding the facili-
tators and barriers to STI testing services for PrEP users. The
findings from this study will provide important insights to
inform the next steps of PrEP expansion and advocate for the
need to integrate STI testing. Achieving this will contribute to
the UN Sustainable Development Goals of ending the dual
epidemics of HIV and STIs, and improving sexual health out-
comes [8].

2 | METHODS

This review was conducted in two stages and described in
detail here [7]. Briefly, a systematic review was conducted in
accordance with the PRISMA checklist (File S1) and registered
(PROSPERO Registration: CRD42018116721). Second, sup-
plemental data were collected between December 2018 and
March 2019 through contacting a list of 82 PrEP programme
implementers and/or researchers provided by the WHO and
co-authors to learn about their experiences in implementing
PrEP service delivery on the ground.
The systematic review followed the guidelines in the

Cochrane Handbook 5.1 [9]. Nine databases were searched
from inception to 20 November 2018 (and updated on 8
December 2020) – as part of a WHO Think Tank Meeting for
STIs and PrEP (March 2019) – without language restriction:
OvidSP Medline and In-Process & Other Non-Indexed Cita-
tions and Daily, OvidSP Embase, OvidSP Global Health,
OvidSP EconLit, EBSCO CINAHL Plus, EBSCO Africa-Wide
Information, Web of Science Core Collection, VHL LILACS and
OvidSP Northern Light Life Sciences Conference Abstracts.
The two key concepts anchoring our search strategy were
STIs and PrEP, full details are published elsewhere, including
our search terms [10]. File S2 provides details of the updated
search. We included data from routine implementation pro-
grammes, prospective cohorts, randomized controlled trials
(RCT) or demonstration projects of oral PrEP that described
an STI testing service for PrEP users. We excluded systematic
reviews/letters/editorials, studies using only qualitative
research methods, duplicated results from the same study,
laboratory studies about testing STI diagnostic performance
and studies restricting study populations by clinical outcomes
(e.g. men with urethritis, women with cervicitis). These studies
were categorized as “wrong study design.” We manually
searched the references of existing systematic reviews [11-13]

to ensure our search strategy included all relevant papers.
Once duplicates were removed, the titles and abstracts of
papers were independently screened by at least two review-
ers (HF, SR), according to a list of eligibility criteria, and dis-
agreements were discussed with author JO. Two researchers
(HF, SR) extracted data from the full texts, and data were
reviewed by JO for consistency and accuracy. Descriptive
statistics (mean continuous variables and percentages for cat-
egorical variables) were used to present the characteristics of
STI services within PrEP programmes.
To obtain additional unpublished data and more detailed

information on PrEP implementation, we contacted 82 PrEP
implementers (list provided by WHO of contacts of known
PrEP programmes) by e-mail with an invitation to complete a
survey questionnaire that included both closed-ended and
open-ended questions between December 2018 and April
2019 (File S3). A follow-up email reminder was sent 7 days
later if there had not been any response. We present descrip-
tive statistics to summarize the characteristics of the PrEP
programmes (this term will be used to include both data from
studies and programmes) included in this review, including the
characteristics of PrEP programmes and sites, by country
income-level, project implementation duration, target popula-
tion, PrEP service sites, study/programme design as well as
the provision of STI testing and additional sexual health ser-
vices. Differences in STI testing by PrEP programme charac-
teristics were analysed using chi-square test for the
categorical outcomes (e.g. whether or not specific STI testing
was provided) and T-test for the continuous outcome vari-
ables (e.g. number of STIs tested). A p < 0.05 was defined as
statistically significant. Statistical analyses were performed
using STATA version 16 (StataCorp. 2019. Stata Statistical
Software: Release 16. College Station, TX: StataCorp LLC). A
content analysis of reports from the PrEP implementers was
used to summarize the challenges and facilitators to provide
STI testing to PrEP users. As this review was focused on
describing STI services for PrEP users, no risk of bias assess-
ment was conducted.
No ethics approval was needed as this was a systematic

review with no patient involvement. Consent was implied if
PrEP providers responded to providing information about
their PrEP programme.

3 | RESULTS

Of 9161 citations identified, 82 publications and nine unpub-
lished data from PrEP implementers were included in this
analysis (Figure 1). Table 1 summarizes the characteristics of
these 91 PrEP programmes. Data came from 32 countries,
mostly from high-income countries (HICs) (63/91, 69%),
including 40 programmes (44%) from the United States alone.
The majority of the programmes were targeting men who
have sex with men (MSM) and transgender women (TGW)
only (64%, 58/100). Around half of the PrEP programmes
were delivered through hospital-based outpatient facilities
including sexual health clinics (50/91, 55%). More details from
these programmes are reported in Table S1.
The majority of programmes (70%, 64/91) conducted STI

testing before the initiation of PrEP. The most common STIs
tested were gonorrhoea (86%, 78/91), chlamydia (84% 76/91)
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and syphilis (84% 76/91). The majority of programmes pro-
vided routine testing for those three STIs at three-month
intervals (70%, 53/76, for syphilis; 70% 53/78, for chlamydia;
68%, 53/78, for gonorrhoea). Molecular testing (72%, 56/78)
was the most commonly reported method used for chlamydia
and gonorrhoea testing; and serology for syphilis testing. A
proportion of the programmes also reported the testing of
Hepatitis B (53%, 48/91), Hepatitis C (36%, 33/91) and
Hepatitis A (13%, 12/91) with testing mainly provided only at
baseline (50%, 6/12, for Hepatitis A, 38%18/48, for Hepatitis
B, 15%, 5/33 for Hepatitis C), using serological laboratory-
based tests. On average, more than three STIs were tested in
the PrEP programmes (mean 3.53; SD 1.59). A small propor-
tion of programmes also provided vaccination for Hepatitis B
(19%, 17/91), Hepatitis A (9%, 8/91), or human papillomavirus
(HPV) (5%, 5/91). More than half of PrEP programmes (53%,
48/91) provided additional sexual health services (e.g. con-
dom/lubricants distribution, HIV/STI risk assessment, safe sex
counselling, risk reduction and health education counselling
etc.). Triple anatomical sites (throat, urethra/urine, anorectal)
screening was available in 43% (39/91) of PrEP programmes
and 48% (28/58) of PrEP programmes targeting MSM/TGW.
Antimicrobial resistance testing was reported in 8% (7/91) of
the programmes.
Table 2 reports the differences in STI testing by the income

level of the country where PrEP programmes were imple-
mented. Relative to low-and middle-income countries (LMICs),
programmes in HICs significantly had a higher availability of
testing for gonorrhoea (92% vs. 71%, p < 0.05), chlamydia

(92% vs. 64%, p < 0.01), syphilis (87% vs. 75%, p < 0.05), hep-
atitis A (18% vs. 4%, p < 0.05), hepatitis C (43% vs. 21%,
p < 0.05), more frequent testing (three-month interval) for
gonorrhoea (72% vs. 45%, p < 0.08, marginally significant) and
chlamydia (72% vs. 45%, p < 0.09, marginally significant),
being tested for a higher number of STIs (mean 3.75 vs. 3.04,
p < 0.05), and offered triple anatomical site STI testing (54%
vs. 18%, p < 0.001).
Table 3 reports the differences in STI testing by the charac-

teristics of PrEP programme design. Results revealed a signifi-
cant difference in the frequency of STI testing before PrEP
initiation, with the rate being the highest for RCT study (86%),
followed by cohort study (82%), demonstration project (77%)
and routine implementation (46%) (p < 0.05). On average, rou-
tine implementation project (81%) had the highest frequency
(three monthly) for syphilis testing, followed by cohort study
(69%), demonstration project (67%) and RCT study (29%)
(p < 0.05). The frequency of Hepatitis B testing was the high-
est in demonstration project (83%), followed by routine imple-
mentation (50%), cohort study (45%) and RCT study (29%)
(p < 0.05).
Table 4 reports the differences in STI testing by PrEP pro-

gramme participants. Compared to programmes which served
mixed populations, a higher proportion of programmes which
focused on MSM/TGW offered gonorrhoea, chlamydia syphilis
testing and more sexual health services, although those differ-
ences did not reach statistically significant level.
A total of 21 implementers sent back their completed sur-

vey (response rate 27%) of whom 12 (seven from LMICs) also

Figure 1. PRISMA flow chart.
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Table 1. Characteristics of STI testing services within PrEP

programmes (N = 91)

Programme indicators n (%)

Country income level

High-income 63 (69%)

Low- or middle-income 28 (31%)

First year of data

Before 2013 13 (14%)

2013 to 2015 31 (34%)

After 2016 47 (52%)

PrEP users population

MSM/TGW 58 (64%)

Mixed populationa 33 (36%)

Programme services site

Hospital and sexual health clinic 50 (55 %)

A mix of hospital and community clinic 20 (22%)

Community-based organizations/settings 18 (20%)

General practice 3 (3%)

Type of study

Routine implementation 28 (31%)

Open-label cohort study 39 (43%)

Demonstration project 17 (19%)

Randomized controlled trial 7 (8%)

Provided STI testing before PrEP initiation

Yes 64 (70%)

Not stated 27 (30%)

Provided gonorrhoea testing

Yes 78 (86%)

Not stated 13 (14%)

Gonorrhoea testing frequency (N = 78)

Every three months or shorter interval 53 (68%)

Every six months 17 (22%)

Every twelve months or longer 4 (5%)

Not stated 4 (5%)

Gonorrhoea testing methods (N = 78)

Molecular testing 56 (72%)

Not stated 22 (28%)

Provided chlamydia testing

Yes 76 (84%)

Not stated 15 (16%)

Chlamydia testing frequency (N = 76)

Every three months or shorte 53 (70%)

Every six months 17 (22%)

Every twelve months or longer 4 (5%)

Not stated 2 (3%)

Provided syphilis testing

Yes 76 (84%)

Not stated 15 (16 %)

Syphilis testing frequency (N = 76)

Every three months or shorter 53 (70%)

Every six months 15 (20%)

Every twelve months or longer 5 (6%)

Not stated 3 (4%)

Syphilis testing method (N = 76)

Serology 41 (54%)

Rapid diagnostic test 11 (14%)

PCR 2 (3%)

Not stated 22 (29%)

Table 1. (Continued)

Programme indicators n (%)

Provided Hepatitis A testing

Yes 12 (13%)

Not stated 79 (87%)

Hepatitis A testing frequency (N = 12)

At baseline only 6 (50%)

Every three months 5 (42%)

Every twelve months 1 (8%)

Provided Hepatitis A vaccination

Yes 8 (9%)

Not stated 83 (91%)

Provided Hepatitis B testing

Yes 48 (53%)

Not stated 43 (47%)

Hepatitis B testing frequency (N = 48)

Every three months 14 (29%)

Every six months 2 (4%)

Every twelve months 5 (10%)

At baseline only 18 (38%)

Not stated 9 (19%)

Provided Hepatitis B vaccination

Yes 17 (19%)

Not stated 74 (81%)

Provided Hepatitis C testing

Yes 33 (36%)

Not stated 58 (64%)

Hepatitis C testing frequency (N = 33)

Every three months 10 (30%)

Every six months 5 (15 %)

Every twelve months 6 (18%)

At baseline only 5 (15%)

Not stated 7 (22%)

Provided human papillomavirus vaccination

Yes 5 (6%)

Not stated 86 (94 %)

Number of STIs testedb (Range: 0 to 6)

Mean (SD) 3.53 (1.59)

Median (interquartile range) 3 (3 to 5)

Provided additional sexual health servicesc

Yes 48 (53%)

Not stated 43 (47%)

Triple anatomical site screening availabled

Yes 39 (43%)

Not stated 52 (57%)

Provided antimicrobial resistance testing

Yes 7 (8%)

Not stated 84 (92%)

MSM, men who have sex with men; SD, standard deviation; STI, sexu-
ally transmitted infection; TGW, transgender women.
The above notes also apply to Tables 2-4.
aMixed population included sero-discordant couples, female sex workers,
cis-gender females, transgender men, people who use drugs and hetero-
sexuals; btypes of STIs tested included gonorrhoea, chlamydia, syphilis,
Hepatitis A, Hepatitis B, Hepatitis C; cadditional sexual health services
include vaccination, free condoms, counselling, partner notification ser-
vices, etc.; dtriple site screening availability is defined as whether the use
of throat, urethra/urine and anorectal samples were available at the clinic.
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provided comments about the implementation challenges of pro-
viding STI services. There was a wide spectrum of STI services.
On one end was the provision of PrEP services that were inte-
grated into existing sexual health services (e.g. UK, Australia,
USA, France). These programmes usually provided triple-anatom-
ical site screening and provided other services such as vaccina-
tions for hepatitis A, hepatitis B and HPV, partner notification
services, counselling, mental health and substance use support.
There were often no direct user fees for PrEP users to utilize
STI services as these were paid for by national governments
(Australia, UK), insurance companies (USA) or philanthropic
organizations (USA). In the middle of the spectrum were pro-
grammes which primarily dispensed PrEP but also had additional
range of STI services (e.g. Vietnam, Japan, Brazil, Thailand, South
Africa, Kenya). These were usually fee-based services for STI
consultations, testing and treatment, though in some cases a
proportion of patient costs were subsidized by research funds
or other external funds. Therefore, in these countries, only lim-
ited STI screening was available: syphilis testing only (South
Africa) or chlamydia/gonorrhoea molecular testing only available
for limited anatomical sites (urethral only in Vietnam, rectal
swabs only in Malaysia, rectal and pharyngeal swabs in Japan).
At the other end of the spectrum were PrEP programmes
which did not have access to STI diagnostics and relied on syn-
dromic management (e.g. Kenya, South Africa, Morocco).

3.1 | Implementation challenges for provision of
STI services to PrEP users

The main themes related to STI diagnostics, programme logis-
tics of PrEP delivery and lack of STI capacity building.

Table 2. Differences in STI testing services in PrEP pro-

grammes by the income levels of countries where PrEP pro-

grammes were implemented (N = 91)

Programme indicators

Country income level

p-value

LMIC HIC

n (%)

(N = 28)

n (%)

(N = 63)

Had STI testing before PrEP initiation

Yes 21 (74%) 43 (68%) 0.35

Not stated 7 (26%) 20 (32%)

Provided gonorrhoea testing

Yes 20 (71%) 58 (92%) 0.01

Not stated 8 (29%) 5 (8%)

Gonorrhoea testing frequency (N = 78)

Every three months 9 (45%) 42 (72%) 0.08

Longer than three months interval 9 (45%) 14 (24%)

Not stated 2 (10%) 2 (3%)

Provided chlamydia testing

Yes 18 (64%) 58 (92%) 0.002

Not stated 10 (36%) 5 (8%)

Chlamydia testing frequency (N = 76)

Every three months 9 (45%) 42 (72%) 0.09

Longer than every three months 9 (55%) 14 (24%)

Not stated 0 (0%) 2 (4%)

Provided syphilis testing

Yes 21 (75%) 55 (87%) 0.04

No stated 7 (25%) 8 (13%)

Syphilis testing frequency (N = 76)

Every three months 13 (62%) 40 (73%) 0.23

Longer than every three months 8 (38%) 12 (22%)

Not stated 0 (0%) 3 (6%)

Provided hepatitis A testing

Yes 1 (4%) 11 (18%) 0.05

Not stated 27 (96%) 52 (82%)

Hepatitis A testing frequency (N = 12)

Every three months 1 (100%) 6 (55%) 0.5

At baseline only 0 (0%) 5 (45%)

Provided hepatitis A vaccination

Ye 1 (4%) 7 (11%) 0.23

Not stated 27 (96%) 56 (89%)

Provided hepatitis B testing

Yes 15 (54%) 33 (52%) 0.55

Not stated 13 (46%) 30 (48%)

Hepatitis B testing frequency (N = 48)

Testing at every 3/6/12 months 7 (47%) 14 (42%) 0.3

At baseline only 7 (47%) 11 (33%)

Not stated 1 (6%) 8 (24%)

Provided Hepatitis B vaccination

Yes 5 (31%) 12 (19%) 0.57

Not stated 23 (69%) 51 (81%)

Provided Hepatitis C testing

Yes 6 (21%) 27 (43%) 0.04

Not stated 22 (79%) 36 (57%)

Hepatitis C testing frequency (N = 33)

Testing at every 3/6/12 months 4 (67%) 17 (63%) 0.32

At baseline only 2 (33%) 3 (11%)

Not stated 0 (0%) 7 (26%)

Table 2. (Continued)

Programme indicators

Country income level

p-value

LMIC HIC

n (%)

(N = 28)

n (%)

(N = 63)

Provided HPV vaccination

Ye 1 (4%) 4 (6%) 0.48

Not stated 27 (96%) 59 (94%)

Numbers of STIs testedb (Range: 0 to 6)

Mean (SD) 3.04 (1.60) 3.75 (1.56) 0.04

Additional sexual health services provided

Yes 16 (57%) 32 (51%) 0.37

Not stated 12 (43%) 31 (49%)

Triple anatomical site STI screening availabled

Yes 5 (18%) 34 (54%) 0.001

Not stated 23 (82%) 29 (46%)

Provided antimicrobial resistance testing

Yes 2 (7%) 5 (8%) 0.63

Not stated 26 (93%) 58 (92%)

Please refer to the notes under Table 1 for the definitions of variables
and abbreviations Regarding statistical analyses, student T test was
used to examine the difference in number of STI tested (continuous
variable) between HICs and LMIC. We used the Chi-square test for
categorical variables. The same types of analyses were used to pro-
duce the results in Tables 3 and 4. Numbers in bold indicate a statisti-
cally significant difference (p < 0.05).
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Table 3. Differences in STI testing services by PrEP programme study design (N = 91)

Programme indicators

Type of PrEP programme

p-value

Routine implementation Cohort Study Demonstration project RCT Study

n (%)

(N = 28)

n (%)

(N = 39)

n (%)

(N = 17)

n (%)

(N = 7)

Had STI testing before PrEP initiation

Yes 13 (46%) 32 (82%) 13 (77%) 6 (86%) 0.01

Not stated 15 (53%) 7 (18%) 4 (23%) 1 (14%)

Provided gonorrhoea testing

Yes 24 (86%) 34 (87%) 14 (82%) 6 (86%) 0.98

Not stated 4 (14%) 5 (13%) 3 (18%) 1 (5%)

Gonorrhoea testing frequency (N = 78)

Every three months 17 (71%) 24 (71%) 8 (57%) 2 (33%) 0.23

Longer than three months interval 5 (21%) 9 (29%) 5 (36%) 4 (67%)

Not stated 2 (8%) 1 (3%) 1 (7%) 0 (0%)

Provided chlamydia testing

Yes 24 (86%) 33 (85%) 13 (77%) 6 (86%) 0.86

Not stated 4 (14%) 6 (15%) 4 (23%) 1 (14%)

Chlamydia testing frequency (N = 76)

Every three months 17 (71%) 24 (73%) 8 (57%) 2 (33%) 0.16

Longer than every three months 5 (21%) 9 (27%) 5 (43%) 4 (67%)

Not stated 2 (8%) 0 (0%) 0 (0%) 0 (0%)

Provided syphilis testing

Yes 24 (86%) 32 (82%) 13 (77%) 7 (100%) 0.54

No stated 4 (14%) 7 (18%) 4 (23%) 0 (0%)

Syphilis testing frequency (N = 76)

Every three months 16 (67%) 26 (81%) 9 (69%) 2 (29%) 0.02

Longer than every three months 5 (21%) 6 (19%) 4 (31%) 5 (71%)

Not stated 3 (12%) 0 (0%) 0 (0%) 0 (0%)

Provided Hepatitis A testing

Yes 4 (14%) 5 (13%) 2 (11%) 1 (14%) 0.99

Not stated 24 (86%) 34 (87%) 15 (89%) 6 (86%)

Hepatitis A testing frequency (N = 12)

Every three months 1 (25%) 4 (80%) 1 (50%) 0 (0%) 0.28

At baseline only 3 (75%) 1 (20%) 1 (50%) 1 (100%)

Provided hepatitis A vaccination

Yes 4 (14%) 1 (3%) 2 (12%) 1 (14%) 0.33

Not stated 24 (86%) 38 (97%) 15 (88%) 6 (86%)

Provided Hepatitis B testing

Yes 14 (50%) 18 (45%) 15 (83%) 2 (29%) 0.01

Not stated 14 (50%) 22 (55%) 3 (17%) 5 (71%)

Hepatitis B testing frequency (N = 48)

Testing at every 3/6/12 months 3 (21%) 7 (41%) 10 (77%) 1 (50%) 0.31

At baseline only 8 (57%) 6 (35%) 3 (23%) 1 (50%)

Not stated 3 (21%) 4 (24%) 2 (14%) 0 (0%)

Provided hepatitis B vaccination

Yes 5 (18%) 5 (13%) 6 (35%) 1 (14%) 0.25

Not stated 23 (82%) 34 (87%) 11 (65%) 6 (86%)

Provided hepatitis C testing

Yes 11 (39%) 13 (33%) 8 (47%) 1 (14%) 0.46

Not stated 17 (61%) 26 (67%) 9 (53%) 6 (86%)

Hepatitis C testing frequency (N = 33)

Testing at every 3/6/12 months 8 (73%) 9 (69%) 4 (50%) 0 (0%) 0.28
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Regarding diagnostics, PrEP implementers from both HIC and
LMIC settings discussed the lack of accurate, affordable and
easy to use point-of-care STI tests for chlamydia/gonorrhoea.
Although a near-patient test (e.g. GeneXpert platform) is avail-
able, it remains unaffordable for many LMIC settings. Regard-
ing PrEP service delivery, individuals described community-
based delivery models to improve PrEP access (e.g. Thailand,
Kenya), but the decentralization of services brought unfore-
seen challenges around STI services (e.g. need for injectable
antibiotics for syphilis/gonorrhoea treatment). Most managers
from LMIC settings cited poor integration of STI services into
PrEP programmes and perceived time constraints for PrEP
providers to also discuss STI testing and management with
PrEP users. Related to this was the lack of capacity building
for PrEP providers to deliver STI services including the lack of
basic equipment for vaginal or anal examinations and limited
STI training for PrEP providers.
The main themes related to improving the provision of STI

services included greater funding of programmes, better train-
ing and access to STI point-of-care tests. Regarding finances,
the need for lower costs of STI diagnostics was brought up by
all implementers. One implementor suggested the need for an
international or regional bulk-purchasing mechanism for STI
diagnostics for sustainable supply, as exists for HIV diagnos-
tics. Some stressed that funding should also be made available
for provision of other sexual health services as well as for vac-
cinations, mental health and substance use support. Regarding
training, one implementer suggested incorporating mandatory
STI training for PrEP providers. It was noted that each coun-
try has their own testing protocols, with a need for clearer
and more unified recommendation for STI testing in PrEP

users by the WHO, particularly regarding the frequency of
testing, which STIs to test, and what anatomical sites to test
[14]. Regarding diagnostics, some made suggestions to con-
sider pooled testing (i.e. grouping samples from various
anatomical sites of the same patient into one sample), and STI
self-sampling or self-testing. More research was suggested to
develop and evaluate accurate, affordable easy to use POCT
for STI diagnosis and simpler, effective treatment regimens
(oral preferred).

4 | DISCUSSION

Given the high prevalence and incidence of STIs among PrEP
users reported in a previous systematic analysis across several
settings [7], regular STI testing is recommended for PrEP
users. However, this systematic review highlights the missed
opportunities in providing STI testing within PrEP pro-
grammes. PrEP has been effective in reducing HIV at the pop-
ulation level [15,16], and if STI services can be integrated
within all PrEP programmes, there is the potential to also con-
trol STI pandemics [17]. Higher coverage and more frequent
STI testing among high-risk individuals using PrEP and their
partners could reduce STI prevalence [18,19].
Globally, STI services are often underprioritized and under-

funded, particularly in resource-limited settings. We identified
a spectrum of STI services implemented in PrEP programmes
with key differences according to country income level, type
of PrEP programme and target population. Given the high STI
prevalence at entry into the programme and STI incidence
during PrEP use [20], additional STI services could improve

Table 3. (Continued)

Programme indicators

Type of PrEP programme

p-value

Routine implementation Cohort Study Demonstration project RCT Study

n (%)

(N = 28)

n (%)

(N = 39)

n (%)

(N = 17)

n (%)

(N = 7)

At baseline only 1 (9%) 1 (8%) 2 (25%) 1 (100%)

Not stated 2 (18%) 3 (23%) 2 (25%) 0 (0%)

Provided HPV vaccination

Yes 3 (11%) 0 (0%) 2 (12%) 0 (0%) 0.14

Not stated 25 (89%) 39 (100%) 15 (88%) 7 (100%)

Numbers of STIs testedb (Range: 0 to 6)

Mean (SD) 3.36 (1.85) 3.67(1.40) 3.59 (1.73) 3.29 (1.38) 0.85

Additional sexual health services provided

Yes 15 (54%) 19 (49%) 11 (65%) 3 (43%) 0.68

Not stated 13 (46%) 20 (51%) 6 (35%) 4 (57%)

Triple anatomical site STI screening availabled

Yes 14 (50%) 15 (39%) 5 (29%) 5 (70%) 0.21

Not stated 14 (50%) 24 (61%) 12 (71%) 2 (30%)

Provided antimicrobial resistance testing

Yes 1 (4%) 4 (10%) 1 (6%) 1 (14%) 0.67

Not stated 27 (96%) 35 (90%) 16 (94%) 6 (86%)

Please refer to the notes under Tables 1 and 2 regarding the definitions of variables and abbreviations, and statistical analyses used to produce
the results. Numbers in bold indicate a statistically significant difference (p < 0.05).
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value for money for these services. With increasing demand
for PrEP globally, this is an opportunity to ensure more com-
prehensive STI and HIV service integration to interrupt the
chains of STI transmission among sexual networks with high
prevalence and incidence of STIs [7]. This synergistic approach
improves existing health inequities and inefficiencies from a
public health perspective [21], particularly if PrEP programmes
can be the gateway for more comprehensive sexual health
services for PrEP users: including better access to condoms
and lubricants, reproductive choices, vaccinations for hepatitis
A and B and HPV and substance use and mental health
support.
Our review revealed challenges in implementing integrated

STI services within PrEP programmes. The key challenges
raised by PrEP implementers included: (1) limited resources
for STI testing; (2) programme logistics of combined STI and
PrEP delivery and (3) inadequate capacity and training of pro-
gramme staff to deliver STI services to PrEP users. The lack
of resources for STI molecular diagnostics (particularly limited
options of POC testing for chlamydia and gonorrhoea) [22]
has hampered many countries’ capacity to provide aetiological
STI diagnoses, with greater reliance on syndromic manage-
ment or limited use of diagnostics. This results in substantial

Table 4. Differences in STI testing services in PrEP programmes

by participant types (N = 91)

Programme indicators

Programme target

populations

p-value

MSM/

TGW

Mixed

populationa

n (%)

(N = 58)

n (%)

(N = 33)

Had STI testing before PrEP initiation

Yes 41 (71%) 23 (70%) 0.55

Not stated 17 (29%) 10 (30%)

Provided gonorrhoea testing

Yes 52 (90%) 26 (79%) 0.13

Not stated 6 (10%) 7 (21%)

Gonorrhoea testing frequency (N = 78)

Every three months 36 (69%) 15 (58%) 0.46

Longer than three months

interval

13 (25%) 10 (39%)

Not stated 3 (6%) 1 (4%)

Provided chlamydia testing

Yes 51 (88%) 25 (76%) 0.11

Not stated 7 (12%) 8 (24%)

Chlamydia testing frequency (N = 76)

Every three months 36 (71%) 15 (60%) 0.30

Longer than every three

months

13 (25%) 10 (40%)

Not stated 2 (4%) 0 (0%)

Provided syphilis testing

Yes 49 (85%) 27 (82%) 0.48

No stated 9 (15%) 6 (18%)

Syphilis testing frequency (N = 76)

Every three months 32 (65%) 21 (78%) 0.32

Longer than every three

months

14 (29%) 6 (22%)

Not stated 3 (6%) 0 (0%)

Provided Hepatitis A testing

Yes 8 (14%) 4 (12%) 0.55

Not stated 50 (86%) 29 (88%)

Hepatitis A testing frequency (N = 12)

Every three months 4 (50%) 2 (50%) 0.73

At baseline only 4 (50%) 2 (50%)

Provided hepatitis A vaccination

Yes 7 (12%) 1 (3%) 0.14

Not stated 51 (88%) 32 (97%)

Provided hepatitis B testing

Yes 29 (50%) 19 (58%) 0.32

Not stated 29 (50%) 14 (42%)

Hepatitis B testing frequency (N = 48)

Testing at every 3/6/

12 months

13 (45%) 8 (42%) 0.32

At baseline only 10 (35%) 8 (42%)

Not stated 6 (21%) 3 (16%)

Provided hepatitis B vaccination

Yes 13 (22%) 4 (12%) 0.18

Not stated 45 (78%) 29 (88%)

Table 4. (Continued)

Programme indicators

Programme target

populations

p-value

MSM/

TGW

Mixed

populationa

n (%)

(N = 58)

n (%)

(N = 33)

Provided hepatitis C testing

Yes 22 (37%) 11 (32%) 0.42

Not stated 37 (63%) 22 (68%)

Hepatitis C testing frequency (N = 33)

Testing at every 3/6/

12 months

12 (71%) 9 (100%) 0.18

At baseline only 5 (29%) 0 (0%)

Not stated 5 (23%) 2 (18%)

Provided HPV vaccination

Yes 5 (9%) 0 (0%) 0.10

Not stated 53 (91%) 33 (100%)

Numbers of STIs testedb (Range: 0 to 6)

Mean (SD) 3.61 (1.63) 3.48 (1.58) 0.73

Additional sexual health services provided

Yes 29 (50%) 19 (58%) 0.32

Not stated 29 (50%) 14 (41%)

Triple anatomical site STI screening availabled

Yes 28 (48%) 11 (33%) 0.12

Not stated 30 (51%) 22 (67%)

Provided antimicrobial resistance testing

Yes 5 (9%) 2 (6%) 0.50

Not stated 53 (91%) 31 (94%)

Please refer to the notes under Tables 1 and 2 regarding the defini-
tions of variables and abbreviations, and statistical analyses used to
produce the results in the tables.

Ong JJ et al. Journal of the International AIDS Society 2021, 24:e25673
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25673/full | https://doi.org/10.1002/jia2.25673

8

http://onlinelibrary.wiley.com/doi/10.1002/jia2.25673/full
https://doi.org/10.1002/jia2.25673


missed and over treatment, poor antibiotic stewardship and
the inability to control STIs, as the majority of individuals with
an STI are asymptomatic and antibiotic resistant-STIs could be
concentrated within specific sexual networks [23]. As PrEP
programmes continue to be scaled up globally, we recommend
greater attention and resource allocation towards addressing
the logistics of offering STI services and STI training of staff
delivering PrEP. In particular, most PrEP users currently are
MSM/TGW in HIC but there is increased interest and funding
available for PrEP in LMIC for MSM/TGW and for other
groups at substantial HIV risk such as sex workers young
women and couples in Eastern and Southern Africa, in where
there is an urgent need for incorporating sexual and reproduc-
tive health services (e.g. family planning, contraceptives and
pregnancy testing) [24]. We also need greater access to prac-
tical implementation lessons from other PrEP programmes
that have successfully integrated HIV/STI testing [25].
Increasing access to STI services among PrEP users has the

potential for beneficial direct and indirect spillover effects for
non-PrEP users. Direct benefits include earlier diagnosis and
management of STIs among PrEP users, which can reduce the
community burden of STIs [18]. Indirect benefits include the
strengthening of a country’s infrastructure of sexual health
services which can benefit the community’s sexual and repro-
ductive health as a whole. To ensure equitable access to PrEP
for all subpopulations, there must be continued efforts to
diversify how PrEP can be accessed – not just through medi-
cal facilities [25].
The strengths of our review are the inclusion of data from

32 countries including non-MSM populations, inclusion of sev-
eral LMIC settings, with first-hand supplemental data collected
directly from PrEP implementers worldwide. Our findings
should be considered in light of several limitations: (1) There
were inconsistencies in documentation of STI testing in exist-
ing PrEP programmes. The missing information on STI testing
in PrEP programmes could potentially result in either an
underestimation of STI testing for PrEP users or over-estima-
tion if only PrEP programmes with STI services responded to
the survey. Furthermore, there was sparse information on
linkage to appropriate management once an individual was
diagnosed with an STI. This was beyond the scope of our
study but future research to confirm linkage to care is hap-
pening. (2) We grouped findings from research studies and
routinely implemented programmes; we acknowledge that
there are different funding constraints depending on the type
of PrEP programmes, which may affect the feasibility of pro-
viding STI testing. (3) We had limited power to conduct multi-
variable analysis to ascertain the differences between STI
testing across PrEP programmes. Many results on the differ-
ences in STI testing across PrEP programmes were statisti-
cally insignificant at bi-variable analysis, although many of the
differences were significant in size. Future studies (including
stakeholder analyses) exploring the differences between STI
testing programmes for PrEP users would be beneficial. (4)
We did not find any economic evaluations of incremental costs
related to integrating STI services within PrEP programmes.
This is an area for future research to evaluate the potential
for economies of scope and scale, and would support advo-
cacy for the active integration of sexual health services within
PrEP programmes. (5) Many studies came from the United
States which may skew our findings presented in Table 2.

5 | CONCLUSIONS

This review documents the integration of STI services within
existing PrEP programmes globally. Overall, there is inconsis-
tent access to STI services for PrEP users with programmes
testing a different number of STI pathogens with different fre-
quencies and variable integration of other sexual health and
preventative services (e.g. vaccination). Together, the evidence
suggests the need for more comprehensive STI services avail-
able to PrEP users. In particular, with the rising interest
among LMIC in expanding PrEP among key populations with
overlapping risk factors for STIs, this represents a unique
opportunity to facilitate integrated HIV and STI service mod-
els, which will contribute to curtailing the synergistic epi-
demics of HIV and STIs in high-risk underserved populations
globally.

AUTHORS ’ AFF I L IAT IONS

1London School of Hygiene and Tropical Medicine, London, UK; 2Monash
University, Melbourne, Australia; 3Eastern Virginia Medical School, Norfolk, VA,
USA; 4World Health Organization, Geneva, Switzerland; 5University of North
Carolina at Chapel Hill, Chapel Hill, NC, USA; 6University of Minnesota, Min-
neapolis, MN, USA

COMPET ING INTEREST

All authors declare that they do not have any conflict of interest.

AUTHORS ’ CONTR IBUT IONS

JJO, PM, RB and TW designed the research study. JJO, HYF, MKS, SR and JF
performed the research. JJO and HYF analysed the data. All authors (JJO, HYF,
RCB, TEW, JDT, MKS, SF, JF, FTP, IM and PM) contributed to writing the paper
and approved the final manuscript for submission.

ACKNOWLEDGEMENTS

We thank the World Health Organization (WHO) and Australian National
Health and Medical Research Council (GNT1104781) for funding the project,
and the following people for supplying data from their PrEP programmes:
Clara Agutu (KEMRI, Kenya), Iskandar Azwa (University of Kuala Lumpur,
Malaysia), Irith de Baetselier (Institute of Tropical Medicine, Belgium), Amal
Ben Moussa (Association de LutteContre le Sida), Adele S. Benzaken (Ministry
of Health, Brazil), Pedro Carneiro (Callen-Lorde Community Health Centre,
USA), Connie Celum (University of Washington, USA), Eric Chow (Monash
University, Australia), Sinead Delany-Moretlwe (Wits RHI, South Africa), Bonnie
Dye (FHI 360, USA), Beatriz Grinsztejn (Instituto Nacional de Infectologia
Evandro Chagas, Fiocruz, Brazil), Andrew Grulich (University of New South
Wales, Australia), Noel Gill (Public Health England, United Kingdom), Susan
Graham (University of Washington, USA), Kimberly Green (PATH, Vietnam),
Elske Hoornenborg (Public Health Service of Amsterdam, Netherlands), Emilia
Jalil (Instituto Nacional de Infectologia Evandro Chagas, Fiocruz, Brazil), Mehdi
Karkouri (Association de Lutte Contre le Sida, Morroco), Jordan Kyongo (LVCT
Health, Kenya), Daisuke Mizushima (National Center for Global Health and
Medicine Research Institute, Japan), Jean-Michel Molina (University of Paris,
France), Michalina Montano (University of Washington, USA), Jennifer Morton
(University of Washington, USA), Saiqa Mullick (Wits RHI, South Africa), Victor
Pecoul (Checkpoint Geneve, Switzerland), Nittaya Phanuphak (Thai Red Cross,
Thailand), Asa Radix (Callen-Lorde Community Health Centre, USA), Hasina
Subedar (National Department of Health, South Africa), Justin Toro (Monte-
fiore Medical Centre, USA), Julian Torres (Montefiore Medical Centre, USA),
Bea Vuylsteke (Institute of Tropical Medicine, Belgium) and Ellen White
(University College London, UK).

REFERENCES

1. Cohen MS, Chen YQ, McCauley M, Gamble T, Hosseinipour MC, Kumara-
samy N, et al. Prevention of HIV-1 infection with early antiretroviral therapy. N
Engl J Med. 2011;365(6):493–505.

Ong JJ et al. Journal of the International AIDS Society 2021, 24:e25673
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25673/full | https://doi.org/10.1002/jia2.25673

9

http://onlinelibrary.wiley.com/doi/10.1002/jia2.25673/full
https://doi.org/10.1002/jia2.25673


2. Grant RM, Lama JR, Anderson PL, McMahan V, Liu AY, Vargas L, et al. Pre-
exposure chemoprophylaxis for HIV prevention in men who have sex with men.
N Engl J Med. 2010;363(27):2587–99.
3. McCormack S, Dunn DT, Desai M, Dolling DI, Gafos M, Gilson R, et al. Pre-
exposure prophylaxis to prevent the acquisition of HIV-1 infection (PROUD):
effectiveness results from the pilot phase of a pragmatic open-label randomised
trial. Lancet. 2016;387(10013):53–60.
4. Molina JM, Capitant C, Spire B, Pialoux G, Cotte L, Charreau I, et al. On-de-
mand preexposure prophylaxis in men at high risk for HIV-1 infection. N Engl J
Med. 2015;373(23):2237–46.
5. Global Advocacy for HIV Prevention. PrEPWatch. [cited 2021 Feb 10]. Avail-
able from: https://www.prepwatch.org/
6. The World Health Organization. WHO expands recommendation on oral pre-
exposure prophylaxis of HIV infection (PrEP) Policy Brief. [cited 2021 Feb 10].
Available from: https://www.who.int/hiv/pub/prep/policy-brief-prep-2015/en/
7. Ong JJ, Baggaley RC, Wi TE, Tucker JD, Fu H, Smith MK, et al. Global epi-
demiologic characteristics of sexually transmitted infections among individuals
using preexposure prophylaxis for the prevention of HIV infection: a systematic
review and meta-analysis. JAMA Netw Open. 2019;2(12):e1917134.
8. World Health Organization. Sexual health and its linkages to reproductive
health: an operational approach. [cited 2021 Feb 10]. Available from: https://
www.who.int/reproductivehealth/publications/sexual_health/sh-linkages-rh/en/
9. Cochrane handbook for systematic reviews of interventions version 5.1.
[cited 2021 Feb 10]. Available from: https://training.cochrane.org/handbook
10. Falconer J, Ong JJ, Mayaud P. Search strategies to investigate STI testing
amongst PrEP users. London, United Kingdom; London School of Hygiene &
Tropical Medicine; 2018. https://doi.org/10.17037/DATA.00001778
11. Traeger MW, Schroeder SE, Wright EJ, Hellard ME, Cornelisse VJ, Doyle
JS, et al. Effects of Pre-exposure Prophylaxis for the Prevention of Human
Immunodeficiency Virus Infection on Sexual Risk Behavior in Men Who Have
Sex With Men: A Systematic Review and Meta-analysis. Clin Infect Dis. 2018;67
(5):676–86.
12. Kojima N, Davey DJ, Klausner JD. Pre-exposure prophylaxis for HIV infec-
tion and new sexually transmitted infections among men who have sex with
men. AIDS. 2016;30(14):2251–2.
13. Werner RN, Gaskins M, Nast A, Dressler C. Incidence of sexually transmit-
ted infections in men who have sex with men and who are at substantial risk of
HIV infection - a meta-analysis of data from trials and observational studies of
HIV pre-exposure prophylaxis. PLoS One. 2018;13:e0208107.
14. World Health Organization implementation tool for pre-exposure prophy-
laxis of HIV infection. [cited 2021 Feb 10]. Module 10. Testing providers. Avail-
able from: https://www.who.int/hiv/pub/prep/prep-implementation-tool/en/
15. Grulich AE, Guy R, Amin J, Jin F, Selvey C, Holden J, et al. Population-level
effectiveness of rapid, targeted, high-coverage roll-out of HIV pre-exposure pro-
phylaxis in men who have sex with men: the EPIC-NSW prospective cohort
study. Lancet HIV. 2018;5(11):e629–37.
16. Nwokolo N, Hill A, McOwan A, Pozniak A. Rapidly declining HIV infection in
MSM in central London. Lancet HIV. 2017;4(11):e482–3.

17. Rowley J, Vander Hoorn S, Korenromp EL, Low N, Unemo M, Abu-Rad-
dad LJ, et al. Chlamydia, gonorrhoea, trichomoniasis and syphilis: global
prevalence and incidence estimates, 2016. Bull World Health Organ. 2019;97
(8):548–562P.
18. Jenness SM, Weiss KM, Goodreau SM, Gift T, Chesson H, Hoover KW,
et al. Incidence of gonorrhea and chlamydia following human immunodeficiency
virus preexposure prophylaxis among men who have sex with men: a modeling
study. Clin Infect Dis. 2017;65(5):712–8.
19. Chow EPF, Callander D, Fairley CK, Zhang L, Donovan B, Guy R, et al.
Increased syphilis testing of men who have sex with men: greater detection of
asymptomatic early syphilis and relative reduction in secondary syphilis. Clin
Infect Dis. 2017;65(3):389–95.
20. Ong J, Baggaley R, Wi T, Tucker J, Fu H, Smith K, et al. Global epidemiology
of sexually transmitted infections in HIV pre-exposure prophylaxis users: a sys-
tematic review and meta-analysis. JAMA Network Open. 2019;2:e1917134.
21. World Health Organization. Prevention and control of sexually transmitted
infections (STIs) in the era of oral pre-exposure prophylaxis (PrEP) for HIV.
[cited 2021 Feb 10]. Available from: https://www.who.int/hiv/pub/prep/preve
ntion-sti-prep/en/
22. Toskin I, Murtagh M, Peeling RW, Blondeel K, Cordero J, Kiarie J. Advanc-
ing prevention of sexually transmitted infections through point-of-care testing:
target product profiles and landscape analysis. Sex Transm Infect. 2017;93(S4):
S69–80.
23. Town K, Harris S, Sanchez-Buso L, Cole MJ, Pitt R, Fifer H, et al. Genomic
and phenotypic variability in neisseria gonorrhoeae antimicrobial susceptibility.
England. Emerg Infect Dis. 2020;26(3):505–15.
24. Pollock L, Levison J. Role of Preexposure Prophylaxis in the Reproductive
Health of Women at Risk for Human Immunodeficiency Virus Infection. Obstet
Gynecol. 2018;132(3):687–91.
25. Zablotska IB, Baeten JM, Phanuphak N, McCormack S, Ong J. Getting pre-
exposure prophylaxis (PrEP) to the people: opportunities, challenges and exam-
ples of successful health service models of PrEP implementation. Sex Health.
2018;15(6):481–4.

SUPPORTING INFORMATION

Additional information may be found under the Supporting
Information tab for this article.
Table S1. PREP studies included in the systematic review
(N = 91).
File S1. PRISMA checklist
File S2. Search methodology and search results
File S3. Survey for PrEP implementers

Ong JJ et al. Journal of the International AIDS Society 2021, 24:e25673
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25673/full | https://doi.org/10.1002/jia2.25673

10

https://www.prepwatch.org/
https://www.who.int/hiv/pub/prep/policy-brief-prep-2015/en/
https://www.who.int/reproductivehealth/publications/sexual_health/sh-linkages-rh/en/
https://www.who.int/reproductivehealth/publications/sexual_health/sh-linkages-rh/en/
https://training.cochrane.org/handbook
https://doi.org/10.17037/DATA.00001778
https://www.who.int/hiv/pub/prep/prep-implementation-tool/en/
https://www.who.int/hiv/pub/prep/prevention-sti-prep/en/
https://www.who.int/hiv/pub/prep/prevention-sti-prep/en/
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25673/full
https://doi.org/10.1002/jia2.25673


Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Ong, JJ;Fu, H;Baggaley, RC;Wi, TE;Tucker, JD;Smith, MK;Rafael, S;Falconer, J;Terris-
Prestholt, F;Mameletzis, I;Mayaud, P

Title:
Missed opportunities for sexual transmitted infections testing for HIV pre-exposure
prophylaxis users: a systematic review

Date:
2021-02-01

Citation:
Ong, J. J., Fu, H., Baggaley, R. C., Wi, T. E., Tucker, J. D., Smith, M. K., Rafael, S., Falconer,
J., Terris-Prestholt, F., Mameletzis, I. & Mayaud, P. (2021). Missed opportunities for sexual
transmitted infections testing for HIV pre-exposure prophylaxis users: a systematic review.
JOURNAL OF THE INTERNATIONAL AIDS SOCIETY, 24 (2), https://doi.org/10.1002/
jia2.25673.

Persistent Link:
http://hdl.handle.net/11343/273081

License:
CC BY

http://hdl.handle.net/11343/273081
CC%20BY

	Outline placeholder
	jia225673-tbl-0001
	jia225673-tbl-0002
	jia225673-tbl-0003
	jia225673-tbl-0004
	jia225673-bib-0001
	jia225673-bib-0002
	jia225673-bib-0003
	jia225673-bib-0004
	jia225673-bib-0005
	jia225673-bib-0006
	jia225673-bib-0007
	jia225673-bib-0008
	jia225673-bib-0009
	jia225673-bib-0010
	jia225673-bib-0011
	jia225673-bib-0012
	jia225673-bib-0013
	jia225673-bib-0014
	jia225673-bib-0015
	jia225673-bib-0016
	jia225673-bib-0017
	jia225673-bib-0018
	jia225673-bib-0019
	jia225673-bib-0020
	jia225673-bib-0021
	jia225673-bib-0022
	jia225673-bib-0023
	jia225673-bib-0024
	jia225673-bib-0025


