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Abstract

Background: Men who have sex with men (MSM) are at high risk for bacterial sexually transmitted infections (STIs), including
gonorrhea, chlamydia, and syphilis, in Kenya. Because nucleic acid amplification testing (NAAT) is not widely accessible, most
gonorrhea and chlamydia infections go undiagnosed and are treated only if symptomatic. World Health Organization
(WHO)–recommended periodic presumptive treatment (PPT) and doxycycline post-exposure prophylaxis (doxyPEP) are both
potential interventions to reduce the burden of bacterial STIs in this population. Neither has been rigorously tested among MSM
in Africa.

Objective: This study aims to evaluate the effectiveness of WHO-recommended PPT versus doxyPEP, compared with standard
syndromic treatment, in reducing the prevalence of bacterial STIs, including gonorrhea, chlamydia, and syphilis, among MSM
in Kenya.

Methods: We are conducting an open-label randomized controlled trial with 2900 participants assigned in a 2:2:1 ratio to
WHO-recommended PPT given every 3 months, doxyPEP taken 24-72 hours after condomless sex, or standard treatment.
Sociodemographic, psychosocial, and behavioral data are collected by audio computer-assisted self-interview. Syphilis testing
and treatment are provided as part of standard care. Throat and rectal swabs and urine are collected, pooled, and batch tested for
gonorrhea and chlamydia by NAAT; these results are not used to guide treatment. The primary trial outcome is the combined
prevalence of laboratory-diagnosed gonorrhea, chlamydia, and early syphilis after baseline; secondary outcomes include the
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prevalence of each pathogen individually and antimicrobial resistance in Neisseria gonorrhoeae. Primary and secondary outcomes
will be compared between each intervention and the common control arm by estimating relative risks over follow-up (months
3-18) using a modified Poisson model fitted with generalized estimating equations. We will also assess implementation outcomes,
including acceptability, feasibility, and safety of each intervention compared to standard care among providers and patients using
a mixed methods approach. Finally, we will evaluate the potential health and economic impact of scaling up WHO-recommended
PPT and doxyPEP compared to standard of care on STI control among MSM and their partners in Kenya using a stochastic,
network-based model and cost-effectiveness analysis on trial data.

Results: Enrollment commenced on October 29, 2025. As of November 25, 2025, a total of 357 participants (12.3% of target)
have been enrolled, including 133 in Kisumu, 122 in Nairobi, and 102 in Mombasa. Full enrollment is expected to take 6 months,
with follow-up occurring over 18 months per participant. Results will be published in 2028.

Conclusions: Results of this trial will provide critical data needed to inform guidelines to improve STI control among MSM in
sub-Saharan Africa and other resource-limited settings where NAAT is not routinely available. Modeled estimates of the health
and economic impact of scaling up these two interventions on STI control among MSM and their partners in Kenya will provide
critical information to guide policymakers considering adoption of either intervention.

Trial Registration: ClinicalTrials.gov NCT06468462; https://clinicaltrials.gov/ct2/show/NCT06468462

International Registered Report Identifier (IRRID): PRR1-10.2196/81113

(JMIR Res Protoc 2026;15:e81113) doi: 10.2196/81113
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Introduction

Gay and bisexual men and other men who have sex with men
(MSM) face disproportionate risk for sexually transmitted
infections (STIs), especially in resource-limited settings. The
burden of STIs is greatest in low- and middle-income countries,
and overlapping, synergistic epidemics of HIV and bacterial
STIs in Africa have been recognized since the earliest days of
the HIV epidemic [1-3]. Among MSM, STIs caused by Neisseria
gonorrhoeae (NG) and Chlamydia trachomatis (CT) are
significant causes of morbidity, ranging from urethritis,
epididymitis, and proctitis to disseminated gonococcal infection
[4]. Bacterial STIs can also lead to reproductive health problems
among female partners of MSM, including pelvic inflammatory
disease, chronic pelvic pain, tubal infertility, pregnancy
complications, and fetal and neonatal death [1,5-10]. In
sub-Saharan Africa, published prevalence estimates among
MSM have ranged from 3%-11.5% for NG, 10%-14.5% for
CT, and 1.1%-5.7% for early syphilis [11-17]. NG and CT
increase the risk of HIV-1 transmission [18], with estimates
from one study in the United States suggesting that 10.2% of
all HIV infections among MSM are attributable to NG and CT
[19]. Effective interventions to reduce the disproportionate
burden of STIs among MSM in resource-limited settings are
urgently needed.

Syndromic treatment is the standard of care for STI management
in most of sub-Saharan Africa; it is less costly than etiologic
testing [3], has relatively good sensitivity for male urethritis
(87%-99%), and high cure rates when administered [20].
Unfortunately, syndromic treatment misses over 90% of STIs
among MSM because they are asymptomatic, especially rectal
and pharyngeal infections [12,21]. While laboratory-based or
point-of-care nucleic acid amplification testing (NAAT) for NG
and CT is widely used in well-resourced settings [22,23], NAAT
for NG and CT is prohibitively expensive in African settings,

at approximately US $19 per test conducted and US $97 per
infection diagnosed, even if urethral, rectal, and pharyngeal
samples are pooled [11]. In contrast, the estimated health
expenditure per capita in Kenya in 2018 was US $88.39 [24].
The challenges with funding STI diagnostic tests are explicitly
acknowledged in the 2022 World Health Organization (WHO)
Implementation Tool for PrEP for HIV Infection, which
recommends a stepwise approach to integration of STI services
with HIV pre-exposure prophylaxis (PrEP) services, starting
with syndromic management and integrating rapid diagnostic
tests and eventually molecular tests depending on resource
availability [25]. While the development of low-cost
point-of-care diagnostics is an urgent priority [21,26], low-cost
and feasible interventions to control STIs among MSM are
needed now, as we await technology advances.

One intervention that holds promise to reduce STIs among MSM
globally is doxycycline post-exposure prophylaxis (doxyPEP).
In 2018, the IPERGAY substudy, a randomized open-label
clinical trial of doxycycline 200 mg within 24-72 hours after
condomless sex (doxyPEP) among MSM in France, reported a
good safety profile, high levels of adherence, and a 47% relative
reduction in new bacterial STIs among HIV PrEP users who
also took 200 mg of doxycycline following every sexual
encounter [27]. This reduction was driven by decreases in
incident CT (70% reduction) and syphilis infections (73%
reduction); there was no significant impact on NG [27]. Since
that time, the DoxyPEP study, an open-label trial among MSM
and transgender women living with HIV or taking PrEP in
Seattle and San Francisco, found a 66% significant reduction
in bacterial STIs in the PrEP cohort and a 62% reduction in the
HIV cohort [28]. Reductions for specific infections in these
cohorts were lower for NG than for CT and syphilis, at 55%
and 57% for NG versus 88% and 74% for CT and 87% and 77%
for syphilis, respectively [28]. More recently, the ANRS 174
DOXYVAC study in France, an open-label randomized trial of
doxyPEP and meningococcal group B vaccine with a 2 × 2
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factorial design, reported a significant reduction in all 3 STIs
(ie, NG, CT, and syphilis) in the doxyPEP group with early
termination of the control arm. The adjusted hazard ratio in the
doxyPEP arm was 0.17 (95% CI 0.12-0.26; P<.0001) for CT
or syphilis (or both) but only 0.78 (95% CI 0.60-1.01; P=.06) for
NG; there was no evidence that the vaccine was effective [29].
DoxyPEP as a patient-controlled intervention to reduce STIs
could be effective in resource-limited settings, although the lack
of quarterly NAAT to identify and treat “breakthrough” NG
infections could limit effectiveness of this strategy. Because
NG is the only STI that has been associated with increased HIV
acquisition among MSM in Kenya [30], its effective control
should be a priority. Research to evaluate the overall risk-benefit
ratio of doxyPEP, in terms of efficacy, long-term safety, impact
on antimicrobial resistance (AMR), and cost-effectiveness
among MSM in resource-limited settings is needed.

One additional STI control strategy has been proposed. In 2011,
the WHO recommended periodic presumptive treatment (PPT)
to eradicate asymptomatic NG and CT infections for MSM and
transgender women who report condomless receptive anal
intercourse and either multiple sex partners or a sex partner with
an STI in the past 6 months [4]. No specific frequency of this
intervention was recommended, and readers were referred to
syndromic treatment guidelines for regimen details [4]. Although
targeting criteria for this recommendation have been evaluated
by our research in Kenya [31,32], evidence of the efficacy of
PPT among MSM is lacking, as is an evaluation of its potential
downsides. Several studies on single-dose or monthly antibiotics
among female sex workers in Asia and Africa demonstrated
reduced disease burden using various PPT strategies [33-38].
Moreover, a meta-analysis of PPT intervention effects showed
a statistically significant impact on the incidence of curable
STIs in 13 of 14 studies included [39]. The premise that PPT
could help reduce STI burden among MSM in resource-limited
settings is supported by this evidence, yet an investigation of
the potential impact, risks, and benefits of PPT for MSM in a
randomized controlled trial has not been conducted. As a
provider-delivered strategy that can be directly observed, PPT
using cefixime and azithromycin, the currently recommended
syndromic regimen for CT and NG [40], could prove more
effective than doxyPEP if doxyPEP adherence is suboptimal or
if AMR limits the impact of doxyPEP on NG control.

The potential emergence of AMR is an important concern for
both doxyPEP and PPT. Following early studies of empiric
single-dose antibiotics to reduce NG burden among female sex
workers in the Philippines, some women (12%) reported
self-prescribing antibiotics for empiric treatment, and high rates
of penicillin-resistant NG were associated with self-prescription
[41]. Today, multidrug resistant NG is a growing international
public health issue [42-47]. In sub-Saharan Africa, reports of
cephalosporin resistance in NG have been relatively rare (<1%)
to date; however, high levels of tetracycline and quinolone
resistance have been reported, with detection of
plasmid-mediated tetracycline-resistant NG estimated at
73%-97% [42,43,48-50]. In Kenya specifically, no confirmed
cephalosporin resistance has been reported [42,51,52], although
one study reported increasing minimum inhibitory
concentrations for ceftriaxone in isolates collected between

2002 and 2009 [48]. Of note, doxycycline resistance in NG is
estimated at 56% in France [53,54], where doxyPEP had unclear
efficacy against NG in the IPERGAY study, compared to
20%-30% in the United States, where the doxyPEP study
demonstrated a significant decrease in NG incidence [28], but
has led to an increase in tetracycline resistance in NG in the
community [55]. Rigorous studies are needed to quantify the
scope of potential resistance that might accompany doxyPEP
or PPT in resource-limited settings with high levels of
tetracycline resistance, to mitigate this critical problem.

In this study, we will use a hybrid type 1
implementation-effectiveness trial to address three objectives:
(1) to evaluate the effectiveness of two interventions:
WHO-recommended PPT given every 3 months and doxyPEP
taken 24-72 hours after condomless anal sex, compared to
standard syndromic treatment, for reducing the combined
prevalence of laboratory-diagnosed gonorrhea, chlamydia, and
early syphilis (primary trial outcome) among Kenyan MSM;
(2) to assess implementation outcomes including the
acceptability, feasibility, and safety of each intervention
compared to standard care among providers and patients, using
a mixed methods approach; and (3) to evaluate the potential
health and economic impact of scaling up WHO-recommended
PPT and doxyPEP compared to standard of care on STI control
among MSM and their partners in Kenya using a stochastic,
network-based model and cost-effectiveness analysis based on
trial data.

Methods

Study Design
We will conduct an open-label randomized controlled trial with
a hybrid type 1 implementation-effectiveness component,
enrolling 2900 participants for 18 months of follow-up. The
trial will evaluate 2 interventions (ie, PPT vs doxyPEP) versus
the standard of care assigned in a 2:2:1 ratio.

Setting
The trial will be conducted at 3 research clinics in Kenya. In
Nairobi, participants will be enrolled and followed at the Sex
Workers Outreach Programme TRANSFORM Clinic, which is
managed by Partners for Health and Development in Africa. In
Kisumu, participants will be enrolled and followed at the Anza
Mapema Clinic, which is managed by the Nyanza Reproductive
Health Society. In Mombasa, participants will be enrolled and
followed at Hapa-Kenya, a community-based organization
serving the LGBTQ+ community, in partnership with the Pwani
Research Center, University of Washington, University of
Nairobi, and the Aurum Institute.

Population
To participate, individuals must be aged 18-29 years, be assigned
male sex at birth, identify as male, report condomless anal
intercourse and either multiple male sex partners or a male sex
partner with a syndromic (urethritis, proctitis, or genital ulcer
disease) or laboratory-diagnosed STI (NG, CT, or syphilis) in
the past 6 months, and be willing and able to give written
informed consent. Exclusion criteria include: allergy to
cephalosporin, macrolide, or tetracycline class antibiotics; recent
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use of prolonged antibiotics (≥14-day course) in the month
before enrollment; use of medications that impact cefixime,
azithromycin, or doxycycline metabolism; ongoing participation
in another clinical trial; or active, clinically significant medical
or psychiatric conditions that would interfere with study
participation, at the discretion of the site investigator.

Recruitment and Retention
At each site, recruitment will be conducted by fliers, posters,
information sessions, word of mouth, and social media apps
(Facebook, WhatsApp) to increase awareness of the study at
each research clinic and at local partner organizations in each
site’s catchment area. In addition, we will recruit participants
through experienced peer outreach workers at previously
mapped MSM hot spots, including bars, discos, restaurants, and
social halls. Retention efforts will be supported by ensuring that
the trial sites offer high-quality MSM-friendly services, offer
flexible hours, monitor clinic flow and wait times, and provide
HIV and STI treatment free of charge. In addition, we will use
text or WhatsApp reminders 3 days and 1 day before a scheduled
visit to promote timeline attendance. Tracing of participants
who miss visits will be the responsibility of the outreach teams
at each research site.

Procedures
Interested individuals will receive information on the study
interventions and randomization and randomization process,

then screened for eligibility. Sociodemographic data will be
collected for all individuals screened, whether or not they are
determined eligible or choose to enroll. Those who are eligible
and choose to enroll will provide written informed consent.
Participants will then be randomized in variable-sized blocks
stratified by site, using REDCap (Research Electronic Data
Capture; Vanderbilt University), a secure web application for
building and managing databases for research studies [56].
Participants will attend quarterly visits, which are standard of
care for HIV prevention and care services, over 18 months of
follow-up. At each visit, we will collect participant data via
REDCap using an audio computer-assisted self-interview
(ACASI), with audio recordings available in English, Swahili,
and Dholuo, depending on participant preference. Clinical data
on symptoms, exam findings, specimen collection, and
intervention delivery will be entered in REDCap data forms.
Figure 1 presents a CONSORT (Consolidated Standards of
Reporting Trials) flow diagram of the study, from enrollment
and allocation through quarterly follow-up. Multimedia
Appendix 1 provides the REDCap codebook for the different
forms used, including the ACASI survey and clinical data forms;
of note, many fields in the ACASI relate to the audio recordings
in English, Swahili, and Dholuo, which follow each question
and are made active using skip rules.
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram. ACASI: audio computer-assisted self-interview; CT: Chlamydia
trachomatis; doxyPEP: doxycycline post-exposure prophylaxis; ITT: intention-to-treat; NG: Neisseria gonorrhoeae; PPT: periodic presumptive treatment;
STI: sexually transmitted infection; WHO: World Health Organization.

Study Arms
The study comprises three arms: PPT intervention, doxyPEP
intervention, and standard care.

Periodic Presumptive Treatment Intervention
Participants assigned to the PPT arm will be evaluated at
baseline and every 3 months thereafter for PPT eligibility based

on having had condomless anal sex and either multiple sex
partners or a sex partner with an STI in the past 6 months (at
baseline) [32] or in the past 3 months (at follow-up visits). If
eligible at a given visit, they will be offered 400 mg by mouth
(po) cefixime plus 1 gram azithromycin by mouth under direct
observation, using the same regimen as for syndromic treatment
per the latest WHO and Kenyan recommendations [57].
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Doxycycline Post-Exposure Prophylaxis Intervention
Participants assigned to the doxyPEP arm will be provided with
a 30-dose supply (ie, 60 capsules) of doxycycline hyclate at
each quarterly visit and given 1:1 counseling on the
self-administration of 200 mg of doxycycline by mouth within
24-72 hours after condomless anal or vaginal sex as frequently
as daily if indicated but not more than once daily, in accordance
with the DoxyPEP trial in the United States [28]. Counseling
to promote doxyPEP adherence will be repeated at each
follow-up visit and any interim visits, and refills will be provided
by the study team upon request by telephone, WhatsApp, or in
person by participants in this arm. Of note, participants in the
DoxyPEP trial used a median of 15 doses per quarter (IQR
4-30), with a similar number of doses used (17 doses per quarter,
IQR 7-32) in the open-label extension [58].

Standard Care
Participants assigned to the standard care arm will receive no
STI control intervention (ie, neither PPT nor doxyPEP).

Standard care provided at every scheduled visit to all participants
(regardless of study arm) includes syphilis testing, with
treatment as indicated in accordance with Kenyan guidelines
[59], and screening for symptoms of urethritis or proctitis.
Participants with symptomatic urethritis or proctitis will receive
syndromic treatment with 400 mg of cefixime and 1 gram of
azithromycin by mouth under direct observation, in accordance
with Kenyan guidelines [59]. This regimen will be updated if
Kenyan treatment recommendations change.

Operational Components
Textbox 1 summarizes the operational components of the
randomized controlled trial. Participants may return to the study
clinic for interim visits at any time STI symptoms are present,
regardless of study arm. All treatment will be documented,
whether provided at a scheduled quarterly or an interim visit.
Fidelity of delivery of each intervention will be closely
monitored and documented, using a detailed standard operating
procedure with a checklist of steps completed.

Textbox 1. Operational components of the randomized controlled trial.

Inclusion criteria

• Aged 18-29 years; assigned male sex at birth; identifies as male; reports condomless anal intercourse and either multiple male sex partners or a
male sex partner with a syndromic (urethritis, proctitis, or genital ulcer disease) or laboratory-diagnosed sexually transmitted infection (STI, such
as Neisseria gonorrhoeae [NG], Chlamydia trachomatis [CT], or syphilis) in the past 6 months; willing and able to give written informed consent.

Exclusion criteria

• Allergy to cephalosporin, macrolide, or tetracycline class antibiotics; recent use of prolonged antibiotics (≥14-day course) in the month before
enrollment; use of medications that impact cefixime, azithromycin, or doxycycline metabolism; ongoing participation in another clinical trial;
or active, clinically significant medical or psychiatric conditions that would interfere with study participation at the discretion of the site investigator.

Sample size

• A total of 2900 men who have sex with men (MSM); randomized 2:2:1 to directly observed periodic presumptive treatment (PPT) or doxycycline
post-exposure prophylaxis (doxyPEP) versus standard care (syndromic STI treatment only).

Visit schedule

• Screening and enrollment, then quarterly for 18 months; reminders and tracing in case of missed visits to ensure high retention.

Standard of care package

• All participants: syphilis testing and treatment, syndromic STI treatment, partner notification per current guidelines as indicated, risk reduction
counseling, condoms, lubricants, and standard HIV prevention or care services according to HIV status.

All study sites include programmatic HIV prevention and care
services. During the informed consent process, participants will
be asked permission to link their programmatic data to the trial
records. Within these programs, HIV testing and counseling
will be conducted for previously HIV-negative participants at
each quarterly visit, per Kenyan guidelines for key populations.
Antiretroviral therapy (ART) will be provided to participants
with HIV, and PrEP will be provided to those who test HIV
negative and are willing to take daily or intermittent tenofovir
disoproxil fumarate-based oral PrEP.

Specimen Collection, Testing, and Storage
At each quarterly follow-up visit, participants will undergo hair
collection for testing of doxycycline levels, blood collection for
syphilis serology, and 3-site screening for NG and CT, with
provider-collected or participant-collected (if provider collection

is refused) pharyngeal and rectal swabs (2 of each) and a
clean-catch urine. Participants who return to the study clinic
for interim STI symptoms will undergo collection of the same
pharyngeal, rectal, and urine samples, but no blood sample
collection unless acute syphilis is suspected. We will not
diagnose and treat infections other than syphilis in real time.
Syphilis serology including rapid plasma reagin (Becton
Dickinson) and, if reactive, Treponema pallidum
hemagglutination assay (Biotec) will be tested at quarterly visits,
with treatment provided to participants with a new syphilis
diagnosis as soon as results are available. Participants who have
symptomatic urethritis at any study visit (estimated at 5% of
visits or ≈1015 visits) will undergo swab collection of urethral
discharge for NG culture using modified Thayer-Martin Agar,
a selective medium supplemented with nystatin, colistin,
vancomycin, and trimethoprim that favors growth of NG while

JMIR Res Protoc 2026 | vol. 15 | e81113 | p. 6https://www.researchprotocols.org/2026/1/e81113
(page number not for citation purposes)

Graham et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


suppressing genital and extragenital commensal microbial flora
growth. Antimicrobial susceptibility testing will be performed
using disk diffusion for penicillin and tetracycline and E-test
for cefixime, azithromycin, and doxycycline, using WHO
control strains for quality assurance of antimicrobial
susceptibility testing at each of the site’s microbiology
laboratories [60].

All samples for NAAT will be transferred to and stored in the
University of Washington–University of Nairobi East Africa
STI Laboratory in Mombasa, which has operated with external
quality assurance for >10 years. Aptima Combo 2 testing for
NG and CT will be conducted in batches on a Hologic Panther
platform by experienced laboratory staff blinded to
randomization assignment. To reduce testing costs, we will pool
the 3 samples from each participant for initial testing following
published protocols [61,62]. All NG-positive pools will be
broken down and individually tested to identify the infected site
or sites [61]. All NG, CT, and early syphilis diagnoses will be
reviewed by an Endpoint Adjudication Committee consisting
of 2 STI experts on the University of Washington faculty who
will be blinded to treatment arm. A random sample of 10% of
all hair samples collected (≈812 samples) from the month 6 and
month 18 visits in the doxyPEP arm will be shipped to the Hair
Analytical Laboratory at the University of California at San
Francisco for testing for doxycycline levels [63].

NG Antimicrobial Resistance Testing
The potential for selection of AMR in NG by PPT or doxyPEP
is one of the greatest risks to the success of these strategies;
however, the magnitude of this risk cannot be known without
empiric data. Cephalosporin resistance in NG is happily still
rare in Kenya. Azithromycin resistance in NG is uncommon in
Kenya (0%-8.3% in recent studies) [42,51], and PPT may not
increase it substantially given co-coverage with cefixime.
Resistance to azithromycin in CT has not been seen, although
it is known to be less effective at eradicating rectal chlamydia
than doxycycline [64]. Plasma-mediated doxycycline resistance
in NG is common and may impact the efficacy of doxyPEP
[50].

Given the importance of AMR in NG as a public health problem,
we will focus on this organism. We will perform NG culture
and susceptibility testing of urethral swabs from symptomatic
urethritis cases, as described above, due to the high yield of
these specimens on culture [65], but will supplement this testing
with rigorous molecular methods using residual NAAT samples
and noncultured swab or urine specimens to identify
well-characterized genetic AMR determinants conferring
cefixime, azithromycin, or tetracycline resistance in NG. Of
note, we have validated and successfully used these methods
for strain typing and characterization of resistance determinants
in NG [50,66,67].

We will select a random sample of 25% of all NG-positive
specimens (≈761 samples) from each intervention arm (50% at
baseline and 50% at follow-up) for shipment to the University
of Washington for molecular testing. DNA will be purified and
extracted from residual NAAT samples, swabs, or urine in the
Soge Laboratory using the Total Nucleic Acid Isolation Kit on
the Roche MagNA Pure 24 System (Roche Diagnostics), an

automated nucleic acid purification system that has been
validated to yield high-quality DNA from NAAT and clinical
specimens [68]. Molecular characterization of NG will include
strain typing using the internationally used N. gonorrhoeae
multiantigen sequencing typing system [69]; detection of
plasmid-mediated tetM, which confers high-level tetracycline
resistance, and the chromosomally mediated mutation rpsJ
V57M, which confers low-level tetracycline resistance [70];
detection of single-nucleotide polymorphisms associated with
reduced cephalosporin (cefixime or ceftriaxone) susceptibility
and resistance (mosaic penA alleles, penA A311V, penA N513Y,
ponA L421P, mtrR −35delA, and porB G120K/A121D/N)
[71-74]; and detection of azithromycin resistance (23S rRNA
A2059G, C2611T) [72,75] by polymerase chain reaction and
sequencing. Well-characterized positive control strains and
negative controls will be included in all polymerase chain
reaction assays [76].

Primary and Secondary Trial Outcomes
The primary trial outcome will be the combined prevalence of
NG, CT, and early syphilis ascertained by laboratory diagnosis
(eg, positive NAAT for NG or CT or new syphilis diagnosis,
based on first positive rapid plasma reagin or a fourfold increase
in nontreponemal titers). Secondary trial outcomes will be the
prevalence of each pathogen individually and the prevalence of
AMR to the different antibiotics assessed. Outcomes will be
assessed at baseline and every 3 months for 18 months. We
have selected prevalence instead of incidence as our outcome
of interest because a major drawback of syndromic treatment
is its failure to identify and treat asymptomatic infections that
can therefore persist as a reservoir for transmission, despite
spontaneous clearance of some infections [77].

Power and Sample Size
The trial will follow a standard randomized superiority design,
with comparison of each intervention separately to the standard
of care arm. To detect at 33% reduction in STI prevalence (from
16% to 10.8%) for each intervention compared to standard care,
we will need 2465 participants total: 986 participants in each
intervention group and 493 in the control group (α=0.05,
β=0.20). Accounting for 15% attrition after randomization, we
will need 2900 participants total: 1160 participants in each
intervention group and 580 in the control group. We will target
enrollment of ≈967 participants at each of our three research
sites to attain the required sample size. For analysis of rates of
AMR in NG, our power will be limited for very rare outcomes
(eg, cefixime resistance), but we will have 80% power to detect
an increase in tetracycline resistance from 80% to 86.7% or
from 85% to 90.8% in each intervention arm compared to the
control arm.

Statistical Analysis
The main trial analyses will follow intention-to-treat principles,
including participants whether or not they accept or continue
PPT or doxyPEP. Of note, in a small pilot program of ≈80 MSM
cohort participants at a research clinic on the Kenyan coast in
2018-2019, acceptability of PPT at quarterly visits was over
90%. Bacterial STI diagnoses (NG, CT, and early syphilis) will
be reported at baseline and each follow-up visit by arm and by
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study site. The combined STI outcome will be compared
between each intervention and the common control arm by
estimating the relative risks of any STI over follow-up (months
3-18) using a modified Poisson model fitted with generalized
estimating equations (GEE) methods to account for repeated
observations for each participant, assuming an independent
covariance structure, with site and study arm as the only
covariates [78]. The test for significance will use a 2-sided
α=.05, and 95% CIs will be calculated using robust standard
errors. The same approach will be used for each STI
individually.

Appropriate missing data methods (eg, imputation) or causal
estimation of direct effects will be conducted to assess the
potential influence of differential missingness by arm.
Syndromic infections diagnosed and treated at interim visits
after 28 days will be defined as infections for the current quarter
and handled in the analysis as if they were present at the next
scheduled visit. Per-protocol analyses will also be conducted,
as well as analyses controlling for potential confounders such
as HIV status if they are unbalanced across arms. Resistance to
each antibiotic assessed (ie, penicillin, tetracycline, cefixime,
azithromycin, and doxycycline) among NG cases will be
tabulated by study arm, research site, site of infection, and AMR
assessment method. The odds of resistance among NG cases
with resistance results will be compared between each
intervention and the common control arm using logistic
regression, with repeated measures GEE if repeat infections
occur. We will also analyze nonparametric trends over time in
the proportion of NG isolates demonstrating resistance to each
antibiotic in the study overall and by study arm. Additional
analyses with adjustment for baseline STI, sexual risk behavior,
and HIV status will also be performed.

Implementation Outcomes
Considering the unique needs of Kenyan MSM with respect to
sexual health will be essential to developing effective strategies

to address their STI burden. In addition, any STI control
intervention must be acceptable, feasible, and safe for the
patient. We will use a mixed methods approach to measure
acceptability, feasibility, and safety of these interventions, using
a conceptual model based on Proctor’s Implementation Science
Framework [79,80]. Figure 2 presents the conceptual model for
this work, which includes assessment of implementation
outcomes (acceptability, feasibility, uptake, adherence, and
cost), service outcomes (effectiveness, AMR rates, and safety),
and client outcomes (symptoms, sexual behavior, and
satisfaction). While the main trial analysis will focus on
effectiveness and AMR rates, we will also collect acceptability,
feasibility, and safety data from providers and from participants
in all arms. Secondary outcomes related to the PPT and doxyPEP
interventions that will be assessed include uptake and adherence
(related to acceptability and sustainability of the interventions)
and client outcomes including satisfaction, symptoms, and
sexual behavior. The quantitative and qualitative measures we
will use to assess these outcomes are presented in Table 1 [79].
Participants will be asked questions about acceptability (the
4-item Acceptability of Intervention Measure), feasibility (the
4-item Feasibility of Intervention Measure), and doxyPEP
uptake and adherence in the ACASI instrument (Multimedia
Appendix 1). In addition, their eligibility for and receipt of PPT
(PPT arm participants) and acceptance of doxyPEP refills
(doxyPEP arm participants), as well as symptoms reflecting
potential side effects, will be captured in a clinical data form.
To capture staff views and any challenges that arise, minutes
will be taken at monthly staff meetings at each site. At the end
of the study, acceptability and feasibility for providers will also
be assessed using the Acceptability of Intervention Measure
and the Feasibility of Intervention Measure in a questionnaire
administered to research staff [81].

Figure 2. Conceptual model based on Proctor’s Implementation Science Framework. The conceptual model for assessment of each intervention tested
includes assessment of implementation outcomes (acceptability, feasibility, uptake, adherence, and cost), service outcomes (effectiveness, antimicrobial
resistance [AMR] rates, and safety), and client outcomes (symptoms, sexual behavior, and satisfaction). doxyPEP: doxycycline post-exposure prophylaxis;
PPT: periodic presumptive treatment; STI: sexually transmitted infection.
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Table 1. Conceptual model with implementation, service, and client outcome measures.

ResultApproachOutcome type and specific outcome

Implementation

Understanding how well PPTb and doxyPEPc are
received by and are perceived to meet the needs of
the target population

Brief questionnaire for eligible individuals who de-

cline to enroll; ACASIa questions to participants;
brief exit interviews; staff meeting minutes and
questionnaire

Acceptability

Understanding how easily PPT and doxyPEP can be
carried out

ACASI questions to participants; staff meeting min-
utes and questionnaire

Feasibility

Estimated PPT and doxyPEP acceptance at baseline
documented in clinic records

Acceptance of directly observed PPT or of doxycy-
cline tablets at study visits

Uptake

Estimated PPT and doxyPEP acceptance over time
documented in clinic records

Administration records for PPT participants; ACASI
questions on doxyPEP use and adherence; doxycy-
cline levels in hair for doxyPEP participants

Adherence

Cost to system, cost to patientMicrocosting; time-motion surveys (described below)Costs

Service

Reduction in STI prevalence relative to increased
AMR

Impact on STId prevalence and on AMRe (trial re-
sults)

Effectiveness

Adverse events attributed to PPT or doxyPEP; dis-
continuation due to adverse events

Rigorous monitoring of safety, including social harmsSafety

Client

Understanding how symptoms differ by armData on symptoms of potential side effectsSymptoms

Understanding of any behavioral disinhibition with
PPT or doxyPEP

ACASI questions on sexual behavior and antiretrovi-
ral use; brief exit interviews

Sexual behavior

Understanding how well PPT and doxyPEP met the
needs of the target population

Brief exit interviewsSatisfaction

aACASI: audio computer-assisted self-interview.
bPPT: periodic presumptive treatment.
cdoxyPEP: doxycycline post-exposure prophylaxis.
dSTI: sexually transmitted infection.
eAMR: antimicrobial resistance.

Quantitative Data Collection
Due to its enhanced privacy, ACASI will be the main method
of data collection, in English, Dholuo, or Kiswahili. We have
successfully used ACASI to capture data in multiple projects
at our research sites [30,82-85]. Because participants
occasionally have difficulties using ACASI, a research assistant

will be available to assist participants if needed. Measures that
will be collected are based on our conceptual model, extensive
experience conducting research among Kenyan MSM, and
published literature on correlates of sexual behavior, HIV and
STI incidence, and medication adherence. Table 2 presents an
overview of data elements, content, tools for assessment,
frequency of assessment, and applicable study arm.
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Table 2. Quantitative data elements collected from participants: content, collection method, frequency, and arm.

Frequency and armMethod and contentCategory and data element

All arms: quarterly and at interim visits for STId

symptoms
Aptima NAATc: pooled specimen (throat, rectal,
and urine) positive for NG or CT; Syphilis test-
ing: first positive rapid plasma reagin or a four-

Primary trial outcome variable: NGa, CTb,
or early infection

fold increase in nontreponemal titers) for early
syphilis

Secondary trial outcome variables

All arms: quarterly and at interim visits for STI
symptoms

Same as aboveEach infection individually

All arms: quarterly and at interim visits for STI
symptoms

Resistance to penicillin, tetracycline, cefixime,
azithromycin, or doxycycline by culture of ure-
thral discharge (symptomatic urethritis cases)

AMRe

or molecular testing (25% of all NG-positive
samples)

Implementation outcome variables

All arms: quarterlyACASIf: Acceptability of Intervention Measure
[81]

Acceptability

All arms: quarterlyACASI: Feasibility of Intervention Measure [81]Feasibility

Intervention arms: quarterlyDirect observation: administration of cefixime
and azithromycin in PPT arm; acceptance of

doxycycline in doxyPEPg arm

Uptake

Intervention arms: quarterlyACASI: self-report questions on adherence to
doxyPEP; direct observation of PPT as above;
hair doxycycline levels.

Adherence

All arms: quarterlyStudy monitoring: adverse events and social
harms reported by participants or study staff

Safety including social harms

All arms: quarterlyACASI: urethral or rectal symptoms since past
visit; whether STI treatment was sought outside
the study; side effects of medications

Symptoms

All arms: quarterlyACASI: anal intercourse, vaginal intercourse,
condom use, partner numbers, partner HIV sta-

Sexual risk behavior

tus, concurrency, sexual networks, transactional
sex, intimate partner violence

All arms: quarterlyACASI: self-reported use of and adherence to

PrEP (if HIV-negative) or ARTh (if HIV-posi-

PrEP or ART use and adherence

tive); program records: chart data to confirm use
if consents to linkage

All arms: quarterlyStudy records: scheduled visits completed within
1-month window

Study retention

Potential correlates of study outcomes

All arms: baselineACASI: age, education, religion, marital status,
sexual orientation, employment

Demographics

All arms: quarterlyACASI: transportation costs, wait timesClinic access

All arms: quarterlyACASI: “What do you think is your risk of get-
ting a sexually transmitted infection?” (4 item
Likert scale)

STI risk perception

All arms: quarterlyACASI: self-reported HIV status; Program
Records: programmatic test results if consents
to linkage

HIV status

All arms: quarterlyACASI: antibiotic use outside the study in the
past 3 months

Antibiotic use

All arms: quarterlyACASI: Alcohol Use Disorders Identification
Test [86,87], Drug Abuse Screening Test [88]

Substance use
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Frequency and armMethod and contentCategory and data element

All arms: baselineACASI: Childhood Experience of Care and
Abuse [89]

Childhood abuse

All arms: every 6 monthsACASI: sexual stigma, as in our previous work
[90,91]

Sexual stigma

All arms: quarterlyACASI: Patient Health Questionnaire-9 [92]Depressive symptoms

aNG: Neisseria gonorrhoeae.
bCT: Chlamydia trachomatis.
cNAAT: nucleic acid amplification testing.
dSTI: sexually transmitted infection.
eAMR: antimicrobial resistance.
fACASI: audio computer-assisted self-interview.
gdoxyPEP: doxycycline post-exposure prophylaxis.
hART: antiretroviral therapy.

Qualitative Data Collection
During study screening, a brief questionnaire with 2 open-ended
questions will be used to capture reasons for declining to enroll,
including poor individual-level acceptability of PPT, doxyPEP,
or randomization. During the trial, qualitative data collection
will include brief exit interviews with a subset of 30 participants
in each intervention arm (10 at each site), to understand
participant-level acceptability and satisfaction with the
interventions. Interviews will be conducted using participants’
preferred language (English, Dholuo, or Kiswahili). Participants
will be sampled for these interviews to include a range of ages
and reported risk behaviors (eg, transactional sex) using a
stratified-purposive sampling approach. At any visit on which
a participant withdraws, a similar exit interview will be
conducted to obtain feedback on the intervention received.
Interviews will be recorded if permission is granted; detailed
notes will also be taken to document participant feedback. The
topic guide for these interviews is included in Multimedia
Appendix 2.

Quantitative Analysis of Implementation Outcomes
GEE with appropriate links and robust standard errors will be
used to test retention across all study arms and to evaluate
associations between study arm and the quantitative
implementation outcomes collected for both interventions (eg,
acceptability and feasibility measures, uptake, adverse events,
symptoms, and sexual risk behavior). Factors associated with
adherence to doxyPEP will be analyzed in the population for
whom hair samples are tested, based on semiquantitative
assessment of high versus low doxycycline concentrations [63].
For all quantitative analyses, patterns of missing data will be
evaluated, and multiple imputation will be used where
appropriate.

Qualitative Analysis of Implementation Outcomes
Exit interview notes and transcripts and staff meeting minutes
will be translated into English if necessary and imported into
Dedoose (SocioCultural Research Consultants) qualitative
analysis software. These documents will be reviewed separately
by 2 investigators for completeness and initial theme generation.
Coding and analysis will focus on participant-level acceptability
and satisfaction and on staff-level acceptability and feasibility,

starting with a deductive approach informed by the theoretical
framework of acceptability, a recently developed approach to
acceptability research of medical interventions [93]. The
components of the theoretical framework of acceptability are
affective attitude, burden, ethicality, intervention coherence,
opportunity costs, perceived effectiveness, and self-efficacy.
Additional codes emerging from an inductive process will be
added as they arise. Codes will be reviewed for consistency and
intercoder agreement with consensus code generation by themes.
Descriptive thematic analyses will be done separately for
individuals who refuse participation, trial participants (including
those who withdraw), and staff. Within these groupings, results
will be triangulated with relevant quantitative data using joint
displays.

Cost Analysis
During the field work, we will conduct microcosting,
semistructured interviews or focus group discussions with staff
regarding time spent on different work activities, and time and
motion observation of the intervention and standard of care
treatments within the randomized controlled trial. Costs will be
divided into direct costs of diagnostic evaluation or testing,
direct costs of treatment, and indirect costs to patients. Research
time (eg, informed consent) will be removed from programmatic
costs. We will estimate the incremental cost per participant as
the total annual program costs divided by the number of
participants. The topic guide for staff is included in Multimedia
Appendix 3.

Modeling Impact
To assess impact, we will develop a stochastic, network-based
model of NG, CT, and HIV transmission in Kenya. Because
syphilis is relatively uncommon among Kenyan MSM and its
transmission has not yet been extensively modeled, our model
will not include syphilis. The general modeling approach will
follow that developed by Jenness et al [94] for modeling NG,
CT, and HIV transmission among MSM in the United States.
The model will simulate a population of 100,000 individuals
distinguished by the following attributes: age; partner
preference; sexual role preference (insertive, receptive, or
versatile); relationship status; NG, CT and HIV status; diagnosis
status; time since infection; treatment status; and HIV viral load,
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among possible relevant others revealed by our fieldwork.
Individuals can undergo any or all of the following transitions:
enter the sexually active population; age; form or dissolve
relationships of different types; become infected with NG, CT,
or HIV; experience STI or HIV symptoms; test; become
diagnosed; undergo treatment; discontinue ART treatment;
reinitiate ART treatment; age out of the population; or die due
to background age-specific mortality or HIV-related mortality.
Within each partnership, individuals will engage in anal
intercourse with coital frequency based on a Poisson model fit
to study participant data, use condoms based on a binomial
model also fit to study participant data, choose a sexual role
(insertive or receptive) for each act of anal intercourse based
on individual preferences, and disclose STI or HIV status.
Network dynamics will be modeled using the statnet package
in R to estimate exponential-family random graph models and
their dynamic extension temporal exponential-family random
graph models, which provide a foundation for statistically
principled simulation of local and global network structure given
a set of target statistics from empirical data [95]. Data sources
and parameters will be based on the latest available literature
at the time of model building. Sensitivity analyses will be
conducted, especially around key parameters of the
individual-level intervention efficacy. Comparison will also be
made to NAAT-guided treatment as done in well-resourced
settings. Model outcomes will include life-years lived with
untreated NG or CT, incident NG and CT cases averted, and
disability-adjusted life years averted.

Cost-Effectiveness Analysis
After the trial is completed, mathematical models will be used
to simulate long-term health and cost outcomes based on study
data and to consider clinical outcomes beyond the scope and
time horizon of the trial. Using cost and effectiveness outcomes
estimated by the model, we will calculate the cost-effectiveness
of PPT and of doxyPEP as interventions. The cost-effectiveness
analysis will follow WHO guidelines and Cost of Implementing
New Strategies recommendations [96,97], and report summary
estimates that allow comparison to standard-care syndromic
management. In addition, a comparison to NAAT-guided
treatment (as done in well-resourced settings) will be made.
Results of the cost-effectiveness analysis will provide important
information to decision makers charged with defining priorities
and allocating resources.

We will combine effectiveness estimates from the updated
stochastic model with the cost estimates collected from each
intervention to calculate cost per NG or CT case identified and
treated and the incremental cost-effectiveness ratio measured
as cost per incident NG or CT case averted and cost per
disability-adjusted life year averted. Disability weights for
calculation of disability-adjusted life years will be obtained
from the latest global burden of disease study [98]. We will
calculate the incremental cost-effectiveness ratio associated
with PPT and with doxyPEP as the ratio of difference in costs
divided by difference in disability-adjusted life years compared
to the next most costly strategy over a 10-year horizon.
Following updated guidelines recommending use of a
supply-side threshold to reflect the opportunity cost of additional
health investment, PPT and doxyPEP will be considered

cost-effective if the incremental cost-effectiveness ratio is ≤US
$500 per disability-adjusted life year averted [99]. We will use
both the governmental and societal perspectives. Univariate and
probabilistic sensitivity analyses will be performed to determine
model robustness and the impact of varying different parameters
through their plausible ranges on the estimate of
cost-effectiveness.

Data Safety and Monitoring
Adverse events will be recorded in study documentation, and
serious adverse events will be reviewed for relatedness to study
products or procedures by the study leadership team (the
principal investigator of record and a lead investigator at each
study site). Social impacts and any harms of study participation
will also be assessed. An independent data safety and monitoring
board composed of an experienced trial biostatistician and 2
internationally regarded clinical researchers, one Kenyan and
the other Canadian, has been established to review study
progress, including participant accrual, visit attendance,
retention, and collection of primary and secondary endpoint
data. This board will also review safety and outcome data in a
closed report on a biannual basis to ensure safety and equipoise.
The data safety and monitoring board will make
recommendations based on their review of safety and efficacy
data at biannual meetings. The trial will be terminated early if
the incidence of serious adverse events related to either
intervention exceeds 2% and is statistically significantly higher
than the rate observed in the standard care arm (P<.01) in 2
consecutive interim (ie, every 6 months) safety analyses.

Ethical Considerations
The protocol, consent forms, participant education and
recruitment materials, and any subsequent modifications were
reviewed and approved by the Kenyan Medical Research
Institute’s Ethical Review Committee (Protocol 4962) and the
Human Subjects Division of the University of Washington
(STUDY00018588). The trial protocol (currently version 1.1,
dated June 10, 2024) and any approved modifications will be
posted at ClinicalTrials.gov. Trained research staff obtain written
informed consent from all trial participants, for all exit
interviews, and from staff who participate in feedback on
acceptability and feasibility of the study interventions, following
standardized protocols. Confidentiality of personal information
is strictly maintained. Participant identifiers are not recorded
in the study database but are included in a link log at each site.
The link log is used to record participant names, contact
information, and study ID numbers and will be maintained until
participant enrollment and follow-up are complete for the
purposes of avoiding duplicate enrollments, assisting with
retention, and tracking participants with positive syphilis results.
Participants are reimbursed 1000 KSh (approximately US $7.72)
per visit. Clinical trial insurance and protocols to address social
harms are in place to mitigate any adverse events resulting from
trial participation.

Results

During community engagement activities in preparation for the
trial, the study was named the “Mambo Matatu” (Swahili for
“three ways”) study by the gay, bisexual, and other MSM
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communities served by our research clinics. Regulatory approval
was obtained from the Kenya Pharmacy and Poisons Board in
December 2024, and a research permit was obtained from the
Kenyan National Commission for Science, Technology, and
Innovation in March 2025. After a delay due to late receipt of
year 2 funding from the US National Institutes of Health,
enrollment commenced on October 29, 2025. As of November

25, 2025, a total of 357 participants (12.3% of target) have been
enrolled, including 133 in Kisumu, 122 in Nairobi, and 102 in
Mombasa. Full enrollment is expected to take 6 months, with
follow-up occurring over 18 months per participant. Results
will be published in 2028. Table 3 presents the participant
timeline as a schedule of enrollment, interventions, and
assessments.

Table 3. Participant timeline: schedule of enrollment, interventions, and assessments.

Trial period timepointsaCategory

Close-outPostrandomizationEnrollment

Month 18Month 15Month 12Month 9Month 6Month 3Month 0-ti to 0b

Enrollment

✓Eligibility screen

✓Informed consent

✓Locator information

✓Randomization

Intervention or comparator

✓✓✓✓✓✓✓doxyPEPc provisiond

✓✓✓✓✓✓✓PPTe

✓✓✓✓✓✓✓Standard caref

Assessments

✓✓✓✓✓✓✓ACASI Survey

✓✓✓✓✓✓✓Symptom review and clinical exam

✓✓✓✓✓✓✓Specimen collection

✓✓✓✓✓✓✓Syndromic treatment if indicated

✓✓✓✓✓✓✓Syphilis treatment if indicated

✓✓✓✓✓✓✓Adverse event monitoring

✓Exit interview

aAcceptable visit window ±30 days.
bPre-enrollment.
cdoxyPEP: doxycycline post-exposure prophylaxis.
dSupply of 60 capsules of doxycycline are provided at each scheduled visit, with refills provided upon request between visits.
ePeriodic presumptive treatment; provided when participant meets eligibility criteria (ie, having had condomless anal sex and either multiple sex partners
or a sex partner with a sexually transmitted infection (STI) in the past 6 months at baseline [32] or in the past 3 months at follow-up visits).
fLimited to syndromic treatment when symptoms of an STI are present. Note that syndromic treatment is provided to participants in each study arm per
Kenyan STI treatment guidelines when indicated.

Discussion

Overview
This study of two interventions to control bacterial STIs
including CT, NG, and syphilis among MSM in African settings
will yield important insights into how to improve STI control
in resource-limited settings while balancing benefits, risks, and
costs. The potential benefits of implementing either doxyPEP
or PPT for the control of CT, NG, and syphilis among MSM in
African settings are substantial; at the same time, these strategies
are untested, and potential risks—including adverse events,

increased AMR, risk compensation impacting sexual behavior,
and increased costs—could counteract these benefits. Only a
well-designed randomized trial comparing these two
interventions to a standard care arm can help address these
questions and determine whether the benefits outweigh risks of
adopting either strategy. While we will be able to compare the
two interventions to each other in addition to the primary
analysis comparing each intervention to standard care, it is the
comparison to standard care that is of greatest interest for
policymakers, who will need to consider not only each
intervention’s effectiveness, but also its acceptability, feasibility,
and disadvantages in terms of safety, AMR, and costs relative
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to the current standard of care in determining the overall value
added if either intervention is adopted.

We have carefully considered our study design and research
approach to optimize feasibility while maintaining high rigor
and ensuring that results will be reproducible. Kenya is an ideal
setting for evaluating PPT and doxyPEP among MSM, as the
Government of Kenya’s visionary 20-year plan for
evidence-based HIV and STI prevention, the Kenya HIV
Prevention Revolution Road Map: Count Down to 2030, aims
to drive new HIV infections toward zero between 2013 and
2030 using effective HIV and STI prevention initiatives [100].
As HIV transmission decreases, risk has become more
concentrated in key populations such as MSM, who also
experience high rates of bacterial STIs. The Kenyan Ministry
of Health endorses STI control in key populations, has worked
to address health disparities among MSM, and supports this
proposal, ensuring that our trial results will be linked to policy.
In addition, each research site has collaborative relationships
with MSM-led community-based organizations with large
membership rosters, laying the groundwork for community
feedback on the proposed work and its implementation and for
successful outreach, recruitment, and retention.

We are using an oral regimen of cefixime and azithromycin
instead of the Centers for Disease Control and Prevention’s
currently recommended STI treatment regimen consisting of
ceftriaxone by intramuscular injection and doxycycline by mouth
[64]. We decided against the use of this regimen due to concerns
about low acceptability of regular injections for presumptive
treatment and because most low- and middle-income countries
still using cefixime and azithromycin have not seen the same
levels of AMR as in high-income countries, likely due the
limitation of treatment to syndromic infections [101,102].
Azithromycin provides both CT coverage and dual coverage of
most NG. Although azithromycin resistance can emerge in NG
due to the long half-life of this drug [103,104], data from the
NG surveillance programs at the WHO and Centers for Disease
Control and Prevention suggest that cefixime resistance
decreased after the addition of azithromycin to the NG treatment
regimen [105,106]. In contrast, a recent study of our isolates in
Kenya suggested that doxycycline can select for
plasmid-mediated penicillin resistance only or both
plasmid-mediated penicillin resistance and high-level
plasma-mediated tetracycline resistance and therefore could
potentially increase the risk of cephalosporin resistance [42].
Therefore, it is critical to evaluate NG AMR to all 3 antibiotics
in all study arms.

Of note, the WHO did not specify a frequency for PPT
assessment and delivery in their recommendations [4]. We
debated offering this intervention on a 6-month basis, since a
6-month recall period is used for eligibility, but felt this might
weaken the intervention’s efficacy. We will therefore provide
PPT at each quarterly visit on which participants in the PPT
arm are eligible and assess eligibility for PPT based on sexual
behavior in the past 3 months. We anticipate being able to
explore the potential efficacy of different frequencies of PPT
administration in our modeling work. A consideration for both
PPT and doxyPEP is the treatment of uninfected individuals.
In our prior work, we have estimated a number needed to treat

one infection with PPT ranging from 4-12 [31,32]. In the
DoxyPEP study in US settings with similar STI incidence as in
Kenya, the number needed to treat was estimated at 5 [28].
Treatment of uninfected individuals occurs in the setting of
epidemiologic treatment of partners; for example, a recent study
estimated that 65% of individuals receiving expedited partner
treatment (often with cefixime by mouth) are asymptomatic and
NAAT negative [107]. An important aspect of the proposed
research is delivery of PPT or doxyPEP in a setting in which
the vast majority of bacterial STIs are currently undiagnosed
and therefore left untreated.

This study is particularly timely given recent evidence related
to doxyPEP in particular and to STI control in general that has
emerged. Recent publications have documented that presumptive
treatment is common even in settings with NAAT and that both
overtreatment and undertreatment occur at varying rates across
studies and care settings [108,109]. In settings where NAAT is
possible and follow-up is high, evidence supports testing first
to avoid unnecessary ceftriaxone use for STI symptoms in MSM
[110] and to avoid unnecessary antibiotic treatment in
asymptomatic partners exposed to CT or NG [111]. Rising
concerns about frequent NAAT and high levels of antibiotic
consumption among MSM led to a randomized trial in Belgium
that compared quarterly 3-site screening to not screening of
asymptomatic MSM for NG and CT at all [112]. This
“Gonoscreen” study demonstrated that frequent screening
lowered CT rates but led to higher antibiotic consumption and
had no effect on NG incidence [112]. Available evidence
suggests that mass treatment of CT, NG, and syphilis in high
prevalence populations such as MSM has only resulted in
temporary reductions in the prevalence of these infections while
likely increasing AMR [113]. DoxyPEP has, not unexpectedly,
been associated with increases in antimicrobial resistance in
NG as well as in other organisms present in the microbiome
[55,114-116], leading to concern about the long-term benefits
and harms of widespread use [117-119]. For example, the
estimated percentage of NG isolates carrying the plasmid-borne
gene tetM, which confers high-level tetracycline resistance,
increased from less than 10% in 2020 to more than 30% in the
first quarter of 2024 [120]. While modeling has shown that
doxyPEP could avert a substantial portion of all STI diagnoses
among at-risk MSM [121], a study that modeled the impact of
doxyPEP on NG found that after initial decreases in NG
prevalence and incidence, resistance would spread quickly,
resulting in the total loss of doxyPEP’s clinical efficacy against
NG within 10-20 years [122]. While continued impact of
doxyPEP on CT and syphilis [123] will likely provide benefit
for this strategy, evaluating other possible interventions, such
as PPT, that are less costly and would lead to less overall
antibiotic consumption is an important consideration.

While there are many important strengths of this study, it is not
without limitations. First, selection bias is likely given that we
will enroll MSM who accept research screening and
participation. To mitigate this bias, we will collect data on
characteristics of those who decline trial participation. Second,
our results may not be generalizable to all geographic areas of
Kenya, although data from earlier studies among MSM in Kenya
suggest that the behavior risk profiles, sexual networks, and
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social interactions of MSM across the 3 sites are similar. Third,
contamination can be a problem, so we will collect data on
receipt of antibiotics in the past 30 days to monitor for this,
especially in the standard care arm. Fourth, providing PPT or
doxyPEP to intervention arm participants may reduce STI rates
in the control arms by reducing NG and CT prevalence within
sexual networks. We have data on STI prevalence at these sites
prior to the study, which we can use to identify temporal
decreases in STI rates [124]. Fifth, data we collect on
stigmatized behaviors, such as condomless receptive anal
intercourse and substance use, may be underreported due to
social desirability bias. Our experience with ACASI in prior
studies suggests that this method of data collection may yield
more frank responses to questions on sensitive topics [82]. Sixth,
there may be differential retention given the open-label design.
We will try to address attrition bias by minimizing the burden
of study visits and of each intervention on participants, keeping
procedures within a reasonable timeframe, and monitoring clinic
flow. Finally, we have not included testing for resistance in
other organisms such as Staphylococcus aureus or Streptococcus

pneumoniae due to a ceiling on our allowed budget. We will
seek additional funding for additional testing of stored swabs
and hair samples to explore the relationship between PPT and
doxyPEP and AMR in off-target bacteria.

Conclusions
The prevalence and incidence of bacterial STIs, including
syphilis, NG, and CT infections, among MSM remain high in
resource-limited settings such as Kenya. Results of this trial
will provide critical data needed to inform guidelines to improve
STI control among MSM in sub-Saharan Africa and other
resource-limited settings where NAAT is not routinely available.
Trial data will be used to model the health and economic impact
of scaling up WHO-recommended PPT and doxyPEP compared
to standard care on STI control among MSM and their partners
in Kenya using a stochastic, agent-based model and standard
cost-effectiveness evaluation. Modeled estimates of the health
and economic impact of scaling up these two interventions on
STI control among MSM and their partners in Kenya will
provide critical information to guide policymakers.

Acknowledgments
We are grateful for the support of community-based organizations serving the gay, bisexual, and other men who have sex with
men (MSM) communities in Kisumu, Nairobi, and Mombasa and for County Health Departments.

Authors' Contributions
SMG contributed to the conceptualization, writing of the original draft, funding acquisition, methodology, and supervision. FOO
contributed to writing, reviewing and editing, as well as methodology. JK contributed to writing, reviewing and editing, and
methodology. AB contributed to writing, reviewing and editing. OOS contributed to writing, reviewing and editing, and
methodology. MS contributed to writing, reviewing and editing, and methodology. DTH contributed to writing, reviewing and
editing, and methodology. CC contributed to writing, reviewing and editing, and methodology. RSM contributed to writing,
reviewing and editing, and methodology. EJS contributed to writing, reviewing and editing, funding acquisition, and methodology.

Conflicts of Interest
RSM receives research funding, paid to the University of Washington, from Hologic Corporation. The other authors have no
conflicts of interest to declare.

Multimedia Appendix 1
REDCap project with all data forms.
[PDF File (Adobe PDF File), 3891 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Exit interview topic guide.
[DOCX File , 31 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Staff feedback guide.
[DOCX File , 30 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Peer-review report from HSQE Health Services: Quality and Effectiveness Study Section, Healthcare Delivery and Methodologies
Integrated Review Group (National Institutes of Health, USA).
[PDF File (Adobe PDF File), 161 KB-Multimedia Appendix 4]

References

JMIR Res Protoc 2026 | vol. 15 | e81113 | p. 15https://www.researchprotocols.org/2026/1/e81113
(page number not for citation purposes)

Graham et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v15i1e81113_app1.pdf&filename=23da456a8f6aadd30c07a55a024adbb0.pdf
https://jmir.org/api/download?alt_name=resprot_v15i1e81113_app1.pdf&filename=23da456a8f6aadd30c07a55a024adbb0.pdf
https://jmir.org/api/download?alt_name=resprot_v15i1e81113_app2.docx&filename=652e8854989fa9c40b25c1d4a067112b.docx
https://jmir.org/api/download?alt_name=resprot_v15i1e81113_app2.docx&filename=652e8854989fa9c40b25c1d4a067112b.docx
https://jmir.org/api/download?alt_name=resprot_v15i1e81113_app3.docx&filename=21fa1c5c743fe5ca2d07059e9ca18b7a.docx
https://jmir.org/api/download?alt_name=resprot_v15i1e81113_app3.docx&filename=21fa1c5c743fe5ca2d07059e9ca18b7a.docx
https://jmir.org/api/download?alt_name=resprot_v15i1e81113_app4.pdf&filename=22abe161fa29405c2571b097c2dda250.pdf
https://jmir.org/api/download?alt_name=resprot_v15i1e81113_app4.pdf&filename=22abe161fa29405c2571b097c2dda250.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/


1. Steen R, Wi TE, Kamali A, Ndowa F. Control of sexually transmitted infections and prevention of HIV transmission:
mending a fractured paradigm. Bull World Health Organ. 2009;87(11):858-865. [FREE Full text] [doi: 10.2471/blt.08.059212]
[Medline: 20072772]

2. Rowley J, Vander Hoorn S, Korenromp E, Low N, Unemo M, Abu-Raddad LJ, et al. Chlamydia, gonorrhoea, trichomoniasis
and syphilis: global prevalence and incidence estimates, 2016. Bull World Health Organ. 2019;97(8):548-562P. [FREE
Full text] [doi: 10.2471/BLT.18.228486] [Medline: 31384073]

3. Terris-Prestholt F, Vyas S, Kumaranayake L, Mayaud P, Watts C. The costs of treating curable sexually transmitted
infections in low- and middle-income countries: a systematic review. Sex Transm Dis. 2006;33(10 Suppl):S153-S166. [doi:
10.1097/01.olq.0000235177.30718.84] [Medline: 17003680]

4. Guidelines: prevention and treatment of HIV and other sexually transmitted infections among men who have sex with men
and transgender people: recommendations for a public health approach. In: World Health Organization. Geneva, Switzerland.
WHO Press; 2011.

5. Centers for Disease Control and Prevention. Sexually transmitted infections in developing countries: Current concepts and
strategies on imporving STI prevention, treatment, and control. Center for Disease Control. 2008. URL: https://documents.
worldbank.org/en/publication/documents-reports/documentdetail/867421468313772326 [accessed 2025-11-15]

6. Paavonen J, Eggert-Kruse W. Chlamydia trachomatis: impact on human reproduction. Hum Reprod Update.
1999;5(5):433-447. [doi: 10.1093/humupd/5.5.433] [Medline: 10582782]

7. Ville Y, Leruez M, Glowaczower E, Robertson JN, Ward ME. The role of Chlamydia trachomatis and Neisseria gonorrhoeae
in the aetiology of ectopic pregnancy in Gabon. Br J Obstet Gynaecol. 1991;98(12):1260-1266. [doi:
10.1111/j.1471-0528.1991.tb15399.x] [Medline: 1777459]

8. Stephens AJ, Aubuchon M, Schust DJ. Antichlamydial antibodies, human fertility, and pregnancy wastage. Infect Dis
Obstet Gynecol. 2011;2011:525182. [FREE Full text] [doi: 10.1155/2011/525182] [Medline: 21949601]

9. Amornkul PN, Vandenhoudt H, Nasokho P, Odhiambo F, Mwaengo D, Hightower A, et al. HIV prevalence and associated
risk factors among individuals aged 13-34 years in Rural Western Kenya. PLoS One. 2009;4(7):e6470. [FREE Full text]
[doi: 10.1371/journal.pone.0006470] [Medline: 19649242]

10. Masese L, Baeten JM, Richardson BA, Bukusi E, John-Stewart G, Graham SM, et al. Changes in the contribution of genital
tract infections to HIV acquisition among Kenyan high-risk women from 1993 to 2012. AIDS. 2015;29(9):1077-1085.
[FREE Full text] [doi: 10.1097/QAD.0000000000000646] [Medline: 26125141]

11. De Baetselier I, Vuylsteke B, Yaya I, Dagnra A, Diandé S, Mensah E, et al. CohMSM-PrEP pooling study group. To pool
or not to pool samples for sexually transmitted infections detection in men who have sex with men? An evaluation of a
new pooling method using the GeneXpert instrument in West Africa. Sex Transm Dis. 2020;47(8):556-561. [doi:
10.1097/OLQ.0000000000001191] [Medline: 32355106]

12. Jones J, Sanchez TH, Dominguez K, Bekker L, Phaswana-Mafuya N, Baral SD, et al. Sexually transmitted infection
screening, prevalence and incidence among South African men and transgender women who have sex with men enrolled
in a combination HIV prevention cohort study: the sibanye methods for prevention packages programme (MP3) project. J
Int AIDS Soc. 2020;23(Suppl 6):e25594. [FREE Full text] [doi: 10.1002/jia2.25594] [Medline: 33000886]

13. Otieno F, Ng'ety G, Okall D, Aketch C, Obondi E, Graham SM, et al. Incident gonorrhoea and chlamydia among a prospective
cohort of men who have sex with men in Kisumu, Kenya. Sex Transm Infect. 2020;96(7):521-527. [doi:
10.1136/sextrans-2019-054166] [Medline: 31974213]

14. Sanders EJ, Thiong'o AN, Okuku HS, Mwambi J, Priddy F, Shafi J, et al. High prevalence of Chlamydia trachomatis and
Neisseria gonorrhoeae infections among HIV-1 negative men who have sex with men in coastal Kenya. Sex Transm Infect.
2010;86(6):440-441. [doi: 10.1136/sti.2010.043224] [Medline: 20656722]

15. Grijsen ML, Graham SM, Mwangome M, Githua P, Mutimba S, Wamuyu L, et al. Screening for genital and anorectal
sexually transmitted infections in HIV prevention trials in Africa. Sex Transm Infect. 2008;84(5):364-370. [FREE Full
text] [doi: 10.1136/sti.2007.028852] [Medline: 18375645]

16. Ouedraogo HG, Zida S, Compaore TR, Lanou BH, Rao A, Sagna T, et al. Seroepidemiology of syphilis among men who
have sex with men in Burkina Faso, West Africa. Eur J Clin Microbiol Infect Dis. 2019;38(10):1803-1809. [doi:
10.1007/s10096-019-03610-2] [Medline: 31201641]

17. Twahirwa Rwema JO, Herbst S, Hamill MM, Liestman B, Nyombayire J, Lyons CE, et al. Cross-sectional assessment of
determinants of STIs among men who have sex with men and transgender women in Kigali, Rwanda. Sex Transm Infect.
2022;98(3):178-187. [FREE Full text] [doi: 10.1136/sextrans-2020-054753] [Medline: 33958492]

18. Leu RH. Complications of coexisting chlamydial and gonococcal infections. Postgrad Med. 1991;89(7):56-60. [doi:
10.1080/00325481.1991.11700939] [Medline: 2031031]

19. Jones J, Weiss K, Mermin J, Dietz P, Rosenberg ES, Gift TL, et al. Proportion of incident human immunodeficiency virus
cases among men who have sex with men attributable to gonorrhea and chlamydia: A modeling analysis. Sex Transm Dis.
2019;46(6):357-363. [FREE Full text] [doi: 10.1097/OLQ.0000000000000980] [Medline: 31095100]

20. Pettifor A, Walsh J, Wilkins V, Raghunathan P. How effective is syndromic management of STDs?: A review of current
studies. Sex Transm Dis. 2000;27(7):371-385. [doi: 10.1097/00007435-200008000-00002] [Medline: 10949428]

JMIR Res Protoc 2026 | vol. 15 | e81113 | p. 16https://www.researchprotocols.org/2026/1/e81113
(page number not for citation purposes)

Graham et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://europepmc.org/abstract/MED/20072772
http://dx.doi.org/10.2471/blt.08.059212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20072772&dopt=Abstract
https://boris-portal.unibe.ch/handle/20.500.12422/181642
https://boris-portal.unibe.ch/handle/20.500.12422/181642
http://dx.doi.org/10.2471/BLT.18.228486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31384073&dopt=Abstract
http://dx.doi.org/10.1097/01.olq.0000235177.30718.84
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17003680&dopt=Abstract
https://documents.worldbank.org/en/publication/documents-reports/documentdetail/867421468313772326
https://documents.worldbank.org/en/publication/documents-reports/documentdetail/867421468313772326
http://dx.doi.org/10.1093/humupd/5.5.433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10582782&dopt=Abstract
http://dx.doi.org/10.1111/j.1471-0528.1991.tb15399.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1777459&dopt=Abstract
https://europepmc.org/abstract/MED/21949601
http://dx.doi.org/10.1155/2011/525182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21949601&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0006470
http://dx.doi.org/10.1371/journal.pone.0006470
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19649242&dopt=Abstract
https://europepmc.org/abstract/MED/26125141
http://dx.doi.org/10.1097/QAD.0000000000000646
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26125141&dopt=Abstract
http://dx.doi.org/10.1097/OLQ.0000000000001191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32355106&dopt=Abstract
https://europepmc.org/abstract/MED/33000886
http://dx.doi.org/10.1002/jia2.25594
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33000886&dopt=Abstract
http://dx.doi.org/10.1136/sextrans-2019-054166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31974213&dopt=Abstract
http://dx.doi.org/10.1136/sti.2010.043224
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20656722&dopt=Abstract
https://europepmc.org/abstract/MED/18375645
https://europepmc.org/abstract/MED/18375645
http://dx.doi.org/10.1136/sti.2007.028852
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18375645&dopt=Abstract
http://dx.doi.org/10.1007/s10096-019-03610-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31201641&dopt=Abstract
https://europepmc.org/abstract/MED/33958492
http://dx.doi.org/10.1136/sextrans-2020-054753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33958492&dopt=Abstract
http://dx.doi.org/10.1080/00325481.1991.11700939
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2031031&dopt=Abstract
https://europepmc.org/abstract/MED/31095100
http://dx.doi.org/10.1097/OLQ.0000000000000980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31095100&dopt=Abstract
http://dx.doi.org/10.1097/00007435-200008000-00002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10949428&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


21. Prevention and control of sexually transmitted infections (STIs) in the era of oral pre-exposure prophylaxis (PrEP) for HIV.
In: World Health Organization. Geneva, Switzerland. WHO Press; 2019.

22. Agutu CA, Ngetsa CJ, Price MA, Rinke de Wit TF, Omosa-Manyonyi G, Sanders EJ, et al. Systematic review of the
performance and clinical utility of point of care HIV-1 RNA testing for diagnosis and care. PLoS One. 2019;14(6):e0218369.
[FREE Full text] [doi: 10.1371/journal.pone.0218369] [Medline: 31246963]

23. Voirin N, Allam C, Charre C, Fernandez C, Godinot M, Oria F, et al. Optimizing strategies for Chlamydia trachomatis and
Neisseria gonorrhoeae screening in men who have sex with men: A modeling study. Clin Infect Dis. 2020;70(9):1966-1972.
[doi: 10.1093/cid/ciz510] [Medline: 31198933]

24. Current health expenditure per capita (current US$) - Kenya. World Bank. 2008. URL: https://data.worldbank.org/indicator/
SH.XPD.CHEX.PC.CD?locations=KE [accessed 2025-11-15]

25. WHO implementation tool for pre-exposure prophylaxis (PrEP) of HIV infection. Module 13. Integrating STI services. In:
World Health Organization. Geneva, Switzerland. WHO Press; 2022.

26. Wi TE, Ndowa FJ, Ferreyra C, Kelly-Cirino C, Taylor MM, Toskin I, et al. Diagnosing sexually transmitted infections in
resource-constrained settings: challenges and ways forward. J Int AIDS Soc. 2019;22(Suppl 6):e25343. [FREE Full text]
[doi: 10.1002/jia2.25343] [Medline: 31468679]

27. Molina JM, Charreau I, Chidiac C, Pialoux G, Cua E, Delaugerre C, et al. ANRS IPERGAY Study Group. Post-exposure
prophylaxis with doxycycline to prevent sexually transmitted infections in men who have sex with men: an open-label
randomised substudy of the ANRS IPERGAY trial. Lancet Infect Dis. 2018;18(3):308-317. [doi:
10.1016/S1473-3099(17)30725-9] [Medline: 29229440]

28. Luetkemeyer AF, Donnell D, Dombrowski JC, Cohen S, Grabow C, Brown CE, et al. DoxyPEP Study Team. Postexposure
doxycycline to prevent bacterial sexually transmitted infections. N Engl J Med. 2023;388(14):1296-1306. [FREE Full text]
[doi: 10.1056/NEJMoa2211934] [Medline: 37018493]

29. Molina JM, Bercot B, Assoumou L, Rubenstein E, Algarte-Genin M, Pialoux G, et al. ANRS 174 DOXYVAC Study Group.
Doxycycline prophylaxis and meningococcal group B vaccine to prevent bacterial sexually transmitted infections in France
(ANRS 174 DOXYVAC): a multicentre, open-label, randomised trial with a 2 × 2 factorial design. Lancet Infect Dis.
2024;24(10):1093-1104. [doi: 10.1016/S1473-3099(24)00236-6] [Medline: 38797183]

30. Sanders EJ, Okuku HS, Smith AD, Mwangome M, Wahome E, Fegan G, et al. High HIV-1 incidence, correlates of HIV-1
acquisition, and high viral loads following seroconversion among MSM. AIDS. 2013;27(3):437-446. [FREE Full text] [doi:
10.1097/QAD.0b013e32835b0f81] [Medline: 23079811]

31. Sanders EJ, Wahome E, Okuku HS, Thiong'o AN, Smith AD, Duncan S, et al. Evaluation of WHO screening algorithm
for the presumptive treatment of asymptomatic rectal gonorrhoea and chlamydia infections in at-risk MSM in Kenya. Sex
Transm Infect. 2014;90(2):94-99. [FREE Full text] [doi: 10.1136/sextrans-2013-051078] [Medline: 24327758]

32. Quilter LAS, Obondi E, Kunzweiler C, Okall D, Bailey RC, Djomand G, et al. Prevalence and correlates of and a risk score
to identify asymptomatic anorectal gonorrhoea and chlamydia infection among men who have sex with men in Kisumu,
Kenya. Sex Transm Infect. 2019;95(3):201-211. [FREE Full text] [doi: 10.1136/sextrans-2018-053613] [Medline: 30242143]

33. Steen R, Dallabetta G. The use of epidemiologic mass treatment and syndrome management for sexually transmitted disease
control. Sex Transm Dis. 1999;26(4 Suppl):S12-20; discussion S21. [doi: 10.1097/00007435-199904001-00004] [Medline:
10227695]

34. Steen R, Dallabetta G. Sexually transmitted infection control with sex workers: regular screening and presumptive treatment
augment efforts to reduce risk and vulnerability. Reprod Health Matters. 2003;11(22):74-90. [FREE Full text] [doi:
10.1016/s0968-8080(03)02295-x] [Medline: 14708399]

35. Fonck K, Kaul R, Kimani J, Keli F, MacDonald KS, Ronald AR, et al. A randomized, placebo-controlled trial of monthly
azithromycin prophylaxis to prevent sexually transmitted infections and HIV-1 in Kenyan sex workers: study design and
baseline findings. Int J STD AIDS. 2000;11(12):804-811. [doi: 10.1258/0956462001915327] [Medline: 11138916]

36. Kaul R, Kimani J, Nagelkerke NJ, Fonck K, Ngugi EN, Keli F, et al. Kibera HIV Study Group. Monthly antibiotic
chemoprophylaxis and incidence of sexually transmitted infections and HIV-1 infection in Kenyan sex workers: a randomized
controlled trial. JAMA. 2004;291(21):2555-2562. [doi: 10.1001/jama.291.21.2555] [Medline: 15173146]

37. Wi T, Ramos ER, Steen R, Esguerra TA, Roces MCR, Lim-Quizon MC, et al. STI declines among sex workers and clients
following outreach, one time presumptive treatment, and regular screening of sex workers in the Philippines. Sex Transm
Infect. 2006;82(5):386-391. [FREE Full text] [doi: 10.1136/sti.2005.018283] [Medline: 17012514]

38. Steen R, Dallabetta G, Neilsen G. Antibiotic chemoprophylaxis and HIV infection in Kenyan sex workers. JAMA.
2004;292(8):921-922. [doi: 10.1001/jama.292.8.921-a] [Medline: 15328320]

39. Steen R, Chersich M, Gerbase A, Neilsen G, Wendland A, Ndowa F, et al. Periodic presumptive treatment of curable
sexually transmitted infections among sex workers: a systematic review. AIDS. 2012;26(4):437-445. [doi:
10.1097/QAD.0b013e32834ed991] [Medline: 22095197]

40. Guidelines for the management of symptomatic sexually transmitted infections. In: World Health Organization. Geneva,
Switzerland. WHO Press; 2021.

JMIR Res Protoc 2026 | vol. 15 | e81113 | p. 17https://www.researchprotocols.org/2026/1/e81113
(page number not for citation purposes)

Graham et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://dx.plos.org/10.1371/journal.pone.0218369
http://dx.doi.org/10.1371/journal.pone.0218369
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31246963&dopt=Abstract
http://dx.doi.org/10.1093/cid/ciz510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31198933&dopt=Abstract
https://data.worldbank.org/indicator/SH.XPD.CHEX.PC.CD?locations=KE
https://data.worldbank.org/indicator/SH.XPD.CHEX.PC.CD?locations=KE
https://europepmc.org/abstract/MED/31468679
http://dx.doi.org/10.1002/jia2.25343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31468679&dopt=Abstract
http://dx.doi.org/10.1016/S1473-3099(17)30725-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29229440&dopt=Abstract
https://europepmc.org/abstract/MED/37018493
http://dx.doi.org/10.1056/NEJMoa2211934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37018493&dopt=Abstract
http://dx.doi.org/10.1016/S1473-3099(24)00236-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38797183&dopt=Abstract
https://europepmc.org/abstract/MED/23079811
http://dx.doi.org/10.1097/QAD.0b013e32835b0f81
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23079811&dopt=Abstract
http://sti.bmj.com/lookup/pmidlookup?view=long&pmid=24327758
http://dx.doi.org/10.1136/sextrans-2013-051078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24327758&dopt=Abstract
https://europepmc.org/abstract/MED/30242143
http://dx.doi.org/10.1136/sextrans-2018-053613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30242143&dopt=Abstract
http://dx.doi.org/10.1097/00007435-199904001-00004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10227695&dopt=Abstract
https://www.tandfonline.com/doi/10.1016/s0968-8080(03)02295-x?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1016/s0968-8080(03)02295-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14708399&dopt=Abstract
http://dx.doi.org/10.1258/0956462001915327
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11138916&dopt=Abstract
http://dx.doi.org/10.1001/jama.291.21.2555
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15173146&dopt=Abstract
https://europepmc.org/abstract/MED/17012514
http://dx.doi.org/10.1136/sti.2005.018283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17012514&dopt=Abstract
http://dx.doi.org/10.1001/jama.292.8.921-a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15328320&dopt=Abstract
http://dx.doi.org/10.1097/QAD.0b013e32834ed991
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22095197&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


41. Klausner JD, Aplasca MR, Mesola VP, Bolan G, Whittington WL, Holmes KK. Correlates of gonococcal infection and of
antimicrobial-resistant Neisseria gonorrhoeae among female sex workers, Republic of the Philippines, 1996-1997. J Infect
Dis. 1999;179(3):729-733. [doi: 10.1086/314625] [Medline: 9952388]

42. Cehovin A, Harrison OB, Lewis SB, Ward PN, Ngetsa C, Graham SM, et al. Identification of novel Neisseria gonorrhoeae
lineages harboring resistance plasmids in coastal Kenya. J Infect Dis. 2018;218(5):801-808. [FREE Full text] [doi:
10.1093/infdis/jiy240] [Medline: 29701830]

43. Kularatne R, Maseko V, Gumede L, Kufa T. Trends in antimicrobial resistance over a ten-year surveillance period,
johannesburg, South Africa, 2008 2017. Antibiotics (Basel). 2018;7(3):58. [FREE Full text] [doi: 10.3390/antibiotics7030058]
[Medline: 30002329]

44. Wi T, Lahra MM, Ndowa F, Bala M, Dillon JR, Ramon-Pardo P, et al. Antimicrobial resistance in Neisseria gonorrhoeae:
Global surveillance and a call for international collaborative action. PLoS Med. 2017;14(7):e1002344. [FREE Full text]
[doi: 10.1371/journal.pmed.1002344] [Medline: 28686231]

45. Soge OO, Salipante SJ, No D, Duffy E, Roberts MC. In vitro activity of delafloxacin against clinical Neisseria gonorrhoeae
Isolates and selection of gonococcal delafloxacin resistance. Antimicrob Agents Chemother. 2016;60(5):3106-3111. [FREE
Full text] [doi: 10.1128/AAC.02798-15] [Medline: 26976873]

46. Lagace-Wiens PRS, Duncan S, Kimani J, Thiong'o A, Shafi J, McClelland S, et al. Emergence of fluoroquinolone resistance
in Neisseria gonorrhoeae isolates from four clinics in three regions of Kenya. Sex Transm Dis. 2012;39(5):332-334. [FREE
Full text] [doi: 10.1097/OLQ.0b013e318248a85f] [Medline: 22504591]

47. Lahra MM, Ryder N, Whiley DM. A new multidrug-resistant strain of Neisseria gonorrhoeae in Australia. N Engl J Med.
2014;371(19):1850-1851. [doi: 10.1056/NEJMc1408109] [Medline: 25372111]

48. Mehta SD, Maclean I, Ndinya-Achola JO, Moses S, Martin I, Ronald A, et al. Emergence of quinolone resistance and
cephalosporin MIC creep in Neisseria gonorrhoeae isolates from a cohort of young men in Kisumu, Kenya, 2002 to 2009.
Antimicrob Agents Chemother. 2011;55(8):3882-3888. [FREE Full text] [doi: 10.1128/AAC.00155-11] [Medline: 21606224]

49. Fayemiwo SA, Müller EE, Gumede L, Lewis DA. Plasmid-mediated penicillin and tetracycline resistance among Neisseria
gonorrhoeae isolates in South Africa: prevalence, detection and typing using a novel molecular assay. Sex Transm Dis.
2011;38(4):329-333. [doi: 10.1097/OLQ.0b013e3181fc695a] [Medline: 21042234]

50. Soge OO, Issema R, Bukusi E, Baeten JM, Mujugira A, Celum C, et al. Partners PrEP Study Team. Predominance of
high-level tetracycline-resistant Neisseria gonorrhoeae in Kenya: Implications for global implementation of doxycycline
postexposure prophylaxis for prevention of sexually transmitted infections. Sex Transm Dis. 2023;50(5):317-319. [FREE
Full text] [doi: 10.1097/OLQ.0000000000001769] [Medline: 36728331]

51. Kivata MW, Mbuchi M, Eyase F, Bulimo WD, Kyanya CK, Oundo V, et al. Plasmid mediated penicillin and tetracycline
resistance among Neisseria gonorrhoeae isolates from Kenya. BMC Infect Dis. 2020;20(1):703. [FREE Full text] [doi:
10.1186/s12879-020-05398-5] [Medline: 32977759]

52. Duncan S, Thiong'o AN, Macharia M, Wamuyu L, Mwarumba S, Mvera B, et al. High prevalence of quinolone resistance
in Neisseria gonorrhoeae in coastal Kenya. Sex Transm Infect. 2011;87(3):231. [doi: 10.1136/sti.2010.048777] [Medline:
21307154]

53. Molina JM, Charreau I, Chidiac C, Pialoux G, Cua E, Delaugerre C, et al. ANRS IPERGAY Study Group. Post-exposure
prophylaxis with doxycycline to prevent sexually transmitted infections in men who have sex with men: an open-label
randomised substudy of the ANRS IPERGAY trial. Lancet Infect Dis. 2018;18(3):308-317. [doi:
10.1016/S1473-3099(17)30725-9] [Medline: 29229440]

54. La Ruche G, Goubard A, Bercot B, Cambau E, Semaille C, Sednaoui P. Gonococcal infections and emergence of gonococcal
decreased susceptibility to cephalosporins in France, 2001 to 2012. Euro Surveill. 2014;19(34):20885. [FREE Full text]
[doi: 10.2807/1560-7917.es2014.19.34.20885] [Medline: 25188611]

55. Soge OO, Thibault CS, Cannon CA, McLaughlin SE, Menza TW, Dombrowski JC, et al. Potential impact of doxycycline
post-exposure prophylaxis on tetracycline resistance in Neisseria gonorrhoeae and colonization with tetracycline-resistant
staphylococcus aureus and group a streptococcus. Clin Infect Dis. 2025;80(6):1188-1196. [doi: 10.1093/cid/ciaf089]
[Medline: 40036749]

56. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)--a
metadata-driven methodology and workflow process for providing translational research informatics support. J Biomed
Inform. 2009;42(2):377-381. [FREE Full text] [doi: 10.1016/j.jbi.2008.08.010] [Medline: 18929686]

57. WHO guidelines for the treatment of Neisseria gonorrhoeae. In: World Health Organization. Geneva, Switzerland. WHO
Press; 2016.

58. Luetkemeyer AF, Donnell D, Cohen SE, Dombrowski JC, Grabow C, Haser G, et al. Doxycycline to prevent bacterial
sexually transmitted infections in the USA: final results from the DoxyPEP multicentre, open-label, randomised controlled
trial and open-label extension. Lancet Infect Dis. 2025;25(8):873-883. [doi: 10.1016/S1473-3099(25)00085-4] [Medline:
40147465]

59. Kenya national guidelines for prevention, management, and control of sexually transmitted infections. In: Kenya Ministry
of Health. Nairobi, Kenya. Government of Kenya; 2018.

JMIR Res Protoc 2026 | vol. 15 | e81113 | p. 18https://www.researchprotocols.org/2026/1/e81113
(page number not for citation purposes)

Graham et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1086/314625
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9952388&dopt=Abstract
https://europepmc.org/abstract/MED/29701830
http://dx.doi.org/10.1093/infdis/jiy240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29701830&dopt=Abstract
https://www.mdpi.com/resolver?pii=antibiotics7030058
http://dx.doi.org/10.3390/antibiotics7030058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30002329&dopt=Abstract
https://dx.plos.org/10.1371/journal.pmed.1002344
http://dx.doi.org/10.1371/journal.pmed.1002344
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28686231&dopt=Abstract
https://europepmc.org/abstract/MED/26976873
https://europepmc.org/abstract/MED/26976873
http://dx.doi.org/10.1128/AAC.02798-15
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26976873&dopt=Abstract
https://europepmc.org/abstract/MED/22504591
https://europepmc.org/abstract/MED/22504591
http://dx.doi.org/10.1097/OLQ.0b013e318248a85f
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22504591&dopt=Abstract
http://dx.doi.org/10.1056/NEJMc1408109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25372111&dopt=Abstract
https://europepmc.org/abstract/MED/21606224
http://dx.doi.org/10.1128/AAC.00155-11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21606224&dopt=Abstract
http://dx.doi.org/10.1097/OLQ.0b013e3181fc695a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21042234&dopt=Abstract
https://europepmc.org/abstract/MED/36728331
https://europepmc.org/abstract/MED/36728331
http://dx.doi.org/10.1097/OLQ.0000000000001769
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36728331&dopt=Abstract
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-020-05398-5
http://dx.doi.org/10.1186/s12879-020-05398-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32977759&dopt=Abstract
http://dx.doi.org/10.1136/sti.2010.048777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21307154&dopt=Abstract
http://dx.doi.org/10.1016/S1473-3099(17)30725-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29229440&dopt=Abstract
http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=20885
http://dx.doi.org/10.2807/1560-7917.es2014.19.34.20885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25188611&dopt=Abstract
http://dx.doi.org/10.1093/cid/ciaf089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40036749&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(08)00122-6
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18929686&dopt=Abstract
http://dx.doi.org/10.1016/S1473-3099(25)00085-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40147465&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


60. Unemo M, Golparian D, Sánchez-Busó L, Grad Y, Jacobsson S, Ohnishi M, et al. The novel 2016 WHO Neisseria
gonorrhoeae reference strains for global quality assurance of laboratory investigations: phenotypic, genetic and reference
genome characterization. J Antimicrob Chemother. 2016;71(11):3096-3108. [FREE Full text] [doi: 10.1093/jac/dkw288]
[Medline: 27432602]

61. Durukan D, Read TRH, Bradshaw CS, Fairley CK, Williamson DA, De Petra V, et al. Pooling pharyngeal, anorectal, and
urogenital samples for screening asymptomatic men who have sex with men for Chlamydia trachomatis and Neisseria
gonorrhoeae. J Clin Microbiol. 2020;58(5):e01969. [FREE Full text] [doi: 10.1128/JCM.01969-19] [Medline: 32132192]

62. Wilson JD, Wallace HE, Loftus-Keeling M, Ward H, Davies B, Vargas-Palacios A, et al. Swab-yourself trial with economic
monitoring and testing for infections collectively (SYSTEMATIC): Part 2. A diagnostic accuracy and Cost-effectiveness
study comparing rectal, pharyngeal, and urogenital samples analyzed individually, versus as a pooled specimen, for the
diagnosis of gonorrhea and chlamydia. Clin Infect Dis. 2021;73(9):e3183-e3193. [doi: 10.1093/cid/ciaa1546] [Medline:
33044490]

63. Angelakis E, Armstrong N, Nappez C, Richez M, Chabriere E, Raoult D. Doxycycline assay hair samples for testing
long-term compliance treatment. J Infect. 2015;71(5):511-517. [doi: 10.1016/j.jinf.2015.08.003] [Medline: 26299894]

64. Workowski KA, Bachmann LH, Chan PA, Johnston CM, Muzny CA, Park I, et al. Sexually transmitted infections treatment
guidelines, 2021. MMWR Recomm Rep. 2021;70(4):1-187. [FREE Full text] [doi: 10.15585/mmwr.rr7004a1] [Medline:
34292926]

65. Bignell C, Ison CA, Jungmann E. Gonorrhoea. Sex Transm Infect. 2006;82(Suppl 4):iv6-iv9. [FREE Full text] [doi:
10.1136/sti.2006.023036] [Medline: 17151055]

66. Pabbaraju K, Wong S, Song JJ, Singh AE, Read R, Drews SJ. Utility of specimens positive for Neisseria gonorrhoeae by
the Aptima Combo 2 assay for assessment of strain diversity and antibiotic resistance. J Clin Microbiol.
2013;51(12):4156-4160. [FREE Full text] [doi: 10.1128/JCM.01694-13] [Medline: 24108603]

67. Pond MJ, Hall CL, Miari VF, Cole M, Laing KG, Jagatia H, et al. Accurate detection of Neisseria gonorrhoeae ciprofloxacin
susceptibility directly from genital and extragenital clinical samples: towards genotype-guided antimicrobial therapy. J
Antimicrob Chemother. 2016;71(4):897-902. [FREE Full text] [doi: 10.1093/jac/dkv432] [Medline: 26817487]

68. Mayes J, Liyanarachchy N, Balm MND. Nucleic acid extraction from residual aptima clinical samples: Evaluation of
automated platform to enhance workflow. J Clin Microbiol. 2017;55(6):1968-1969. [FREE Full text] [doi:
10.1128/JCM.00342-17] [Medline: 28404675]

69. Martin IMC, Ison CA, Aanensen DM, Fenton KA, Spratt BG. Rapid sequence-based identification of gonococcal transmission
clusters in a large metropolitan area. J Infect Dis. 2004;189(8):1497-1505. [doi: 10.1086/383047] [Medline: 15073688]

70. Mortimer TD, Zhang JJ, Ma KC, Grad YH. Loci for prediction of penicillin and tetracycline susceptibility in Neisseria
gonorrhoeae: a genome-wide association study. Lancet Microbe. 2022;3(5):e376-e381. [FREE Full text] [doi:
10.1016/S2666-5247(22)00034-9] [Medline: 35544098]

71. Mortimer TD, Grad YH. Applications of genomics to slow the spread of multidrug-resistant Neisseria gonorrhoeae. Ann
N Y Acad Sci. 2019;1435(1):93-109. [FREE Full text] [doi: 10.1111/nyas.13871] [Medline: 29876934]

72. Peterson SW, Martin I, Demczuk W, Barairo N, Naidu P, Lefebvre B, et al. Multiplex real-time PCR assays for the prediction
of cephalosporin, ciprofloxacin and azithromycin antimicrobial susceptibility of positive Neisseria gonorrhoeae nucleic
acid amplification test samples. J Antimicrob Chemother. 2020;75(12):3485-3490. [doi: 10.1093/jac/dkaa360] [Medline:
32830242]

73. Peterson SW, Martin I, Demczuk W, Bharat A, Hoang L, Wylie J, et al. Molecular assay for detection of genetic markers
associated with decreased susceptibility to cephalosporins in neisseria gonorrhoeae. J Clin Microbiol. 2015;53(7):2042-2048.
[FREE Full text] [doi: 10.1128/JCM.00493-15] [Medline: 25878350]

74. Wong LK, Hemarajata P, Soge OO, Humphries RM, Klausner JD. Real-time PCR targeting the mosaic XXXIV Type for
prediction of extended-spectrum-cephalosporin susceptibility in clinical neisseria gonorrhoeae isolates. Antimicrob Agents
Chemother. 2017;61(11):e01339. [FREE Full text] [doi: 10.1128/AAC.01339-17] [Medline: 28848021]

75. Trembizki E, Buckley C, Donovan B, Chen M, Guy R, Kaldor J, et al. Direct real-time PCR-based detection of Neisseria
gonorrhoeae 23S rRNA mutations associated with azithromycin resistance. J Antimicrob Chemother. 2015;70(12):3244-3249.
[doi: 10.1093/jac/dkv274] [Medline: 26338048]

76. Chopra I, Roberts M. Tetracycline antibiotics: mode of action, applications, molecular biology, and epidemiology of bacterial
resistance. Microbiol Mol Biol Rev. 2001;65(2):232-260. [FREE Full text] [doi: 10.1128/MMBR.65.2.232-260.2001]
[Medline: 11381101]

77. Teker B, de Vries H, Heijman T, van Dam A, Schim van der Loeff M, Jongen VW. Spontaneous clearance of asymptomatic
anogenital and pharyngeal : a secondary analysis from the NABOGO trial. Sex Transm Infect. 2023;99(4):219-225. [FREE
Full text] [doi: 10.1136/sextrans-2022-055488] [Medline: 35820778]

78. Yelland LN, Salter AB, Ryan P. Performance of the modified Poisson regression approach for estimating relative risks
from clustered prospective data. Am J Epidemiol. 2011;174(8):984-992. [doi: 10.1093/aje/kwr183] [Medline: 21841157]

79. Proctor EK, Landsverk J, Aarons G, Chambers D, Glisson C, Mittman B. Implementation research in mental health services:
an emerging science with conceptual, methodological, and training challenges. Adm Policy Ment Health. 2009;36(1):24-34.
[FREE Full text] [doi: 10.1007/s10488-008-0197-4] [Medline: 19104929]

JMIR Res Protoc 2026 | vol. 15 | e81113 | p. 19https://www.researchprotocols.org/2026/1/e81113
(page number not for citation purposes)

Graham et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://europepmc.org/abstract/MED/27432602
http://dx.doi.org/10.1093/jac/dkw288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27432602&dopt=Abstract
https://europepmc.org/abstract/MED/32132192
http://dx.doi.org/10.1128/JCM.01969-19
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32132192&dopt=Abstract
http://dx.doi.org/10.1093/cid/ciaa1546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33044490&dopt=Abstract
http://dx.doi.org/10.1016/j.jinf.2015.08.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26299894&dopt=Abstract
https://europepmc.org/abstract/MED/34292926
http://dx.doi.org/10.15585/mmwr.rr7004a1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34292926&dopt=Abstract
https://europepmc.org/abstract/MED/17151055
http://dx.doi.org/10.1136/sti.2006.023036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17151055&dopt=Abstract
https://europepmc.org/abstract/MED/24108603
http://dx.doi.org/10.1128/JCM.01694-13
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24108603&dopt=Abstract
https://europepmc.org/abstract/MED/26817487
http://dx.doi.org/10.1093/jac/dkv432
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26817487&dopt=Abstract
https://europepmc.org/abstract/MED/28404675
http://dx.doi.org/10.1128/JCM.00342-17
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28404675&dopt=Abstract
http://dx.doi.org/10.1086/383047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15073688&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2666-5247(22)00034-9
http://dx.doi.org/10.1016/S2666-5247(22)00034-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35544098&dopt=Abstract
https://europepmc.org/abstract/MED/29876934
http://dx.doi.org/10.1111/nyas.13871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29876934&dopt=Abstract
http://dx.doi.org/10.1093/jac/dkaa360
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32830242&dopt=Abstract
https://europepmc.org/abstract/MED/25878350
http://dx.doi.org/10.1128/JCM.00493-15
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25878350&dopt=Abstract
https://europepmc.org/abstract/MED/28848021
http://dx.doi.org/10.1128/AAC.01339-17
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28848021&dopt=Abstract
http://dx.doi.org/10.1093/jac/dkv274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26338048&dopt=Abstract
https://europepmc.org/abstract/MED/11381101
http://dx.doi.org/10.1128/MMBR.65.2.232-260.2001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11381101&dopt=Abstract
http://sti.bmj.com/lookup/pmidlookup?view=long&pmid=35820778
http://sti.bmj.com/lookup/pmidlookup?view=long&pmid=35820778
http://dx.doi.org/10.1136/sextrans-2022-055488
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35820778&dopt=Abstract
http://dx.doi.org/10.1093/aje/kwr183
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21841157&dopt=Abstract
https://europepmc.org/abstract/MED/19104929
http://dx.doi.org/10.1007/s10488-008-0197-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19104929&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


80. Proctor E, Silmere H, Raghavan R, Hovmand P, Aarons G, Bunger A, et al. Outcomes for implementation research:
conceptual distinctions, measurement challenges, and research agenda. Adm Policy Ment Health. 2011;38(2):65-76. [FREE
Full text] [doi: 10.1007/s10488-010-0319-7] [Medline: 20957426]

81. Weiner BJ, Lewis CC, Stanick C, Powell BJ, Dorsey CN, Clary AS, et al. Psychometric assessment of three newly developed
implementation outcome measures. Implement Sci. 2017;12(1):108. [FREE Full text] [doi: 10.1186/s13012-017-0635-3]
[Medline: 28851459]

82. van der Elst EM, Okuku HS, Nakamya P, Muhaari A, Davies A, McClelland RS, et al. Is audio computer-assisted
self-interview (ACASI) useful in risk behaviour assessment of female and male sex workers, Mombasa, Kenya? PLoS One.
2009;4(5):e5340. [FREE Full text] [doi: 10.1371/journal.pone.0005340] [Medline: 19412535]

83. Wahome E, Thiong'o AN, Mwashigadi G, Chirro O, Mohamed K, Gichuru E, et al. An empiric risk score to guide PrEP
targeting among MSM in coastal Kenya. AIDS Behav. 2018;22(Suppl 1):35-44. [FREE Full text] [doi:
10.1007/s10461-018-2141-2] [Medline: 29767324]

84. Kunzweiler CP, Bailey RC, Okall DO, Graham SM, Mehta SD, Otieno FO. Factors associated with prevalent HIV infection
among Kenyan MSM: The anza mapema study. J Acquir Immune Defic Syndr. 2017;76(3):241-249. [doi:
10.1097/QAI.0000000000001512] [Medline: 28746167]

85. Mehta SD, Okall D, Graham SM, N'gety G, Bailey RC, Otieno F. Behavior change and sexually transmitted incidence in
relation to PREP use among men who have sex with men in Kenya. AIDS Behav. 2021;25(7):2219-2229. [doi:
10.1007/s10461-020-03150-3] [Medline: 33403516]

86. Saunders JB, Aasland OG, Babor TF, de la Fuente JR, Grant M. Development of the alcohol use disorders identification
test (AUDIT): WHO collaborative project on early detection of persons with harmful alcohol consumption--II. Addiction.
1993;88(6):791-804. [doi: 10.1111/j.1360-0443.1993.tb02093.x] [Medline: 8329970]

87. Peltzer K, Davids A, Njuho P. Alcohol use and problem drinking in South Africa: findings from a national population-based
survey. Afr J Psychiatry (Johannesbg). 2011;14(1):30-37. [doi: 10.4314/ajpsy.v14i1.65466] [Medline: 21509408]

88. Skinner HA. The drug abuse screening test. Addict Behav. 1982;7(4):363-371. [doi: 10.1016/0306-4603(82)90005-3]
[Medline: 7183189]

89. Smith N, Lam D, Bifulco A, Checkley S. Childhood experience of care and abuse questionnaire (CECA.Q). Validation of
a screening instrument for childhood adversity in clinical populations. Soc Psychiatry Psychiatr Epidemiol.
2002;37(12):572-579. [doi: 10.1007/s00127-002-0589-9] [Medline: 12545234]

90. Secor AM, Wahome E, Micheni M, Rao D, Simoni JM, Sanders EJ, et al. Depression, substance abuse and stigma among
men who have sex with men in coastal Kenya. AIDS. 2015;29(3):S251-S259. [FREE Full text] [doi:
10.1097/QAD.0000000000000846] [Medline: 26562814]

91. Korhonen CJ, Flaherty BP, Wahome E, Macharia P, Musyoki H, Battacharjee P, et al. Validity and reliability of the Neilands
Sexual Stigma Scale among Kenyan gay, bisexual, and other men who have sex with men. BMC Public Health.
2022;22(1):754. [FREE Full text] [doi: 10.1186/s12889-022-13066-3] [Medline: 35421967]

92. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure. J Gen Intern Med.
2001;16(9):606-613. [FREE Full text] [doi: 10.1046/j.1525-1497.2001.016009606.x] [Medline: 11556941]

93. Sekhon M, Cartwright M, Francis JJ. Acceptability of healthcare interventions: an overview of reviews and development
of a theoretical framework. BMC Health Serv Res. 2017;17(1):88. [FREE Full text] [doi: 10.1186/s12913-017-2031-8]
[Medline: 28126032]

94. 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):712-718. [FREE Full text] [doi: 10.1093/cid/cix439] [Medline: 28505240]

95. Krivitsky P, Handcock M, Hunter D. Statnet. 2015. URL: https://cran.r-project.org/web/packages/tergm/index.html [accessed
2025-11-15]

96. Saldana L, Chamberlain P, Bradford WD, Campbell M, Landsverk J. The cost of implementing new strategies (COINS):
A method for mapping implementation resources using the stages of implementation completion. Child Youth Serv Rev.
2014;39:177-182. [FREE Full text] [doi: 10.1016/j.childyouth.2013.10.006] [Medline: 24729650]

97. Saldana L, Ritzwoller DP, Campbell M, Block EP. Using economic evaluations in implementation science to increase
transparency in costs and outcomes for organizational decision-makers. Implement Sci Commun. 2022;3(1):40. [FREE
Full text] [doi: 10.1186/s43058-022-00295-1] [Medline: 35410434]

98. Salomon JA, Vos T, Hogan DR, Gagnon M, Naghavi M, Mokdad A, et al. Common values in assessing health outcomes
from disease and injury: disability weights measurement study for the global burden of disease study 2010. Lancet.
2012;380(9859):2129-2143. [FREE Full text] [doi: 10.1016/S0140-6736(12)61680-8] [Medline: 23245605]

99. Woods B, Revill P, Sculpher M, Claxton K. Country-level cost-effectiveness thresholds: Initial estimates and the need for
further research. Value Health. 2016;19(8):929-935. [FREE Full text] [doi: 10.1016/j.jval.2016.02.017] [Medline: 27987642]

100. Mburu G, Ram M, Siu G, Bitira D, Skovdal M, Holland P. Intersectionality of HIV stigma and masculinity in eastern
Uganda: implications for involving men in HIV programmes. BMC Public Health. 2014;14:1061. [FREE Full text] [doi:
10.1186/1471-2458-14-1061] [Medline: 25304035]

JMIR Res Protoc 2026 | vol. 15 | e81113 | p. 20https://www.researchprotocols.org/2026/1/e81113
(page number not for citation purposes)

Graham et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://europepmc.org/abstract/MED/20957426
https://europepmc.org/abstract/MED/20957426
http://dx.doi.org/10.1007/s10488-010-0319-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20957426&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-017-0635-3
http://dx.doi.org/10.1186/s13012-017-0635-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28851459&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0005340
http://dx.doi.org/10.1371/journal.pone.0005340
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19412535&dopt=Abstract
https://europepmc.org/abstract/MED/29767324
http://dx.doi.org/10.1007/s10461-018-2141-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29767324&dopt=Abstract
http://dx.doi.org/10.1097/QAI.0000000000001512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28746167&dopt=Abstract
http://dx.doi.org/10.1007/s10461-020-03150-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33403516&dopt=Abstract
http://dx.doi.org/10.1111/j.1360-0443.1993.tb02093.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8329970&dopt=Abstract
http://dx.doi.org/10.4314/ajpsy.v14i1.65466
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21509408&dopt=Abstract
http://dx.doi.org/10.1016/0306-4603(82)90005-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7183189&dopt=Abstract
http://dx.doi.org/10.1007/s00127-002-0589-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12545234&dopt=Abstract
https://europepmc.org/abstract/MED/26562814
http://dx.doi.org/10.1097/QAD.0000000000000846
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26562814&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-022-13066-3
http://dx.doi.org/10.1186/s12889-022-13066-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35421967&dopt=Abstract
https://europepmc.org/abstract/MED/11556941
http://dx.doi.org/10.1046/j.1525-1497.2001.016009606.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11556941&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-017-2031-8
http://dx.doi.org/10.1186/s12913-017-2031-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28126032&dopt=Abstract
https://europepmc.org/abstract/MED/28505240
http://dx.doi.org/10.1093/cid/cix439
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28505240&dopt=Abstract
https://cran.r-project.org/web/packages/tergm/index.html
https://europepmc.org/abstract/MED/24729650
http://dx.doi.org/10.1016/j.childyouth.2013.10.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24729650&dopt=Abstract
https://implementationsciencecomms.biomedcentral.com/articles/10.1186/s43058-022-00295-1
https://implementationsciencecomms.biomedcentral.com/articles/10.1186/s43058-022-00295-1
http://dx.doi.org/10.1186/s43058-022-00295-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35410434&dopt=Abstract
https://europepmc.org/abstract/MED/23245605
http://dx.doi.org/10.1016/S0140-6736(12)61680-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23245605&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1098-3015(16)00064-4
http://dx.doi.org/10.1016/j.jval.2016.02.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27987642&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-14-1061
http://dx.doi.org/10.1186/1471-2458-14-1061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25304035&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


101. Van Dijck C, Laumen J, Zlotorzynska M, Manoharan-Basil SS, Kenyon C. Association between STI screening intensity
in men who have sex with men and gonococcal susceptibility in 21 States in the USA: an ecological study. Sex Transm
Infect. 2020;96(7):537-540. [doi: 10.1136/sextrans-2019-054313] [Medline: 32066589]

102. Kenyon C, Laumen J, Van Dijck C. Could intensive screening for gonorrhea/chlamydia in preexposure prophylaxis cohorts
select for resistance? Historical lessons from a mass Treatment campaign in greenland. Sex Transm Dis. 2020;47(1):24-27.
[doi: 10.1097/OLQ.0000000000001092] [Medline: 31856072]

103. Chisholm SA, Dave J, Ison CA. High-level azithromycin resistance occurs in Neisseria gonorrhoeae as a result of a single
point mutation in the 23S rRNA genes. Antimicrob Agents Chemother. 2010;54(9):3812-3816. [FREE Full text] [doi:
10.1128/AAC.00309-10] [Medline: 20585125]

104. Wind CM, de Vries E, Schim van der Loeff MF, van Rooijen MS, van Dam AP, Demczuk WHB, et al. Decreased
azithromycin susceptibility of neisseria gonorrhoeae isolates in patients recently treated with azithromycin. Clin Infect Dis.
2017;65(1):37-45. [doi: 10.1093/cid/cix249] [Medline: 28510723]

105. Gonococcal antimicrobial surveillance programme (GASP). World Health Organization. URL: https://www.who.int/
initiatives/gonococcal-antimicrobial-surveillance-programme [accessed 2025-11-15]

106. Weston EJ, Kirkcaldy RD, Stenger M, Llata E, Hoots B, Torrone EA. Narrative review: Assessment of neisseria gonorrhoeae
infections among men who have sex with men in national and sentinel surveillance systems in the United States. Sex Transm
Dis. 2018;45(4):243-249. [FREE Full text] [doi: 10.1097/OLQ.0000000000000740] [Medline: 29465702]

107. Rowlinson E, Golden MR, Berzkalns A, Thibault C, Barbee LA. Epidemiologic treatment for contacts to neisseria gonorrhoeae
and chlamydia trachomatis infection in sexually transmitted disease clinic patients in Seattle, WA; 1994 to 2018. Sex
Transm Dis. 2020;47(10):665-671. [FREE Full text] [doi: 10.1097/OLQ.0000000000001234] [Medline: 32649579]

108. Allen KS, Hinrichs R, Heumann CL, Titus MK, Duszynski TJ, Valvi NR, et al. Findings from a scoping review: Presumptive
treatment for chlamydiatrachomatis and neisseria gonorrhoeae in the United States, 2006-2021. Sex Transm Dis.
2023;50(4):209-214. [FREE Full text] [doi: 10.1097/OLQ.0000000000001762] [Medline: 36584164]

109. Llata E, Braxton J, Asbel L, Huspeni D, Tourdot L, Kerani RP, et al. Presumptive and follow-up treatment associated with
gonorrhea and chlamydia testing episodes in sexually transmitted disease clinics: Impact of changing treatment guidelines
for gonorrhea, sexually transmitted disease surveillance network, 2015-2018. Sex Transm Dis. 2023;50(1):5-10. [FREE
Full text] [doi: 10.1097/OLQ.0000000000001714] [Medline: 36194764]

110. Wong A, Applegate T, Boettiger DC, Varma R, Guy R, Medland N. Unnecessary antibiotic use in men who have sex with
men (MSM) with anogenital symptoms attending a sexual health clinic: a retrospective analysis. Sex Transm Infect.
2024;100(7):435-441. [doi: 10.1136/sextrans-2024-056120] [Medline: 38871452]

111. Said LB, Conrad A, Souza SD, Alfaiate D, Ader F, Batalla A, et al. Partner treatment strategies for chlamydia and gonorrhea:
Time for a reappraisal. Infect Dis Now. 2025;55(3):105038. [FREE Full text] [doi: 10.1016/j.idnow.2025.105038] [Medline:
39947479]

112. Vanbaelen T, Tsoumanis A, Florence E, Van Dijck C, Huis In 't Veld D, Sauvage A, et al. Effect of screening for neisseria
gonorrhoeae and Chlamydia trachomatis on incidence of these infections in men who have sex with men and transgender
women taking HIV pre-exposure prophylaxis (the Gonoscreen study): results from a randomised, multicentre, controlled
trial. Lancet HIV. 2024;11(4):e233-e244. [FREE Full text] [doi: 10.1016/S2352-3018(23)00299-0] [Medline: 38423024]

113. Vanbaelen T, Manoharan-Basil SS, Kenyon C. Effect of mass treatment on the long-term prevalence of gonorrhoea,
chlamydia and syphilis-a systematic review. Int J STD AIDS. 2024;35(7):550-564. [doi: 10.1177/09564624241239994]
[Medline: 38506648]

114. Kenyon C, Gestels Z, Vanbaelen T, Abdellati S, Van Den Bossche D, De Baetselier I, et al. Doxycycline PEP can induce
doxycycline resistance in in a model of PEP. Front Microbiol. 2023;14:1208014. [FREE Full text] [doi:
10.3389/fmicb.2023.1208014] [Medline: 37711686]

115. Chu VT, Glascock A, Donnell D, Grabow C, Brown CE, Ward R, et al. Impact of doxycycline post-exposure prophylaxis
for sexually transmitted infections on the gut microbiome and antimicrobial resistome. Nat Med. 2025;31(1):207-217.
[FREE Full text] [doi: 10.1038/s41591-024-03274-2] [Medline: 39363100]

116. Chu VT, Glascock A, Donnell D, Grabow C, Brown CE, Ward R, et al. Impact of doxycycline post-exposure prophylaxis
for sexually transmitted infections on the gut microbiome and antimicrobial resistome. Nat Med. 2025;31(1):207-217.
[FREE Full text] [doi: 10.1038/s41591-024-03274-2] [Medline: 39363100]

117. Cornelisse VJ, Ong JJ, Ryder N, Ooi C, Wong A, Kenchington P, et al. Interim position statement on doxycycline
post-exposure prophylaxis (Doxy-PEP) for the prevention of bacterial sexually transmissible infections in Australia and
Aotearoa New Zealand - the Australasian Society for HIV, Viral Hepatitis and Sexual Health Medicine (ASHM). Sex
Health. 2023;20(2):99-104. [doi: 10.1071/SH23011] [Medline: 36927481]

118. Werner RN, Schmidt AJ, Potthoff A, Spornraft-Ragaller P, Brockmeyer NH, German STI Society (DSTIG). Position
statement of the German STI Society on the prophylactic use of doxycycline to prevent STIs (Doxy-PEP, Doxy-PrEP). J
Dtsch Dermatol Ges. 2024;22(3):466-478. [doi: 10.1111/ddg.15282] [Medline: 38123738]

119. Sugarman J, Taylor HA, Bachmann LH, Barbee LA, Cahill S, Celum C, et al. Ethical considerations in implementing
doxycycline postexposure prophylaxis for the prevention of bacterial sexually transmitted infections. Sex Transm Dis.
2024;51(3):135-138. [doi: 10.1097/OLQ.0000000000001907] [Medline: 38079243]

JMIR Res Protoc 2026 | vol. 15 | e81113 | p. 21https://www.researchprotocols.org/2026/1/e81113
(page number not for citation purposes)

Graham et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1136/sextrans-2019-054313
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32066589&dopt=Abstract
http://dx.doi.org/10.1097/OLQ.0000000000001092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31856072&dopt=Abstract
https://europepmc.org/abstract/MED/20585125
http://dx.doi.org/10.1128/AAC.00309-10
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20585125&dopt=Abstract
http://dx.doi.org/10.1093/cid/cix249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28510723&dopt=Abstract
https://www.who.int/initiatives/gonococcal-antimicrobial-surveillance-programme
https://www.who.int/initiatives/gonococcal-antimicrobial-surveillance-programme
https://europepmc.org/abstract/MED/29465702
http://dx.doi.org/10.1097/OLQ.0000000000000740
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29465702&dopt=Abstract
https://europepmc.org/abstract/MED/32649579
http://dx.doi.org/10.1097/OLQ.0000000000001234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32649579&dopt=Abstract
https://europepmc.org/abstract/MED/36584164
http://dx.doi.org/10.1097/OLQ.0000000000001762
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36584164&dopt=Abstract
https://europepmc.org/abstract/MED/36194764
https://europepmc.org/abstract/MED/36194764
http://dx.doi.org/10.1097/OLQ.0000000000001714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36194764&dopt=Abstract
http://dx.doi.org/10.1136/sextrans-2024-056120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38871452&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2666-9919(25)00017-X
http://dx.doi.org/10.1016/j.idnow.2025.105038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39947479&dopt=Abstract
https://hdl.handle.net/2268/327464
http://dx.doi.org/10.1016/S2352-3018(23)00299-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38423024&dopt=Abstract
http://dx.doi.org/10.1177/09564624241239994
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38506648&dopt=Abstract
https://europepmc.org/abstract/MED/37711686
http://dx.doi.org/10.3389/fmicb.2023.1208014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37711686&dopt=Abstract
https://escholarship.org/uc/item/qt35q007mj
http://dx.doi.org/10.1038/s41591-024-03274-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39363100&dopt=Abstract
https://escholarship.org/uc/item/qt35q007mj
http://dx.doi.org/10.1038/s41591-024-03274-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39363100&dopt=Abstract
http://dx.doi.org/10.1071/SH23011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36927481&dopt=Abstract
http://dx.doi.org/10.1111/ddg.15282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38123738&dopt=Abstract
http://dx.doi.org/10.1097/OLQ.0000000000001907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38079243&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


120. Helekal D, Mortimer TD, Grad YH. Expansion of -Carrying in the United States, 2018-2024. N Engl J Med.
2025;393(2):198-200. [doi: 10.1056/NEJMc2504010] [Medline: 40632956]

121. Traeger MW, Mayer KH, Krakower DS, Gitin S, Jenness SM, Marcus JL. Potential impact of doxycycline post-exposure
prophylaxis prescribing strategies on incidence of bacterial sexually transmitted infections. Clin Infect Dis. 2023:ciad488.
[doi: 10.1093/cid/ciad488] [Medline: 37595139]

122. Reichert E, Grad YH. Effects of doxycycline post-exposure prophylaxis for prevention of sexually transmitted infections
on gonorrhoea prevalence and antimicrobial resistance among men who have sex with men in the USA: a modelling study.
Lancet Microbe. 2024;5(11):100926. [FREE Full text] [doi: 10.1016/S2666-5247(24)00168-X] [Medline: 39374606]

123. Tantalo LC, Luetkemeyer AF, Lieberman NAP, Nunley BE, Avendaño C, Greninger AL, et al. In vitro exposure of treponema
pallidum to subbactericidal doxycycline did not induce Resistance: Implications for doxycycline postexposure prophylaxis.
J Infect Dis. 2025;231(3):729-733. [doi: 10.1093/infdis/jiae381] [Medline: 39067061]

124. Sanders EJ, Wahome E, Otieno F, Kimani J, Bentzer A, Okall D, et al. Chlamydia and gonorrhoea infections in young
Kenyan HIV-negative cisgender men who have sex with men and transgender women: a multicentre cohort study. BMJ
Open. 2025;15(7):e098916. [FREE Full text] [doi: 10.1136/bmjopen-2025-098916] [Medline: 40750281]

Abbreviations
ACASI: audio computer-assisted self-interview
AMR: antimicrobial resistance
ART: antiretroviral therapy
CONSORT: Consolidated Standards of Reporting Trials
CT: Chlamydia trachomatis
doxyPEP: doxycycline post-exposure prophylaxis
GEE: generalized estimating equations
MSM: men who have sex with men
NAAT: nucleic acid amplification testing
NG: Neisseria gonorrhoeae
PPT: periodic presumptive treatment
PrEP: pre-exposure prophylaxis
REDCap: Research Electronic Data Capture
STI: sexually transmitted infection
WHO: World Health Organization

Edited by T Leung, A Schwartz; The proposal for this study was peer-reviewed by: HSQE Health Services: Quality and Effectiveness
Study Section, Healthcare Delivery and Methodologies Integrated Review Group (National Institutes of Health, USA). See the
Multimedia Appendix for the peer-review report; Submitted 24.Jul.2025; accepted 30.Nov.2025; published 06.Jan.2026.

Please cite as:
Graham SM, Otieno FO, Kimani J, Barrientos A, Soge OO, Sharma M, Hamilton DT, Celum C, McClelland RS, Sanders EJ
World Health Organization–Recommended Periodic Presumptive Treatment Versus Doxycycline Post-Exposure Prophylaxis for
Sexually Transmitted Infection Control Among Men Who Have Sex With Men in Kenya: Protocol for a Randomized Controlled Trial
JMIR Res Protoc 2026;15:e81113
URL: https://www.researchprotocols.org/2026/1/e81113
doi: 10.2196/81113
PMID:

©Susan M Graham, Fredrick O Otieno, Joshua Kimani, Alé Barrientos, Olusegun O Soge, Monisha Sharma, Deven T Hamilton,
Connie Celum, R. Scott McClelland, Eduard J Sanders. Originally published in JMIR Research Protocols
(https://www.researchprotocols.org), 06.Jan.2026. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR Research Protocols, is properly cited. The
complete bibliographic information, a link to the original publication on https://www.researchprotocols.org, as well as this
copyright and license information must be included.

JMIR Res Protoc 2026 | vol. 15 | e81113 | p. 22https://www.researchprotocols.org/2026/1/e81113
(page number not for citation purposes)

Graham et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1056/NEJMc2504010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40632956&dopt=Abstract
http://dx.doi.org/10.1093/cid/ciad488
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37595139&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2666-5247(24)00168-X
http://dx.doi.org/10.1016/S2666-5247(24)00168-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39374606&dopt=Abstract
http://dx.doi.org/10.1093/infdis/jiae381
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39067061&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=40750281
http://dx.doi.org/10.1136/bmjopen-2025-098916
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40750281&dopt=Abstract
https://www.researchprotocols.org/2026/1/e81113
http://dx.doi.org/10.2196/81113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

