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Objectives: We assessed nonconventional interventions that did not
traditionally focus on increasing condom use and/or testing among men who
have sex with men (MSM) and the evidence for these interventions.

Methods: Guided by the Participants, Concept and Context (PCC) framework,
we searched five online databases from inception to 9 August 2021 for original
research on interventions that do not focus on increasing condom use and/or
testing to prevent gonorrhea and/or syphilis in MSM. Two researchers screened
titles and abstracts to assess eligibility, reviewed articles’ full text and resolved
discrepancies through discussion. We charted relevant study information, and
the included studies were critically appraised.

Results: Of 373 articles retrieved, 13 studies were included. These studies were
conducted in Australia (n = 3), Belgium (n = 2), China (n = 3), the Netherlands
(n = 1) and the US (n = 4). Two randomized controlled trials (RCTs) of
doxycycline as pre-exposure prophylaxis (PrEP) and post-exposure prophylaxis
(PEP) reduced any STI incidence (gonorrhea, syphilis, or chlamydia), but
only doxycycline PEP significantly reduced syphilis incidence. Six studies of
interventions that facilitated self-collection, self-examination, and self-testing,
found varied evidence for gonorrhea and/or syphilis prevention. Four RCTs and
one single-arm trial examined the efficacy of mouthwash, but the evidence
remains inconclusive on whether mouthwash use can prevent transmission
between men.

Conclusion: We found evidence for doxycycline PEP in reducing syphilis
incidence, evidence on the use of mouthwash to prevent gonorrhea
transmission between men remains inconclusive. More evidence is needed for
interventions that do not focus on increasing condom use and/or testing to
prevent gonorrhea and/or syphilis.

gonorrhea, syphilis, MSM, sexually transmitted infection, review, intervention
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Introduction

transmissible  infections  (STIs),
chlamydia, gonorrhea, and syphilis, disproportionately
affect men who have sex with men (MSM) (1-3). Globally, the
World Health Organization has estimated that ~131 million

people are infected with chlamydia each year, followed by

Sexually including

78 million people with gonorrhea and 6 million people with
syphilis (4). While the incidence rate for chlamydia remains
relatively stable (5-7), the incidence rates for both gonorrhea
and syphilis have increased in high-income settings since the
2010s in MSM (1, 2) and heterosexuals (8-10). This review
aimed to focus on the prevention of gonorrhea and/or syphilis
among MSM.
Gonorrhea, (N.
gonorrhoeae) (2, 11), can occur at the genitals (urethra/cervix),

caused by Neisseria gonorrhoeae
anorectum, and oropharynx. Since the 2010s, gonorrhea
incidence among MSM attending sexual health clinics has
significantly increased, particularly anorectal and oropharyngeal
infections (12-16). The commonly accepted route for gonorrhea
transmission between MSM is from an infected genital site to
the anus and oropharynx through condomless sexual contact
(17), but the importance of the oropharynx has recently been
raised (18).

Due to its potential of becoming increasingly resistant to the
antibiotics used for its treatment, gonorrhea has emerged as a
global public health concern (19). Studies have demonstrated
that due to lateral gene transfer, the oropharynx is an important
anatomical site for antimicrobial resistance (AMR) (20-24).
While decreasing gonorrhea incidence is key to reducing
AMR (25), gonorrhea prevention strategies often focus on
encouraging condom use. However, with the recent significant
decline in condom use for anal sex (11, 26) and even less
common use for oral sex among MSM (27), halting this decline
or attempting to increase condom use to prevent gonorrhea can
be challenging.

In addition to the decline in condom use, there have been
concerns over the effectiveness of condoms based on research
suggesting that the role of the penis may not be as important
for transmission between men. For instance, research has shown
that substantial bacterial loads of N. gonorrhoeae can be cultured
in the saliva of individuals diagnosed with oropharyngeal
gonorrhea (28, 29). Moreover, research has found that using
saliva as a lubricant for anal sex is a risk factor for anorectal
gonorrhea (30) and that tongue-kissing is an independent risk
factor for oropharyngeal gonorrhea in MSM (31, 32). Given
that most infections at the oropharynx are asymptomatic (33),
interventions that target the oropharynx may be required for
gonorrhea prevention.

Syphilis, caused by Treponema pallidum (T. pallidum),
continues to rise despite regular screening and contact tracing
(34-38). Individuals with primary syphilis often present with
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lesions (or chancres) at the site of infection, and those
with secondary syphilis present with relatively non-specific
symptoms such as a skin rash. In contrast, individuals with early
latent syphilis do not have symptoms (39). If left untreated,
syphilis can lead to serious health concerns, including cardiac
involvement (40), neurosyphilis (41), and ocular syphilis (41).

Previous research demonstrated that MSM who engaged
in receptive anal sex only (where a partner’s penis is inserted
into their anus) were almost four times more likely to present
with secondary syphilis than primary syphilis compared to men
who did not engage in receptive anal sex (42). This suggests
that a significant proportion of these men may have missed
primary anorectal lesions and, therefore, progress from primary
to secondary syphilis (43). Unrecognized oral and anal shedding
of T. pallidum occurs most frequently in MSM with secondary
syphilis. Therefore, progression toward this stage should be
prevented to reduce the duration of infectiousness (43).

MSM who take PrEP are at a higher risk of acquiring
syphilis, with an estimated incidence of 8.6 per 100 PY (39).
Research has demonstrated that the recommended 3-monthly
PrEP clinic appointments for syphilis screening have failed to
detect a proportion of primary and secondary syphilis infections
in MSM (39), suggesting that regular syphilis screening may
be insufficient. Therefore, additional strategies are required
to prevent onward transmissions of syphilis, especially in the
context of higher syphilis incidence among HIV PrEP users (44).

There is an existing body of literature that consists of studies
of interventions delivered by new media, such as websites, social
media, or smartphone apps (45, 46) to increase condom use
and clinic-based active recall interventions that aim to increase
testing (where healthcare attendance is required) among MSM
(38, 47). Therefore, the current review will not assess changes to
condom use and/or testing in MSM, as an intervention outcome.
Our scoping review aims to: (1) identify knowledge gaps and
scope within the current body of literature on interventions
that do not traditionally rely on increasing condom use and/or
testing to prevent gonorrhea and/or syphilis in MSM and (2)
synthesize knowledge to answer questions about the evidence for
these interventions.

This scoping review focused on the following questions:

1. What non-conventional interventions that do not
traditionally focus on increasing condom use and/or testing have
been investigated or examined to prevent Gonorrhea and/or
syphilis in MSM?

2. What is the evidence for these interventions?

As a guide to form our primary questions, we used
the Participants, Concept and Context (PCC) framework, as
recommended by Joanna Briggs Institute for scoping reviews
(48). Here, we considered participants as MSM aged >16
years, including men living with HIV. Our concept focused on
interventions that do not focus on condom use and/or testing to
prevent gonorrhea and/or syphilis; and with regards to context,
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we focused on interventions in all possible settings or in different
geographical regions and cultural contexts.

Methods

We followed the methodology outlined in the manual for
scoping reviews from the Joanna Briggs Institute (48).

Eligibility criteria

We included original research evaluating interventions that
do not focus on increasing condom use and/or testing to prevent
gonorrhea and/or syphilis in MSM. We included biomedical
self-
collection, self-examination, and self-testing). Self-collection

interventions and self-managed interventions (i.e.,
involves individuals only collecting their own samples, while
self-testing required individuals to collect, test, and interpret
sample results themselves. We also included interventions
incorporating eHealth (i.e., health communication, new

technology, technology-based engagement, and/or mHealth).

Exclusion criteria

We excluded editorials, reviews, and studies of interventions
that only focused on HIV and STIs that were not gonorrhea
and/or syphilis, such as chlamydia, Hepatitis B, Hepatitis C, and
Mpycoplasma genitalium. We also excluded articles focusing on
interventions focused on the use, promotion, or distribution
of condoms, and campaigns that encourage testing without
post-intervention evaluation data.

Search strategy and study selection

We searched Ovid Medline, Ovid Global Health, Embase,
Scopus and Web of Science Core Collection from inception
to 9 August 2021. For each main concept, we used Medline
to identify relevant medical subject headings (MeSH). The
detailed search terms are provided in Supplementary Table S1.
The results from our database searches were imported, and
duplicates were removed in Endnote. Two researchers (JT and
HB) independently screened the titles and abstracts of all the
retrieved articles to assess eligibility, reviewed the full text of
articles, and resolved discrepancies through discussion. Searches
through the reference lists of included studies were conducted to
find relevant studies (see Figure 1).
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Data charting and critical appraisal

For each study, we extracted information about the
author, year of publication, study period, study location, study
objective, study design (RCT, pre-and post-intervention, and
post-intervention), study population, sample size, intervention
description, and relevant findings. According to the study
design, JT and ETA critically appraised the included studies
against Joanna Briggs Institute checklists for RCTs (49), quasi-
experimental studies and cross-sectional studies (50) for quality
assurance when determining the evidence for the interventions.

Results

We identified 374 articles from our database searches, of
which 13 were included (10 from our database searches and
three from our searches of reference lists of the included
studies). Of 13 included studies, two investigated the efficacy
of doxycycline prophylaxis, five examined the efficacy of
mouthwash use, and six focused on the effectiveness of self-
managed interventions in MSM. Of the six self-managed
interventions, two required men to self-collect their samples
only, two required men to self-examine their oral, anal, and
urogenital areas, and two required men to self-test. Table 1
summarizes the characteristics of the 13 included studies.

Quality assessment

Trial design was appropriate in all six RCTs included in this
review. Of the included RCTs, true randomization occurred in all
of six studies, while 67% concealed treatment group allocation,
67% blinded participants, 33% blinded those who delivered the
treatment assignment, and 33% blinded outcome assessors to
treatment assignment. Baseline data was similar in all of the six
studies. There were no other differences in care or treatment
received other than the intervention of interest across the
compared groups in all of the six trials. Follow-up was complete
in 67% of the studies and intention-to-treat analysis occurred in
50% of the studies. All studies measured their outcomes reliably
and analyses were appropriately conducted, and all six studies
measured their outcomes the same way in treatment groups. In
the one single arm trial included, the temporal relationship of
the cause and effect were clear. There was no control group,
and therefore, group comparisons were not applicable. There
were multiple measurements of the outcome, and these were
measured in a reliable way and were appropriately analyzed.

All six studies checked against checklists for analytical
cross-sectional studies clearly defined their inclusion criteria
and described their subjects and setting in detail. All reliably
measured their exposures. Of the six studies, 33% determined
their sample using objective criteria and this criterion was
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FIGURE 1
Flow chart of article selection.

not applicable to 33% of the studies. Identifying and adjusting
for confounding was not applicable to all the studies. Most
studies (83.3%) reliably measured and appropriately analyzed
their outcomes.

Biomedical interventions

Doxycycline is a tetracycline antibiotic used to treat bacterial
infections. Two RCTs have demonstrated that using doxycycline
as pre- and post-exposure prophylaxis may be an effective
biomedical intervention to prevent STIs, including gonorrhea
and/or syphilis, in MSM. The first was a US-based, 48-week
open-label RCT of 30 MSM living with HIV and who also had
previous syphilis infection randomized at a 1:1 ratio. This trial
found that men who received 100 g of doxycycline pre-exposure
prophylaxis daily were significantly less likely to test positive for
any of the selected bacterial STTs (with 73% reduction in syphilis,
gonorrhea, chlamydia or a combination of these STIs) compared

Frontiersin Medicine

04

to men who received contingency management, where there was
a financial incentive if they remained STI-free throughout the
trial (p = 0.02) (51). When incidence for gonorrhea, chlamydia
and syphilis was examined individually, there were no significant
differences in incidence between the men in both groups. There
were no significant differences in sexual risk behaviors between
men in both groups.

In France, a 10-month open-label RCT of 232 MSM and
transgender women randomized at a 1:1 ratio, found that
there was a 47% relative reduction in the risk of acquiring
any STIs (syphilis, gonorrhea, chlamydia, or a combination of
these STIs) in individuals who received 200 g of doxycycline
as post-exposure prophylaxis (PEP) within 24-72h after sex
compared to individuals who did not receive doxycycline PEP.
There was a 73% relative risk reduction in acquiring syphilis in
individuals who received doxycycline PEP compared to those
who did not receive doxycycline PEP (p = 0.047). However,
the relative risk of acquiring gonorrhea did not significantly
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TABLE 1 Characteristics of the included studies of non-conventional interventions for gonorrhea and/or syphilis prevention in MSM.

References Study period Country Study objective Study design Population Sample size
Biomedical Sep 2011-Jan 2012 USA To determine whether daily doxycycline is RCT MSM and transgender women 30
Bolan et al. (51) efficacious in reducing STIs in high-risk groups 1:1 ratio with syphilis history
48-week follow-up
Molina et al. (52) Jul 2015-Jan 2016 France To assess whether doxycycline as post-exposure RCT MSM who had condomless 232
prophylaxis can reduce STI incidence 1:1 ratio sex and who used HIV PrEP
10-month follow-up
Mouthwash May 2015-February Australia To determine whether Listerine can inhibit N. RCT MSM 196
Chow et al. (53) 2016 gonorrhoeae 1:1 ratio
No follow-up
Chow et al. (54) Sep 2018-Feb 2020 Australia To examine whether a 14-day course of Parallel group, MSM 12
mouthwash twice daily is efficacious in treating open-label RCT
oropharyngeal gonorrhea 1:1 ratio
28-day follow-up
(Day 14: follow-up
visit 1; Day 28:
follow-up visit 2)
Chow et al. (55) March 2016-October Australia To compare the efficacy of Listerine Zero and RCT MSM 530
2018 Bioténe mouthwashes in preventing gonorrhea in 1:1 ratio
MSM. 12-week follow-up
Van Dijck et al. (56) Apr 2019-Mar 2020 Belgium To assess the use of an antiseptic mouthwash to RCT MSM 343
prevent STIs 1:1 ratio
6-month follow-up
(2 3-month visits)
Van Dijck et al. (57) NS Belgium To assess efficacy of a mouthwash containing Single-arm pilot MSM Asymptomatic 3
chlorhexidine in eradicating N. gonorrhoeae from trial oropharyngeal gonorrhea
the oropharynx
SELF-MANAGED 2016 USA To evaluate the effectiveness of a novel STI Pre- and MSM living with HIV 1,520 during the baseline year
Self-collection self-collection program in HIV treatment clinic post-intervention 1,510 during intervention year
Bardee et al. (58) study
Leenen et al. (59) March-May 2018 The To pilot a free home-based STT self-collection Post-intervention MSM living with HIV 28
Netherlands program at an HIV treatment clinic study

(Continued)
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Sample size

Population

Study design

Study objective

Country

Study period

TABLE 1 (Continued)

References
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171 who had read the printed

MSM

Pre- and

To increase self-examination to detect syphilis in
MSM

USA

2010-2011

Self-examination

materials 735 who had not

post-intervention

Surie et al. (60)

read the print materials

689

Men living with HIV

76% MSM

MSM

Evaluate intervention to increase oral and rectal Pre- and post-

USA

February 2008-January

2009

Taylor et al. (61)

intervention study

self-examination for syphilis ulcers

371

Pre- and

To evaluate a program which involved social

China

Jun 2017-Nov 2019

Self-testing

post-intervention

media-based secondary distribution of

Wu et al. (62)
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HIV/syphilis self-testing kits

06

10.3389/fmed.2022.952476

differ between individuals in both groups (52). These RCTs
demonstrated that results for specific STIs varied depending on
whether doxycycline was used as pre-exposure prophylaxis or
post-exposure prophylaxis.

Self-managed behavioral interventions

Self-collection

Self-collection, where men only collect their own
pharyngeal, rectal and urine specimens, has been found
to increase detection among MSM. For instance, in a US
study by Barbee et al. (58), men were given kits to self-
collect their samples by following instructional posters
placed on the walls of a room designated for self-collection
at their local sexual health clinic during the intervention
year. Baseline data on infections was collected the year
prior to the intervention year. Self-collection during the
intervention year detected 147 gonorrhea infections, which
was 49 (31 oropharyngeal; 18 anorectal) more infections
compared to the 98 infections detected during the baseline year,
resulting in a 50% increase in detection. Sexual practices were
not measured.

Self-collection at home can also increase STI detection
among MSM. Conducted in the Netherlands, a study of 28
MSM living with HIV who were offered free home-based kits
for self-collection of pharyngeal, rectal and urine specimens, and
blood samples for syphilis testing at their routine care visit by
healthcare professionals, found that 17.9% (5/28) were newly
diagnosed with one or more STIs (59).

Self-examination

Several studies have been investigated self-examination,
which requires men to examine their oral, anal, and urogenital
areas, as an intervention to prevent syphilis in MSM. A US-
based study involved 689 men (76% MSM) living with HIV
who received posters of primary and secondary syphilis lesions
before their quarterly clinic visits. Syphilis prevention messages
were included at the top of each poster, for example: “Sores
caused by syphilis are painless and can be found in the
mouth, anus, rectum, and penis”, or “Neurosyphilis can cause
blindness, hearing loss, cognitive decline, stroke, and chronic
headaches”. At baseline and at each of their quarterly visits,
the men were asked questions about unprotected oral and
anal sex with their regular partner, or casual or anonymous
partners, and whether they had self-examined their oral and
anal areas for syphilis lesions. There were no significant
differences in the men’s number of unprotected oral and anal
sex activities with regular, casual, or anonymous partners at
baseline through to their third clinic visit. However, self-
examination of oral and anal areas increased from 46% at
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baseline to 72% among men with three clinic visits (p <
0.001) (61).

Another US-based study involved 906 MSM who were
provided with brochures about syphilis symptoms, transmission,
and prevention after their clinic visits. The men were asked
whether they had read the brochures and those who responded
“yes” were grouped as having read the brochures and those
who responded “no” were grouped as not having read the
brochures. The study found that men who read the brochures
from a previous visit (n = 171/906) were significantly more
likely than men who did not read the brochures (1 = 735/906)
to self-examine their oral (adjusted prevalence ratio; aPR =
1.2, 95% CI: 1.14-1.36, p < 0.05), anal (aPR = 1.3, 95%
CI 1.15-1.52. p < 0.05), genital areas (aPR = 1.1, 95% CI:
1.01-1.14, p < 0.05) and their skin (aPR = 1.2, 95% CI
1.05-1.19) for at least once a week and were more likely to
examine their partners’ oral (aPR = 1.6, 95% CI 1.10-1.2.26,
p < 0.05) and anal areas (aPR = 1.3, 95% CI 1.03-1.73, p <
0.05) for at least once a week (60). There were no significant
differences in examining partner’s genitals and skin between
men in both groups.

Self-testing

Self-testing involves individuals collecting and testing their
specimens and interpreting the results. One way to increase
self-testing is through secondary distribution, which involves
giving an individual multiple self-testing kits to distribute to
people within their social networks. A study conducted in
Zhuhai, China, recruited 331 MSM (“indexes”) who distributed
HIV/syphilis self-tests to 281 individuals within their social
networks (“alters”) (62). The self-tests had to be ordered through
WeChat (a multifunctional social app) and were mailed out to
the 331 men. Using Quick Response (QR) codes, pictures of test
results were anonymously uploaded to WeChat. However, the
study concluded that there were no significant differences in the
reactive syphilis results between the indexes and alters.

A study by Yang et al. (63), also conducted in Zhuhai,
China, assessed HIV/syphilis self-testing among social networks
of sexual health influencers and non-influencers. Men were
sexual health influencers if they scored >3 and sexual health
non-influencers if they scored <3 on six items using a 5-point
Likert-type scale. The six items assessed whether men could
influence others to seek advice about HIV/STI issues and how
often they discussed HIV/STI topics with other people. The
study found that sexual health influencers were more likely to
influence people within their social networks to upload their test
results using QR codes to WeChat compared to sexual health
non-influencers (adjusted rate ratio = 2.07, 95% CI: 1.59-2.69).
Compared to the alters of sexual health non-influencers, sexual
health influencers had more alters who were from a rural area
(45.5 vs. 23.8%, p < 0.001), did not attend university (57.7 vs.
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37.1%, p < 0.001), and who had multiple casual sex partners
(25.2vs. 11.9%, p < 0.001) in the previous 6 months (63).

Mouthwash as an intervention

In the late 2010s, mouthwash was proposed as an
intervention for gonorrhea prevention and treatment by several
researchers. We identified three RCTs examining the efficacy
of mouthwash in preventing STIs; one RCT in Belgium (56)
and two were conducted in Australia (53, 55). Additionally, two
RCTs examined the efficacy of using mouthwash as treatment for
oropharyngeal gonorrhea (54, 57).

The
conducted in Belgium investigated the efficacy of daily use of

randomized, placebo-controlled, crossover trial
Listerine mouthwash and mouthwash use before and after sex
among 343 MSM taking PrEP and who also had an STT in the
previous 24 months. This trial found men who used Listerine
did not significantly reduce STI incidence (incidence rate ratio
1.17,95% CI 0.84-1.64) compared to men who used the placebo
mouthwash. In the Listerine-placebo group, the STI incidence
was 140.4 per 100 PY during the Listerine phase and 102.6
per 100 PY during the placebo phase. In the placebo-Listerine
group, the STT incidence rate was 133.9 per 100 PY during
the placebo phase and 147.5 per 100 PY during the Listerine
phase (56). A significantly higher proportion of oropharyngeal
gonorrhea cases were detected when using Listerine than when
using placebo (OR 5.78, 95% CI 1.52-136.56, p = 0.024).
However, Listerine use was not significantly associated with
gonorrhea cases at any anatomical site (OR 1.48, 95% CI
0.81-2.83). There were no significant differences in syphilis
cases between Listerine use and placebo.

The first ever RCT on mouthwash was conducted in
Australia that involved 196 MSM with untreated oropharyngeal
gonorrhea. Men were randomized at 1:1 ratio to either using
Listerine Cool Mint mouthwash (containing 21.6% alcohol) or
a saline solution. Men were asked to rinse and gargle 20 ml of
the allocated solution for 1 min. Swabs at the tonsillar fossae
and posterior oropharynx were taken before and 5 min after the
men rinsed and gargled. This trial found that culture positivity
on the pharyngeal surface was significantly lower in men who
use Listerine mouthwash (52%) compared to men who used the
saline solution (84%) (p = 0.013) (53).

The second mouthwash RCT was the OMEGA trial and
involved 530 MSM in Australia. Men were randomized at 1:1
ratio to either using Listerine Zero (0% of alcohol) mouthwash
or Bioténe mouthwash (i.e., a mouthwash did not have any
inhibitory effect against N. gonorrhoeae). Men were asked to
rinse and gargle the allocated mouthwash for 60s at least
once daily over 12 weeks. This trial found that the cumulative
incidence of oropharyngeal gonorrhea did not significantly
differ between men in the Listerine mouthwash group and men
in the Bioténe mouthwash group (adjusted risk difference 3.1%,
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95% CI —1.4 to 7.7) (55). However, the trial also found that a
significant reduction in urethral gonorrhea (<1 vs. 4%; adjusted
risk difference —4.3%, 95% CI —7.4 to —1.3) between men in
the Listerine Zero group compared to the Bioténe mouthwash
group, but not for anorectal gonorrhea (7 vs. 4%; adjusted risk
difference 2.5%, 95% CI —1.9 to 7.0). There were no significant
differences in syphilis incidence between the men in both groups
(adjusted risk difference —0.4%, 95% CI —2.2 to 1.3).

While the first two RCTS from Australia investigated the
efficacy of mouthwash for STI prevention, the third RCT in
Australia investigated mouthwash as potential STI treatment.
The OMEGA?2 trial was an RCT of 12 Australian MSM with
untreated oropharyngeal gonorrhea who were randomized at 1:1
ratio to either receive a 14-day course of mouthwash twice a
day or standard antibiotic treatment to cure their oropharyngeal
gonorrhea (54). Men were asked to abstain from sex and kissing
for 14 days after enrolling in the study. Of those who returned
on day 14, the cure rate for oropharyngeal gonorrhea was 20%
(1/5) for those randomly assigned to the mouthwash group,
while the cure rate was 100% (6/6) for the standard treatment
group (54). This trial failed to demonstrate using mouthwash
as an alternative treatment for oropharyngeal gonorrhea and
therefore, the trial was terminated early.

An open-label single-arm trial which also investigated
mouthwash as treatment for STIs was conducted in Belgium
and involved in 6 MSM with asymptomatic oropharyngeal
gonorrhea. The men were required to gargle mouthwash
(containing 0.2% mg/mL chlorhexidine) twice daily over 6 days.
Three men exited the trial before their day 7 visit. The use
of mouthwash containing chlorhexidine failed to eradicate N.
gonorrhoeae from the oropharynx of three asymptomatic men
(efficacy 0%; 95% confidence interval, 0-56.1%). Therefore, this
trial was terminated early.

Discussion

We identified studies of non-conventional interventions
to prevent gonorrhea and/or syphilis in MSM conducted in
different geographical regions and cultural contexts. While these
interventions seemed to be highly acceptable to the men, there
are potential issues related to terminology, transferability, and
sustainability of these interventions that need to be considered
if future interventions that do not focus on increasing condom
use and/or testing are going to target high-risk, hard-to-reach
groups and to be implemented at the population level.

The efficacy for doxycycline prophylaxis has only been
demonstrated in clinical trials. Doxycycline pre-exposure
prophylaxis did not reduce syphilis incidence in one study,
which was most likely due to its small sample size (i.e.,
15 patients per arm) (51), but doxycycline post-exposure
prophylaxis significantly reduced syphilis incidence in MSM
(52). Given the significance of antibiotic resistance, it is
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important to establish the effectiveness of doxycycline PEP
so that this benefit can be evaluated within the context of
the substantial increase in the use of antibiotics. An RCT
“Syphilaxis” examining the efficacy of doxycycline PrEP in
reducing the incidence of STIs (including gonorrhea, chlamydia,
and syphilis) among MSM is underway in Australia (Identifier:
NCT03709459). Additionally, this trial will also evaluate
resistance in the gut microbiota among men using doxycycline
PrEP. Four other RCTs are in progress or development for
doxycycline prophylaxis to prevent STIs in MSM (64).

We found that there are some inconsistencies and misuse of
the terminology related to self-testing. For instance, self-testing
requires individuals to collect and test their own specimen
and interpret the results themselves. Still, some interventions
that only required individuals to self-collect their samples were
labeled as self-testing. There is some evidence for interventions
that use instructional materials to influence self-collection
behaviors and in turn, detect gonorrhea (58). Similarly, there
is also evidence for using educational materials such as
syphilis prevention brochures to increase self-examination and
partner-examination (60, 61), however, without gonorrhea and
syphilis infections reported as associated outcomes, the evidence
is insufficient.

Secondary distribution as an approach to increase the
number of new self-testers among people within already
established social networks holds some promise, particularly
distribution by sexual health influencers (63). This approach
can be adapted to other geographical regions and cultural
contexts and cater to the needs of high-risk, hard-to-reach
groups, such as men residing in more isolated rural areas
with a high number of male casual sex partners (62). There
are two RCTs underway in China; one examining the efficacy
of social network distribution of syphilis self-testing in MSM
(Identifier: ChiCTR2000036988) (65) and the other examining
the efficacy of free syphilis self-tests in MSM (Identifier:
ChiCTR1900022409) (66). The findings from these studies may
help determine the transferability of these interventions.

Our review found RCTs that assessed the efficacy of
mouthwash use to prevent oropharyngeal gonorrhea in
MSM. One RCT demonstrated that culture positivity on
the pharyngeal surface was significantly lower in men who
gargled mouthwash compared to those who gargled the saline
solution (53), suggesting that mouthwash use can increase
gonococcal clearance. However, this was an immediate effect
5min after the use of mouthwash and the effectiveness of
consistent use or long-term use of mouthwash is unclear.
Two further RCTs examining the efficacy of daily use of
Listerine mouthwash for gonorrhea prevention but the results
are inconclusive (55, 56). Additionally, two other RCTs also
revealed that mouthwash appears to be an ineffective treatment
for oropharyngeal gonorrhea compared to antibiotics (54,
55). The oropharynx plays an important role in gonorrhea
transmission; and therefore, more conclusive evidence is needed
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to inform preventive options that target the oropharynx at the
population level.

Mathematical modeling has indicated that if upon
presentation for STT testing, 30% of MSM are vaccinated with
a gonococcal vaccine with 50 or 100% efficacy, gonorrhea
prevalence could be reduced by 94 or 62%, respectively,
within 2 years (67). There is some evidence for the cross-
over protection from an outer membrane vesicle Neisseria
meningitidis serogroup B (MeNZB) vaccine against N.
gonorrhoeae. For instance, a retrospective case-control
cohort study of 14,730 sexual health clinic attendees,
found that gonorrhea incidence decreased by 31% among
vaccinated individuals (68). Currently, a 24-month multi-
center, double-blinded, RCT is underway to investigate the
efficacy of the 4CMenB vaccine to reduced gonorrhea in MSM
(Identifier: NCT04415424).

This scoping review has several limitations. First, this review
may not have been able to identify and in turn, may have missed
published studies of self-managed behavioral interventions that
were labeled using terms other than self-screening, self-testing,
self-examination, and/or self-collection. Furthermore, while the
studies we assessed were conducted in various geographical
regions and cultural contexts, the potential for transferability
of the findings is yet to be determined due to the lack of

conclusive evidence.

Conclusions

While there is some promise in several of the alternative
strategies assessed, more robust evidence is needed to support
their effectiveness and transferability. Recent evidence supports
the effectiveness of doxycycline prophylaxis (69), but there are
concerns about the development of AMR and whether the
benefit outweighs the potential overuse of doxycycline and
the risk of AMR. Questions have also been raised about the
cost-effectiveness and sustainability of doxycycline prophylaxis.
While it is currently unavailable, an effective vaccine for
preventing gonorrhea in MSM and other groups who are at risk
could reduce infections markedly. Several trials investigating the
efficacy of the 4CMenB vaccine for gonorrhea prevention are
currently underway. While the use of antibacterial mouthwash
can inhibit the growth of N. gonorrhoeae in the oropharynx,
there is no evidence that daily use of antibacterial mouthwash
could prevent individuals from acquiring gonorrhea. There
is no evidence for self-managed strategies, such as regular
anorectal self-examination and syphilis self-testing facilitated
by social media platforms, like WeChat, for syphilis control
in MSM, as these strategies are currently not supported by
sufficient data linked to changes in men’s syphilis infections.
However, investigations are currently underway to examine the
effectiveness of these self-managed strategies for syphilis control
among MSM.

Frontiersin Medicine

09

10.3389/fmed.2022.952476

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary material, further inquiries
can be directed to the corresponding author/s.

Author contributions

EC, JO, and JT conceived and designed the review.
JT performed the search, screened, charted information
for eligible studies, and wrote the first draft of the
manuscript. HB assisted with screening for eligible studies.
EA assisted with the critical appraisal. All authors were
involved in the interpretation of findings, commented on
manuscript drafts, and contributed to the final version of
the manuscript.

Funding

EC and JO are supported by an Australian National
Health and Medical Research Council (NHMRC)
Emerging Leadership Investigator Grant (GNT1172873
for EC and GNT1104781 for JO). CF was supported
by an Australian NHMRC Leadership Investigator
Grant (GNT1172900). JT and EA was supported by the
Australian Government Research Training Program (RTP)
Scholarship.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those
of their affiliated organizations, or those of the publisher,
the editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fmed.2022.952476/full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fmed.2022.952476
https://www.frontiersin.org/articles/10.3389/fmed.2022.952476/full#supplementary-material
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Tran et al.

References

1. Tsuboi M, Evans J, Davies EP, Rowley J, Korenromp EL, Clayton T, et al.
Prevalence of syphilis among men who have sex with men: a global systematic
review and meta-analysis from 2000-20. Lancet Glob Health. (2021) 9:e1110-
e8. doi: 10.1016/52214-109X(21)00221-7

2. Kirkcaldy RD, Weston E, Segurado AC, Hughes G. Epidemiology
of gonorrhoea: sa global perspective. Sex Health. (2019) 16:401-
11. doi: 10.1071/SH19061

3. Unemo M, Bradshaw CS, Hocking JS, de Vries HJC, Francis SC, Mabey D,
et al. Sexually transmitted infections: challenges ahead. Lancet Infect Dis. (2017)
17:235-€79. doi: 10.1016/S1473-3099(17)30310-9

4. World Health Organization. Global Health Sector Strategy on Sexually
Transmitted Infections 2016-2021. Geneva, (2016).

5. The Kirby Institute. National Update on HIV, Viral Hepatitis and
Sexually Transmissible Infections in Australia: 2009-2018. Sydney, NSW: Kirby
Institute (2020).

6. Newman L, Rowley J, Hoorn SV, Wijesooriya NS, Unemo M, Low N,
et al. Global estimates of the prevalence and incidence of four curable sexually
transmitted infections in 2012 based on systematic review and global reporting.
PLoS ONE. (2015) 10:€0143304. doi: 10.1371/journal.pone.0143304

7. Rowley J, Hoorn SV, 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) 97:548-
62P. doi: 10.2471/BLT.18.228486

8. Bamberger DM. Trends in sexually transmitted infections. Mol Med.
(2020) 117:324-7.

9. Jasek E, Chow EP, Ong JJ, Bradshaw CS, Chen MY, Hocking JS, et al. Sexually
transmitted infections in Melbourne, Australia from 1918 to 2016: nearly a century
of data. Commun Dis Intell Q Rep. (2017) 41:E212-22.

10. Mohammed H, Blomquist P, Ogaz D, Duffell S, Furegato M, Checchi M, et al.
100 years of STIs in the UK: a review of national surveillance data. Sex Transm
Infect. (2018) 94:553-8. doi: 10.1136/sextrans-2017-053273

11. Chow EPE, Grulich AE, Fairley CK. Epidemiology and prevention of sexually
transmitted infections in men who have sex with men at risk of HIV. Lancet HIV.
(2019) 6:¢396-405. doi: 10.1016/52352-3018(19)30043-8

12. Callander D, Guy R, Fairley CK, McManus H, Prestage G, Chow EPF, et al.
Gonorrhoea gone wild: rising incidence of gonorrhoea and associated risk factors
among gay and bisexual men attending Australian sexual health clinics. Sex Health.
(2019) 16:457-63. doi: 10.1071/SH18097

13. Igoe D, Kelleher M, Cooney E Clarke S, Quinlan M, Lyons E et al. There
has been a true rise in Neisseria gonorrhoeae but not in Chlamydia trachomatis
in men who have sex with men in Dublin, Ireland. Sex Transm Infect. (2014)
90:523. doi: 10.1136/sextrans-2014-051662

14. Ling DI, Janjua NZ, Wong S, Krajden M, Hoang L, Morshed M, et al.
Sexually Transmitted infection trends among gay or bisexual men from a clinic-
based sentinel surveillance system in British Columbia, Canada. Sex Transm Dis.
(2015) 42:153-9. doi: 10.1097/0OLQ.0000000000000250

15. Marti-Pastor M, Garcia de Olalla P, Barberd M-], Manzardo C, Ocana I,
Knobel H, et al. Epidemiology of infections by HIV, Syphilis, Gonorrhea and
Lymphogranuloma Venereum in Barcelona City: a population-based incidence
study. BMC Public Health. (2015) 15:1015. doi: 10.1186/s12889-015-2344-7

16. 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) 45:243-9. doi: 10.1097/OLQ.000000000000
0740

17. Hook EW III, Handsfield HH. Gonococcal Infections in the Adult. In:
Holmes KK, Sparling PK, Stamm WE, Piot P, Wasserheit JN, Corey L, et al., editors.
Sex Transm Dis. 4th ed. New York, NY: McGraw-Hill Medical (2008). p. 627-46.

18. Fairley CK, Cornelisse V], Hocking JS, Chow EPF. Models of gonorrhoea
transmission from the mouth and saliva. Lancet Infect Dis. (2019) 19:e360—
6. doi: 10.1016/S1473-3099(19)30304-4

19. Wi T, Lahra MM, Ndowa E Bala M, Dillon J-AR, Ramon-Pardo P,
et al. Antimicrobial resistance in Neisseria gonorrhoeae: global surveillance
and a call for international collaborative action. PLoS Med. (2017)
14:¢1002344. doi: 10.1371/journal.pmed.1002344

20. Lewis DA. Will targeting oropharyngeal gonorrhoea delay the further
emergence of drug-resistant Neisseria gonorrhoeae strains? Sex Transm Infect.
(2015) 91:234-7. doi: 10.1136/sextrans-2014-051731

Frontiersin Medicine

10

10.3389/fmed.2022.952476

21. Adamson PC, Klausner JD. The staying power of pharyngeal gonorrhea:
implications for public health and antimicrobial resistance. Clin Infect Dis. (2021)
73:583-5. doi: 10.1093/cid/ciab074

22. Unemo M, Shafer WM. Antimicrobial resistance in Neisseria gonorrhoeae
in the 21st century: past, evolution, and future. Clin Microbiol Rev. (2014) 27:587-
613. doi: 10.1128/CMR.00010-14

23. Dong HV, Klausner JD. Neisseria gonorrhoeae resistance driven by antibiotic
use. Nat Rev Urol. (2019) 16:509-10. doi: 10.1038/s41585-019-0206-2

24. Dong HV, Pham LQ, Nguyen HT, Nguyen MXB, Nguyen TV, May E
et al. Decreased cephalosporin susceptibility of oropharyngeal neisseria species in
antibiotic-using men who have sex with men in Hanoi, Vietnam. Clin Infect Dis.
(2020) 70:1169-75. doi: 10.1093/cid/ciz365

25. Centers for Disease Control and Prevention. Antibiotic Resistance Threats in
the United States. Atlanta, GA: Centers for Disease Control and Prevention (2013).

26. Holt M, Lea T, Mao L, Kolstee ], Zablotska I, Duck T, et al. Community-
level changes in condom use and uptake of HIV pre-exposure prophylaxis
by gay and bisexual men in Melbourne and Sydney, Australia: results of
repeated behavioural surveillance in 2013-17. Lancet HIV. (2018) 5:e448-
56. doi: 10.1016/S2352-3018(18)30072-9

27. Phillips T, Fairley CK, Walker S, Chow EPF. Associations between oral sex
practices and frequent mouthwash use in men who have sex with men: implications
for gonorrhoea prevention. Sex Health. (2019) 16:473-8. doi: 10.1071/SH18131

28. Chow EPE Lee D, Tabrizi SN, Phillips S, Snow A, Cook S, et al. Detection
of Neisseria gonorrhoeae in the pharynx and saliva: implications for gonorrhoea
transmission. Sex Transm Infect. (2016) 92:347. doi: 10.1136/sextrans-2015-052399

29. Chow EPE Tabrizi SN, Phillips S, Lee D, Bradshaw CS, Chen MY,
et al. Neisseria gonorrhoeae bacterial DNA load in the pharynges and
saliva of men who have sex with men. J Clin Microbiol. (2016) 54:2485-
90. doi: 10.1128/JCM.01186-16

30. Chow EPE Cornelisse V], Read TRH, Lee D, Walker S, Hocking JS, et al.
Saliva use as a lubricant for anal sex is a risk factor for rectal gonorrhoea
among men who have sex with men, a new public health message: a cross-
sectional survey. Sex Transm Infect. (2016) 92:532-6. doi: 10.1136/sextrans-2015-0
52502

31. Chow EPE Cornelisse VJ, Williamson DA, Priest D, Hocking JS, Bradshaw
CS, et al. Kissing may be an important and neglected risk factor for oropharyngeal
gonorrhoea: a cross-sectional study in men who have sex with men. Sex Transm
Infect. (2019) 95:516-21. doi: 10.1136/sextrans-2018-053896

32. Tran J, Ong JJ, Bradshaw CS, Chen MY, Kong FYS, Hocking JS, et al.
Kissing, fellatio, and analingus as risk factors for oropharyngeal gonorrhoea in
men who have sex with men: a cross-sectional study. EClinicalMedicine. (2022)
51:101557. doi: 10.1016/j.eclinm.2022.101557

33. Barbee LA, Dombrowski JC, Kerani R, Golden MR. Effect of nucleic
acid amplification testing on detection of extragenital gonorrhea and chlamydial
infections in men who have sex with men sexually transmitted disease clinic
patients. Sex Transm Dis. (2014) 41:168-72. doi: 10.1097/OLQ.0000000000000093

34. Bissessor M, Fairley CK, Leslie D, Howley K, Chen MY. Frequent
screening for syphilis as part of HIV monitoring increases the detection of early
asymptomatic syphilis among HIV-positive homosexual men. J Acquir Immune
Defic Syndr. (2010) 55:211-6. doi: 10.1097/QAI.0b013e3181e583bf

35. Down I, Wilson DP, McCann PD, Gray R, Hoare A, Bradley J, et al. Increasing
gay men’s testing rates and enhancing partner notification can reduce the incidence
of syphilis. Sex Health. (2012) 9:472-80. doi: 10.1071/SH12023

36. Aar F, Schreuder I, Weert Y, Spijker R, Gétz H, Op de Coul E, et al. Current
practices of partner notification among MSM with HIV, gonorrhoea and syphilis
in the Netherlands: an urgent need for improvement. BMC Infect Dis. (2012)
12:114. doi: 10.1186/1471-2334-12-114

37. Hengel B, Jamil MS, Mein JK, Maher L, Kaldor JM, Guy R]. Outreach
for chlamydia and gonorrhoea screening: a systematic review of strategies
and outcomes. BMC Public Health. (2013) 13:1040. doi: 10.1186/1471-2458-1
3-1040

38. Zou H, Fairley CK, Guy R, Chen MY. The efficacy of clinic-based
interventions aimed at increasing screening for bacterial sexually transmitted
infections among men who have sex with men: a systematic review. Sex Transm
Dis. (2012) 39:382-7. doi: 10.1097/OLQ.0b013e318248e3ff

39. Peel ], Chow EPE Denham I, Schmidt T, Buchanan A, Fairley C, et al.
Clinical presentation of incident syphilis among men who have sex with men taking
HIV Pre-Exposure Prophylaxis in Melbourne, Australia. Clin Infect Dis. (2021)
76:€934-7. doi: 10.1136/sextrans-2021-sti.261

frontiersin.org


https://doi.org/10.3389/fmed.2022.952476
https://doi.org/10.1016/S2214-109X(21)00221-7
https://doi.org/10.1071/SH19061
https://doi.org/10.1016/S1473-3099(17)30310-9
https://doi.org/10.1371/journal.pone.0143304
https://doi.org/10.2471/BLT.18.228486
https://doi.org/10.1136/sextrans-2017-053273
https://doi.org/10.1016/S2352-3018(19)30043-8
https://doi.org/10.1071/SH18097
https://doi.org/10.1136/sextrans-2014-051662
https://doi.org/10.1097/OLQ.0000000000000250
https://doi.org/10.1186/s12889-015-2344-7
https://doi.org/10.1097/OLQ.0000000000000740
https://doi.org/10.1016/S1473-3099(19)30304-4
https://doi.org/10.1371/journal.pmed.1002344
https://doi.org/10.1136/sextrans-2014-051731
https://doi.org/10.1093/cid/ciab074
https://doi.org/10.1128/CMR.00010-14
https://doi.org/10.1038/s41585-019-0206-2
https://doi.org/10.1093/cid/ciz365
https://doi.org/10.1016/S2352-3018(18)30072-9
https://doi.org/10.1071/SH18131
https://doi.org/10.1136/sextrans-2015-052399
https://doi.org/10.1128/JCM.01186-16
https://doi.org/10.1136/sextrans-2015-052502
https://doi.org/10.1136/sextrans-2018-053896
https://doi.org/10.1016/j.eclinm.2022.101557
https://doi.org/10.1097/OLQ.0000000000000093
https://doi.org/10.1097/QAI.0b013e3181e583bf
https://doi.org/10.1071/SH12023
https://doi.org/10.1186/1471-2334-12-114
https://doi.org/10.1186/1471-2458-13-1040
https://doi.org/10.1097/OLQ.0b013e318248e3ff
https://doi.org/10.1136/sextrans-2021-sti.261
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Tran et al.

40. Read PJ, Donovan B. Clinical aspects of adult syphilis. Intern Med J. (2012)
42:614-20. doi: 10.1111/j.1445-5994.2012.02814.x

41. Rasoldier V, Gueudry J, Chapuzet C, Bodaghi B, Muraine M, Tubiana R,
et al. Early symptomatic neurosyphilis and ocular syphilis: a comparative study
between HIV-positive and HIV-negative patients. Infect Dis Now. (2021) 51:351—
6. doi: 10.1016/j.medmal.2020.10.016

42. Cornelisse V], Chow EPE Latimer RL, Towns ], Chen M, Bradshaw CS,
et al. Getting to the bottom of it: sexual positioning and stage of syphilis at
diagnosis, and implications for syphilis screening. Clin Infect Dis. (2020) 71:318-
22. doi: 10.1093/cid/ciz802

43. Towns JM, Leslie DE, Denham I, Wigan R, Azzato F, Williamson DA, et al.
Treponema pallidum detection in lesion and non-lesion sites in men who have sex
with men with early syphilis: a prospective, cross-sectional study. Lancet Infect Dis.
(2021) 21:1324-31. doi: 10.1016/51473-3099(20)30838-0

44. Ong JJ, Baggaley RC Wi TE, Tucker JD, Fu H, Smith MK, et al
Global epidemiologic characteristics of sexually transmitted infections
among individuals using preexposure prophylaxis for the prevention of HIV
infection: a systematic review and meta-analysis. JAMA Netw Open. (2019)
2:¢1917134. doi: 10.1001/jamanetworkopen.2019.17134

45. Swanton R, Allom V, Mullan B, A. meta-analysis of the effect of new-
media interventions on sexual-health behaviours. Sex Transm Infect. (2015) 91:14—
20. doi: 10.1136/sextrans-2014-051743

46. Long L, Abraham C, Paquette R, Shahmanesh M, Llewellyn C,
Townsend A, et al. Brief interventions to prevent sexually transmitted infections
suitable for in-service use: a systematic review. Prev Med. (2016) 91:364-
82. doi: 10.1016/j.ypmed.2016.06.038

47. Desai M, Woodhall SC, Nardone A, Burns E Mercey D, Gilson R. Active recall
to increase HIV and STI testing: a systematic review. Sex Transm Infect. (2015)
91:314-23. doi: 10.1136/sextrans-2014-051930

48. Peters M, Godfrey C, McInerney P, Soares C, Khalil H, Parker D. The Joanna
Briggs Institute Reviewers’ Manual 2015: Methodology for JBI Scoping Reviews.
Adelaide: Joanna Briggs Institute (2015).

49. Moola S, Munn Z, Tufanaru C, Aromataris E, Sears K, Sfetcu R, et al. Chapter
7: systematic reviews of etiology and risk. In: Aromataris E, Munn Z, editors. JBI
Manual for Evidence Synthesis. Adelaide: Joanna Briggs Institute (2020).

50. Tufanaru C, Munn Z, Aromataris E, Campbell JLH. Chapter 3: systematic
reviews of effectiveness. In: Aromataris E, Munn Z, editors. JBI Manual for
Evidence Synthesis. Adelaide: Joanna Briggs Institute (2020).

51. Bolan RK, Beymer MR, Weiss RE, Flynn RP, Leibowitz AA,
Klausner JD. Doxycycline prophylaxis to reduce incident syphilis among
hiv-infected men who have sex with men who continue to engage in high-
risk sex: a randomized, controlled pilot study. Sex Transm Dis. (2015)
42:98-103. doi: 10.1097/0LQ.0000000000000216

52. Molina JM, Charreau I, Chidiac C, Pialoux G, Cua E, Delaugerre
C, et al. 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) 18:308-
17. doi: 10.1016/51473-3099(17)30725-9

53. Chow EPF, Howden BP, Walker S, Lee D, Bradshaw CS, Chen MY, et al.
Antiseptic mouthwash against pharyngeal Neisseria gonorrhoeae: a randomised
controlled trial and an in vitro study. Sex Transm Infect. (2017) 93:88-
93. doi: 10.1136/sextrans-2016-052753

54. Chow EPE, Maddaford K, Hocking JS, Bradshaw CS, Wigan R,
Chen MY, et al. An open-label, parallel-group, randomised controlled trial
of antiseptic mouthwash versus antibiotics for oropharyngeal gonorrhoea
treatment (OMEGA2). Sci Rep. (2020) 10:19386. doi: 10.1038/s41598-020-7
6184-1

55. Chow EPE, Williamson DA, Hocking JS, Law MG, Maddaford K,
Bradshaw CS, et al. Antiseptic mouthwash for gonorrhoea prevention

Frontiersin Medicine

11

10.3389/fmed.2022.952476

(OMEGA): a randomised, double-blind, parallel-group, —multicentre
trial. Lancet Infect Dis. (2021) 21:647-56. doi: 10.1016/S1473-3099(20)3
0704-0

56. Van Dijck C, Tsoumanis A, Rotsaert A, Vuylsteke B, Van den Bossche
D, Paeleman E, et al. Antibacterial mouthwash to prevent sexually transmitted
infections in men who have sex with men taking HIV pre-exposure prophylaxis
(PReGo): a randomised, placebo-controlled, crossover trial. Lancet Infect Dis.
(2021) 21:657-67. doi: 10.1016/S1473-3099(20)30778-7

57. Van Dijck C, Tsoumanis A, De Hondt A, Cuylaerts V, Laumen J, Van
Herrewege Y, et al. Chlorhexidine mouthwash fails to eradicate oropharyngeal
gonorrhea in a clinical pilot trial (MoNg). Sex Transm Dis. (2021) 49:e38-
e41. doi: 10.1097/OLQ.0000000000001515

58. Barbee LA, Tat S, Dhanireddy S, Marrazzo JM. Effectiveness and
patient acceptability of a sexually transmitted infection self-testing program
in an HIV care setting. | Acquir Immune Defic Syndr. (2016) 72:E26-
31. doi: 10.1097/QAI.0000000000000979

59. Leenen J, Hoebe C, Ackens RP, Posthouwer D, van Loo IHM, Wolffs
PFG, et al. Pilot implementation of a home-care programme with chlamydia,
gonorrhoea, hepatitis B, and syphilis self-sampling in HIV-positive men who have
sex with men. BMC Infect Dis. (2020) 20:9-25. doi: 10.1186/s12879-020-05658-4

60. Surie D, Furness BW, Hernandez-Kline P, Turner A, Perkins RC, Taylor
MM, et al. Examining self and partners for syphilis among men who have
sex with men: five US cities, 2009-2011. Int J STD AIDS. (2012) 23:859-
61. doi: 10.1258/ijsa.2012.012016

61. Taylor MM, Peterson B, Post J, Williams C, Vanig T, Winscott M. Self-
examination behaviors for syphilis symptoms among HIV-infected men. J Acquir
Immune Defic Syndr. (2010) 55:284-5. doi: 10.1097/QAI.0b013e3181e13ed9

62. Wu D, Zhou Y, Yang N, Huang S, He X, Tucker J, et al. Social media-based
secondary distribution of HIV/syphilis self-testing among Chinese men who have
sex with men. Clin Infect Dis. (2020) 73:€2251-7. doi: 10.2139/ssrn.3498429

63. Yang N, Wu D, Zhou Y, Huang S, He X, Tucker J, et al. Sexual health
influencer distribution of HIV/syphilis self-tests among men who have sex with
men in China: secondary analysis to inform community-based interventions. ] Med
Internet Res. (2021) 23:¢24303. doi: 10.2196/24303

64. Grant JS, Stafylis C, Celum C, Grennan T, Haire B, Kaldor J, et al. Doxycycline
prophylaxis for bacterial sexually transmitted infections. Clin Infect Dis. (2020)
70:1247-53. doi: 10.1093/cid/ciz866

65. Wang Y], Zhang W, Bao DP, Ong JJ, Tucker JD, Ye RX, et al. Social network
distribution of syphilis self-testing among men who have sex with men in China:
study protocol for a cluster randomized control trial. BMC Infect Dis. (2021)
21:491-99. doi: 10.5772/intechopen.87410

66. Cheng WB, Wang CY, Tang WM, Ong J], Fu HY, Marks M, et al. Promoting
routine syphilis screening among men who have sex with men in China: study
protocol for a randomised controlled trial of syphilis self-testing and lottery
incentive. BMC Infect Dis. (2020) 20:8. doi: 10.1186/s12879-020-05188-z

67. Hui BB, Padeniya TN, Rebuli N, Gray RT, Wood JG, Donovan B, et al. A
gonococcal vaccine has the potential to rapidly reduce the incidence of Neisseria
gonorrhoeae infection among urban men who have sex with men. J Infect Dis.
(2021) 225:983-93. doi: 10.1093/infdis/jiab581

68. Petousis-Harris H, Paynter ], Morgan ], Saxton P, McArdle B,
Gondyear—Smith E et al. Effectiveness of a group B outer membrane vesicle
meningococcal vaccine against gonorrhoea in New Zealand: a retrospective
case-control study. Lancet. (2017) 390:1603-10. doi: 10.1016/S0140-6736(17)3
1449-6

69. Luetkemeyer A, Dombrowski J, Cohen S, Donnell D, Grabow C, Brown
C, et al, editors. Doxycycline post-exposure prophylaxis for prevention of
STIs among MSM and TGW who are living with HIV or on PrEP. In:
The International AIDS Conference. Montreal, QC: The International AIDS
Society (2022).

frontiersin.org


https://doi.org/10.3389/fmed.2022.952476
https://doi.org/10.1111/j.1445-5994.2012.02814.x
https://doi.org/10.1016/j.medmal.2020.10.016
https://doi.org/10.1093/cid/ciz802
https://doi.org/10.1016/S1473-3099(20)30838-0
https://doi.org/10.1001/jamanetworkopen.2019.17134
https://doi.org/10.1136/sextrans-2014-051743
https://doi.org/10.1016/j.ypmed.2016.06.038
https://doi.org/10.1136/sextrans-2014-051930
https://doi.org/10.1097/OLQ.0000000000000216
https://doi.org/10.1016/S1473-3099(17)30725-9
https://doi.org/10.1136/sextrans-2016-052753
https://doi.org/10.1038/s41598-020-76184-1
https://doi.org/10.1016/S1473-3099(20)30704-0
https://doi.org/10.1016/S1473-3099(20)30778-7
https://doi.org/10.1097/OLQ.0000000000001515
https://doi.org/10.1097/QAI.0000000000000979
https://doi.org/10.1186/s12879-020-05658-4
https://doi.org/10.1258/ijsa.2012.012016
https://doi.org/10.1097/QAI.0b013e3181e13ed9
https://doi.org/10.2139/ssrn.3498429
https://doi.org/10.2196/24303
https://doi.org/10.1093/cid/ciz866
https://doi.org/10.5772/intechopen.87410
https://doi.org/10.1186/s12879-020-05188-z
https://doi.org/10.1093/infdis/jiab581
https://doi.org/10.1016/S0140-6736(17)31449-6
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

	Non-conventional interventions to prevent gonorrhea or syphilis among men who have sex with men: A scoping review
	Introduction
	Methods
	Eligibility criteria
	Exclusion criteria
	Search strategy and study selection
	Data charting and critical appraisal

	Results
	Quality assessment
	Biomedical interventions
	Self-managed behavioral interventions
	Self-collection
	Self-examination
	Self-testing

	Mouthwash as an intervention

	Discussion
	Conclusions
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


