Open access Original research

BM)J Open

To cite: Lambert G,

Fourmigue A, Dvorakova M,

et al. Incidence and risk

factors of C. trachomatis,

N. gonorrhoeae and syphilis
among a cohort of urban
Canadian gay, bisexual and
other men who have sex with
men, 2017-2023: informing the
potential impact of doxycycline
prophylaxis. BMJ Open
2026;16:6111357. doi:10.1136/
bmjopen-2025-111357

» Prepublication history

and additional supplemental
material for this paper are
available online. To view these
files, please visit the journal
online (https://doi.org/10.1136/
bmjopen-2025-111357)

Received 23 September 2025
Accepted 23 April 2026

| '.) Check for updates

© Author(s) (or their
employer(s)) 2026. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ Group.

For numbered affiliations see
end of article.

Correspondence to
Dr Gilles Lambert;
glislambert@gmail.com

Incidence and risk factors of C.
trachomatis, N. gonorrhoeae and
syphilis among a cohort of urban
Canadian gay, bisexual and other men
who have sex with men, 2017-2023:
informing the potential impact of
doxycycline prophylaxis

Gilles Lambert,"? Alain Fourmigue,® Milada Dvorakova

David Moore © ,*>® Nathan J Lachowsky

% Erica E M Moodie,*
5" Daniel Grace,® Trevor A Hart,®®

Darrell H S Tan,'®'"! Jody Jollimore,'? Annie-Claude Labbé,® Claude Fortin,®

Mathieu Maheu-Giroux,* Mark Hull,? Troy Grennan
Terri Zhang,® Allan Lal,® Aki Gormezano,” Joseph Cox

ABSTRACT

Objectives Doxycycline as post-exposure prophylaxis
(doxy-PEP) has emerged as an efficacious strategy to
reduce Chlamydia trachomatis (C. trachomatis), Neisseria
gonorrhoeae (N. gonorrhoeae) and syphilis (sexually
transmitted infections (STIs)) among gay, bisexual and
other men who have sex with men (GBM). There is a need
to identify prescribing criteria that maximise the number of
STls averted while minimising excessive use.

Design In this prospective longitudinal cohort study with
repeated measures and biobehavioural data collection,
participants completed a questionnaire and tested for STls
at each visit.

Setting Community-based, population-level study
conducted in three large Canadian cities between February
2017 and July 2023.

Participants 2449 GBM were recruited through
respondent-driven sampling (RDS); 1998 had >1 follow-
up visit, contributing 7551 person-years of observation.
Eligible participants were aged >16 years, cis- or
transgender men, reported sex with another man in

the past 6 months and resided in Montreal, Toronto or
Vancouver.

Primary and secondary outcome measures Adjusted
rate ratios (aRR) of STls, accounting for RDS recruitment,
loss to follow-up and confounding were estimated

using generalised estimating equations (GEE) Poisson
regression. For identified STI risk factors, the proportions
of STls averted through doxy-PEP prescription (based on
the efficacy of doxy-PEP for each bacterial STI) and the
number needed to treat (NNT) for 1 year to avert one STI,
assuming 100% adherence, were calculated.

Results Among 1998 participants, the combined
incidence rate of any C. trachomatis, N. gonorrhoeae and
syphilis infection was 29.5 (95%Cl 27.3 to 31.9) per 100

. Sophie Brunelle-Newman,
1,3,4

3

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Repeated and detailed behavioural and biologi-
cal measures were collected over 6 years among
a large, diverse, community-based cohort of gay,
bisexual and other men who have sex with men
recruited using respondent-driven sampling (RDS).

= Outcomes included both laboratory-confirmed and
self-reported chlamydia and gonorrhoea infections.
As such, considering sexually transmitted infection
(STI) events occurring between study visits may
have given a better sense for the true frequency
of these events. First syphilis infections or reinfec-
tions were ascertained based on serial serology and
treatment history.

= Adjustment for recruitment method, loss to follow-
up and within-subject correlation from repeated
measures was applied using RDS-Il weights, inverse
probability of censoring weights and generalised
estimating equation regression, respectively, which
helped limit related biases.

= The number of infections averted, and therefore the
number needed to treat, are contingent on the STI
rates and levels of doxycycline-resistant Neisseria
gonorrhoeae in a given community, thereby affect-
ing generalisability to other settings.

= Finally, participation in the cohort may have influ-
enced prevention behaviours leading to an underes-
timation of the true STl incidence in the community.

person-years. ST risk factors that had the most impact as
doxy-PEP criteria were history of any of the three STls in
the past 12months (P12M) (aRR=2.0, 95% Cl 1.8 t0 2.2,
36% STl averted, NNT=2.1); >10 male sexual partners

in the past 6 months (P6M) (aRR=3.8, 95% Cl 3.0 to 4.9,

BM) Group
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41% STl averted, NNT=2.4); HIV-pre-exposure prophylaxis (PrEP) use
P6M (aRR=1.7,95% Cl 1.5 t0 2.0, 29% STl averted, NNT=2.5); use of any
chemsex-related substance P6M (aRR=1.2, 95% Cl 1.1 to 1.4, 28% STI
averted, NNT=2.6); and group sex event attendance P6M (aRR=1.2, 95%
Cl 1.1 1o 1.3, 27% STl averted, NNT=2.3). Reporting>10 male sex partners
P6M represented the most useful criterion for syphilis prevention (52%
syphilis infections averted, NNT=20). Prescribing doxy-PEP to GBM having
any of the following STI risk factors, namely, >1 bacterial STI P12M,
>10male sex partners P6M, or HIV-PrEP use P6M, would substantially
increase the proportion of all STI diagnoses potentially averted (60%) with
minimal increase of the NNT (2.7).

Conclusion This work informs on the impact of various doxy-PEP clinical
prescribing criteria and demonstrates the benefit of focusing on any of the
following three criteria: >1 bacterial STI P12M, >10male sex partners P6M
or HIV-PrEP use P6M.

INTRODUCTION

Chlamydia trachomatis (CT), Neisseria gonorrhoeae (NG) and
syphilis, hereinafter referred to as sexually transmitted
infections (STIs), may have severe health consequences1
and increase the risk of HIV infection.? Between 2010 and
2019, the rates of reported CT, NG and infectious syph-
ilis among men in Canada increased by 63%, 229% and
195% respectively; gay, bisexual men and other men who
have sex with men (GBM) represented 41% of male infec-
tious syphilis cases.” Current prevalence estimates of these
infections in GBM populations are obtained mainly from
clinics specialising in sexual health and care of sexually
transmitted and blood-borne infection (STBBI); these
data may overrepresent persons who engage in atrisk
sexual behaviours or have better access to health services.

Many factors increase the risks of STIs.! o Examining
such factors using updated and context-specific data
could help inform prevention strategies, such as the use of
doxycycline post-exposure prophylaxis (doxy-PEP). Large
randomised controlled trials among GBM and trans-
gender women have shown that doxycycline taken within
72 hours after condomless oral or anal sex reduces syph-
ilis and chlamydia infections by approximately 75% and
gonococcal infections by approximately 50%.°” However,
prescribing doxy-PEP is complicated by concerns about
potential harms of widespread use, notably antimicrobial
resistance.” Thus, prescribing criteria that maximise the
impact on STI occurrence while minimising excessive use
must be identified. Furthermore, doxy-PEP adherence is
expected to be influenced by perceptions of STI serious-
ness and acquisition risk.

The study’s objectives were to (1) estimate trends
in the incidence rates of STIs between 2017 and 2023,
(2) provide an updated portrait of STI risk factors, (3)
evaluate the impact of doxy-PEP using hypothetical
prescribing scenarios and (4) explore perceived serious-
ness and risk of STI among participants meeting potential
doxy-PEP criteria. To do so, data from GBM who partici-
pated in a population-based biobehavioural cohort study
in Montreal, Toronto, and Vancouver, Canada’s three
largest cities were analysed.

METHODS
Participant recruitment and data collection
Individuals eligible for participation in the Engage
Cohort Study were French or English-speaking, cis- or
transgender men, aged >16 years, who reported sex with
at least one man in the 6 months prior to the study visit
and who resided in Montreal, Toronto or Vancouver.
Respondent-driven sampling (RDS), an adapted form of
chain referral, was employed for participant recruitment. '’
After the baseline study visit (2017-2019; all sites),
participants returned every 6-12 months for follow-up
visits (the first follow-up visit was at 12 months in Montreal
and Toronto). The present analysis considers the first visit
and all subsequentyvisits, up to February 2023. At each visit,
participants completed a questionnaire using computer-
assisted self-interviewing and underwent screening for
STBBI. Details on how variables were defined and opera-
tionalised are found in online supplemental file 1.

Outcomes and other variables of interest

Prospective events of CT, NG and syphilis infections
were ascertained. For CT and NG outcomes, laboratory-
confirmed infections detected at study visits were
counted, as well as self-reported diagnoses received from
a doctor/nurse in the 6 months preceding the study visit.
To avoid double-counting, self-reported diagnoses of CT
or NG at a visit occurring <6 months after a study visit
during which a positive laboratory result was obtained
were excluded. Concurrent positive results for the same
pathogen detected at multiple anatomical sites were
considered a single infection. For syphilis, only laboratory-
confirmed infections detected at study visits were consid-
ered because first infections or reinfections occurring
between study visits could be ascertained based on serial
serology results and treatment history. Perceived serious-
ness and risks of CT, NG and syphilis were measured with
responses dichotomised as serious/somewhat serious
versus neutral/somewhat not serious/not serious.

Based on literature and expert knowledge, potential STI
risk factors were selected among the following categories:
socio-demographic characteristics, sexual behaviours,
contexts for finding sexual partners, substance use,
mental health and STBBI prevention and history. Poten-
tial criteria for prescribing doxy-PEP were selected from
the STI risk factors identified empirically within this study.

Statistical analysis
RDS recruitment often overrepresents individuals who
are more visible and socially connected within the target
population.'” To address this selection bias, modified
RDS-IT weights were calculated by inverting each partic-
ipant’s likelihood of inclusion in the sample, which was
imputed using self-reported network size, number of
participants recruited and the time taken to recruit each
of them."!

To consider the COVID-19 pandemic, the study was divided
into pre-pandemic (February 2017-2020), pandemic (March
2020 to August 2021) and restriction easing (September 2021

2
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to January 2023) periods. The dates were based on the start
of the study, declaration of the pandemic by the WHO'? and
easing of entry requirements for non-essential travel into
Canada." Participants with no follow-up visit during a period
were considered lost to follow-up (LTFU) for that period. For
each period, inverse-probability-of-censoring (IPC) weights
were calculated using baseline covariates to reduce covariate
imbalance between LTFU participants and those retained.
RDS and IPC weights were combined and applied to all
regression models.

Incidence rates of STIs and rate ratios (RR) of STIs for
selected risk factors were estimated using generalised esti-
mating equation (GEE) Poisson regression with an offset for
time contribution. Robust standard errors clustered by indi-
viduals were used to account for within-subject correlation
between visits. Incidence rates were calculated by city and
period. RRs were assumed to be constant across cities, and
the models were adjusted for cityspecific incidence of STI.
A multivariable GEE Poisson model estimated the associa-
tion between the rate of all STIs (sum of all events) and the
risk factors in the past 6 months (P6M) as well as STI history
in the past 12 months (P12M) to compare rates across vari-
ables while accounting for potential socio-demographic and
psychological confounders.*

The impacts of various hypothetical doxy-PEP prescribing
scenarios were evaluated. In doing so, adherence of 100%
was assumed; that is, at each visit, participants who met the
specified criteria were considered to have taken doxy-PEP
within 72 hours of every episode of condomless oral or anal

sex until their subsequent visit. Across all study periods,
the total number of STI events among participants using
doxy-PEP were reduced by doxy-PEP clinical trial efficacy esti-
mates. This enabled consideration of the varying efficacies
of doxy-PEP for each bacterial STI. Specifically, 74%-88%
for CT, 55%-57% for NG and 77%-87% for syphilis (online
supplemental file 2). Finally, for each criterion, the number
needed to treat (NNT) with doxy-PEP for 1 year to avert
one STT diagnosis was calculated by dividing the number of
participants on doxy-PEP over time (expressed in PY) by the
number of STI diagnoses averted among all participants.
Sample proportions of perceived seriousness and perceived
risk of acquisition of each STI were calculated. Associations
between selected doxy-PEP criteria and each of these two
perceptions were estimated using a series of multivariate GEE
Poisson regressions adjusted for potential confounders.
Analyses were performed using R v4.1.2 (R Core Team,

2021).

Patient and public involvement

The Engage study collaborated with community
engagement committees (CECs) in each respective city
throughout the duration of the project. CECs consisted of
members of the local gay, bisexual and queer communi-
ties. CEC members were consulted regularly for feedback
and input on all stages of the Engage study: questionnaire
development, participant recruitment, study visits, data
analysis, results publication and dissemination, as well as
knowledge transfer and exchange.

Table 1 Incidence rates of STls by city and period in the Engage Cohort Study (2017-2023)
Syphilis (first infection or  Sum of all
C. trachomatis (CT) N. gonorrhoeae (NG) reinfection) STl events
Rate* (per Rate* (per Rate* (per Rate* (per
100 PY) 95% ClI 100 PY) 95% CI 100 PY) 95% CI 100 PY) 95% CI
Montreal, by period
02/2017 — 02/2020 14.4 12.4t016.7 171 14.9t0 19.6 2.8 21t03.7 34.3 30.4 to 38.7
03/2020 - 08/2021 9.2 74t011.3 9.9 8.0t0 12.3 1.9 1.3t02.9 21.0 17.6 to 25.1
09/2021 - 02/2023 10.3 8.1t0 13.1 13.5 11.0t0 16.7 1.7 1.1t02.8 25.6 21.1to 31.1
Montreal, all periods
02/2017 - 02/2023 12.0 10.4t0 13.7 14.2 12.5t0 16.0 23 1.8t02.8 28.4 25.3t031.9
Toronto, by period
02/2017 — 02/2020 22.3 18.2t027.3 18.1 14.3t022.8 7.8 5.6 t0 10.8 48.1 40.7 to 56.9
03/2020 - 08/2021 11.1 8.0t0 15.3 7.4 4.9to 11.1 2.9 1.7 t0 5.0 21.4 16.0 to 28.6
09/2021 - 02/2023 14.4 10.7t0 19.4 11.6 8.6 to 15.7 3.8 2.3t06.3 29.8 23.8t037.4
Toronto, all periods
02/2017 — 02/2023 15.7 13.2t018.7 12.2 9.9to 14.9 4.5 3.6t05.8 32.4 27.8t0 37.7
Vancouver, by period
02/2017 — 02/2020 23.5 19.8 t0 27.9 22,5 19.0 to 26.7 3.5 2.3t05.2 49.5 43.1 to 56.9
03/2020 - 08/2021 9.0 6.7to 12.0 8.0 5.8to 11.1 3.5 2.3to5.5 20.5 16.3t025.9
09/2021 - 02/2023 12.8 9.4t017.3 12.7 9.6 t0 16.8 2.6 1.5t04.7 28.1 22.0t0 35.8
Vancouver, all periods
02/2017 - 02/2023 15.6 13.5t0 18.1 14.8 12.8t017.2 3.2 2.5t04.1 33.6 29.6 to 38.1

*Weighted with RDS weights and IPC weights to account for recruitment and loss-to-follow-up.
IPC, inverse probability of censoring; PY, person-years; RDS, respondent-driven sampling.
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Table 2 Risk factors independently associated with the rate of all STls (sum of all events) in the Engage Cohort Study (2017-

2023)
aRR* 95%ClI

Number of male sex partnerst P6M
<1 Ref
2to4 2.0 1.6t02.6
5t09 2.8 2.2t03.7
>10 3.8 3.0t0 4.9
Number of prior STl events (in the 12 months preceding the outcome assessment)
0 Ref
1 1.7 1.5t02.0
>2 25 22t02.9
Living with HIV infection HIV-PrEP use P6M
No No Ref

Yes 1.7 1.5t02.0
Yes 1.8 1.5t02.1
Condomless anal sex P6M
No Ref
Yes 1.5 1.2t01.9
Any use of a chemsex-related substance P6M
No Ref
Yes 1.2 1.1t01.4
Attendance at a group sex event P6M
No Ref
Yes 1.2 1.1t0 1.3
Injection drug use P6M
No Ref
Yes 1.2 1.0to 1.5
Sexual compulsivity score P6M
< 2.4 (at lower risk of sexual compulsivity) Ref
> 2.4 (at higher risk of sexual compulsivity) 1.1 1.0t01.3
Daily use of an internet-based application to connect with men P6M
No Ref
Yes 1.1 1.0t0 1.3

*aRR were estimated by generalised estimating equation Poisson regression with robust standard errors and PY as an offset. The model was weighted to account
for respondent-driven sampling recruitment and loss to follow-up and adjusted for the following potential confounders: age, education level, sexual orientation,
financial strain, annual income, city, arrival in Canada <5 years ago and COVID-19 pandemic period.

TNumber based on the question: during the past 6 months, with how many guys have you had any kind of sex (anal, oral, mutual masturbation, rimming, frontal/

vaginal, etc.)?

1Substances commonly related to chemsex that are considered here: crystal methamphetamine, mephedrone, GHB and ketamine.
aRR, adjusted rate ratio; GHB, gamma-hydroxybutyrate; P6M, in the past 6 months; P12M, in the past 12 months.

RESULTS

Opverall, 11 569 visits were recorded (2449 at baseline and
9120 during follow-up). The median time between two
consecutive visits was 7.5 (IQR 6.1-12.1) months.

Participant characteristics at baseline

Among participants recruited at baseline, 37% were <29
years old, 53% identified as French or English Canadian,
15% had immigrated to Canada in the last 5 years, 49%
completed a university-level education, 82% identified as
gay, 1.2% identified as trans men and 55% were single
without a current main partner. Lifetime and P12M
self-reported prevalence of an STI were 55% and 26%,

respectively. Laboratory-confirmed HIV infection was
detected among 18% of participants (online supple-
mental file 3).

Incidence rates of sexually transmitted infections

During the total time of observation, 1998 participants
had 21 follow-up visit, corresponding to 7551 PY (mean,
3.8 PY; median, 4.2 PY). The total number of STI events
detected or self-reported at follow-up was 2317. For CT,
332 infections were detected, and 705 were self-reported;
for NG, 308 infections were detected, and 749 were self-
reported; and for syphilis, 223 infections were ascer-
tained. Overall, 8.4% and 40.9% of detected CT and NG

4
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Table 3 Estimated impact of doxy-PEP on C. trachomatis, N. gonorrhoea and syphilis (first/reinfection) diagnoses and
numbers needed to treat in the Engage Cohort Study (2017-2023)

C. trachomatis Syphilis (new/
doxy-PEP use cn N. gonorrhoeae (NG) reinfection) All STIs
(% of total Infections NNT for 1 Infections NNT for 1 Infections NNT for 1 Infections NNT for 1
PY) averted (%)  year averted (%) year averted (%) year averted (%) year
No criterion
All participants are ~ 100.0 81.3 9.0 55Y5) 12.9 80.7 41.9 69.5 4.7
assumed to have
used doxy-PEP
for the entire study
period
One criterion
Condomless anal 68.6 72.7 6.9 48.9 10.0 71.3 32.6 61.7 3.6
sex* P6M
>5male sex 48.5 62.7 5.6 42.6 8.1 61.9 26.5 53.4 3.0
partnerst P6M
>10male sex 30.7 47.3 4.7 32.8 6.7 51.6 20.2 411 2.4
partnerst P6M
>1STI P12M 22,5 43.1 3.9 29.8 5.4 36.7 23.6 36.4 2.1
Daily use of an 33.4 42.3 5.7 27.2 8.8 40.8 27.7 35.3 3.1
internet-based
application to
connect with men
P6M
HIV-PrEP use P6M  22.6 36.9 4.4 21.9 7.3 29.6 25.8 29.4 2.5
Any use of a 22.0 29.9 5.4 23.2 6.7 37.3 20.0 27.5 2.6
chemsex-related
substancet P6M
Attendance at a 19.5 32.8 4.3 20.7 6.7 33.0 20.1 27.3 2.3
group sex event P6M
>1NG infection 13.6 26.7 3.7 21.7 4.5 23.3 19.8 241 1.8
P12M
>1CT infection P12M 13.0 29.8 3.2 18.0 5.2 24.7 17.8 23.9 1.8
Living with HIV 18.7 171 8.0 14.2 9.4 30.5 20.7 17.0 3.6
infection (at the
study visit)
>2STls P12M 8.1 22.0 2.7 15.1 3.8 20.9 15.0 18.7 1.4
>2 STls other than 6.8 19.3 2.5 13.0 3.7 15.2 15.0 16.0 1.4
syphilis P12M
Injection drug use 4.3 585) 5.7 4.7 6.5 9.9 14.8 5.6 2.5
P6M
>1 syphilis (first 3.0 4.8 4.6 3.2 6.7 3.6 28.6 4.0 2.5
infection or
reinfection P12M)
Two criteria
>1STI P12M 59.4 71.6 5.6 491 8.1 69.2 27.3 61.1 3.0

or>5male sex
partners P6M

>1STI P12M or 46.1 65.4 4.8 441 6.8 64.3 225 55.5 2.5
>10male sex
partners P6M

>1S8TI P12M or HIV-  41.7 64.4 4.6 42.0 6.8 57.1 25.3 53.4 2.5
PrEP use P6M
>1STIP12Morany 41.3 57.4 5.0 40.8 6.7 59.9 23.1 49.9 2.6

use of a chemsex-
related substance
P6M

HIV-PrEP use P6M  41.2 54.0 5.6 36.1 8.1 59.6 23.4 46.4 2.9
or living with HIV (at
the study visit)

Continued
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Table 3 Continued

C. trachomatis

Syphilis (new/

cn N. gonorrhoeae (NG) reinfection) All STIs
doxy-PEP use
(% of total Infections NNT for 1 Infections NNT for 1 Infections NNT for 1 Infections NNT for 1
PY) averted (%) year averted (%) year averted (%) year averted (%) year
>1STI P12M or living 40.3 51.1 5.7 36.7 7.7 59.2 22.5 45.3 2.9
with HIV (at the study
visit)
Three criteria
>1STI P12M or HIV- 54.8 71.3 5.2 47.7 7.5 68.0 251 60.1 2.7
PrEP use P6M
or >10male sex
partners P6M
>1STI P12M or HIV- 57.3 69.9 5.7 47.3 8.2 72.7 241 59.9 2.9
PrEP use P6M or
living with HIV
>1STI P12M and: 12.3 29.4 3.2 19.9 4.6 24.4 21.0 24.6 1.8

HIV-PrEP use P6M
or living with HIV

*Not selected as potential doxy-PEP eligibility criteria (along with sexual compulsivity, table 2) due to being less practical for implementation.
TNumber based on the question: during the past 6 months, with how many guys have you had any kind of sex (anal, oral, mutual masturbation, rimming, frontal/

vaginal, etc.)?

FSubstances commonly related to chemsex which are considered here: crystal methamphetamine, mephedrone, GHB and ketamine.
doxy-PEP, doxycycline post-exposure prophylaxis; GHB, gamma-hydroxybutyrate; HIV-PrEP, HIV pre-exposure prophylaxis; NNT, number needed to treat; P6M, in
the past 6months; P12M, in the past 12 months; STI, sexually transmitted infection (chlamydia, gonorrhoea and/or syphilis).

infections, respectively, were detected at the pharynx
only. Between 2017 and 2023, CT infection incidence
ranged from 12.0 to 15.71100 PY by city, and NG infec-
tion incidence was comparable at 11.6-14.81100 PY by
city. Syphilis incidence was the lowest, ranging from 2.3
to 4.5 infections per 100 PY by city (table 1). Compared
with Montreal, the overall STI rate was similar in Toronto
(RR=1.1; 95%CI 0.9 to 1.4)and higher in Vancouver
(RR=1.2; 95% CI 1.0 to 1.4). Pooled across cities, the
overall STI rate was 29.51100 PY (27.3-31.9). Compared
with the pre-pandemic period, it was lower during the
pandemic (RR=0.5; 95% CI 0.4 to 0.6) and restriction
easing (RR=0.7; 95% CI 0.6 to 0.8) periods. However, the
overall STI rate was higher during the restriction easing
period compared to the pandemic period (RR=1.3; 95%
Cl1.1to1.7).

Factors associated with sexually transmitted infections

Univariable regression analyses (online supplemental file
4) showed that most risk factors for CT, NG and syphilis
were shared and yielded similar RR. For example, the RRs
for HIV-pre-exposure prophylaxis (PrEP) users were 4.3
(95% CI13.6t05.2),3.7 (95% CI 3.1to 4.4) and 4.1 (95% CI
2.8 t0 6.0) for CT, NG and syphilis, respectively. However,
the following factors showed a higher RR for syphilis than
for CT or NG: living with HIV infection, use of crystal
methamphetamine, wuse of gamma-hydroxybutyrate
(GHB), having sex with a partner living with HIV infec-
tion, providing or receiving transactional sex and injec-
tion drug use. The following factors were associated with
all STI events in univariable regression analyses, but were
not retained in the multivariable regression model: not
having a main partner, sextoy sharing, giving or receiving
rimming, transactional sex, attendance at a bathhouse/

sex club, alcohol use disorder, hazardous cannabis use,
cocaine/crack use, harassment-discrimination score >2,
childhood sexual abuse, lifetime sexual coercion and
arrival in Canada <5 years ago from a country other than
the USA or Western Europe.

Multivariable regression analysis showed that the rate of
all STTIs was most strongly associated with having multiple
male sex partners in the P6M and a history of =1 STI in
the P12M (aRR=2.0, 95% CI 1.8 to 2.2). The regression
model was adjusted for several potential confounders,
including age, education level, sexual orientation, finan-
cial strain, annual income, city, recent arrival in Canada
(<5 years) and the COVID-19 pandemic period. Other
statistically significant factors included living with HIV
and the following factors P6M: PrEP use, condomless
anal sex, use of a chemsex-related substance, injection
drug use, attendance at group sex events, daily use of an
internet application to connect with men and a sexual
compulsivity score >2.4 (table 2).

Estimated impact of doxycycline post-exposure prophylaxis
on sexually transmitted infections

Table 3 shows, for various potential doxycycline
prescribing criteria, the doxy-PEP use (expressed in %
of total PY during which the participants were assumed
to have been using doxy-PEP), proportion of STI diag-
noses averted among all participants across the three
study periods and NNT for 1 year. Criteria are listed in
descending order of relative reduction in the proportion
of all STI diagnoses averted.

Prescribing doxy-PEP to 100% of GBM (no criterion
applied) would avert: 81% of CT diagnoses (NNT=9.0),
55% of NG diagnoses (NNT=12.9), 81% of syphilis diag-
noses (NNT=41.9) and 69.5% of all three STI diagnoses
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(NNT=4.7). As criteria become more restrictive, the esti-
mated proportions of people prescribed doxy-PEP and
the estimated proportions of STI diagnoses averted are
more limited. Whichever criterion is used, the NNT esti-
mate is much higher for a case of syphilis averted (range,
15 to 33) than for a case of CT or NG averted (range, 3
t09).

The scenario using the criterion ‘history of >1 STIP12M’
would result in 23% of participants’ PY on doxy-PEP use,
36% of all STI diagnoses being averted and an NNT of
2.1. The criteria ‘CT history’ and ‘NG history’ would
have similar effects on the proportions of all STIs averted
(24%), with NNTs of 1.8, which represents a seven-fold
higher impact compared with ‘syphilis history’ (4% of
STIs averted with NNT of 2.5). Reporting multiple male
sex partners P6M is the other major single criterion. Not
surprisingly, ‘reporting>10male sex partners’ (41% of
STIs averted with NNT of 2.4) would avert a slightly lower
proportion of STIs than ‘reporting>5male sex partners’
but would require treating less individuals. ‘Reporting
>10male sex partners’ specifically represented the most
balanced criterion for syphilis prevention (52% of syph-
ilis cases averted with NNT of 20).

Applying any of the following single criteria, ‘HIV-PrEP
use’, ‘use of a chemsex-related substance’ and ‘atten-
dance at a group sex event’ would result in somewhat
similar proportions of all STI diagnoses averted (27%
to 29%), with NNT varying from 2.5 to 2.7. Using these
same criteria specifically for the group of participants not
having a ‘history of 21 STI P12M’ would also lead to a
similar proportion of STI diagnoses averted (25%-28%)
with NNT varying from 2.3 to 2.6. Furthermore, applying
the criterion ‘reporting >10male sex partners P6M’
within the group of persons without STI history would
lead to 38% of STI diagnoses averted with an NNT of 2.5.

Living with HIV infection would lead to half of the
impact of the criterion ‘HIV-PrEP use’ on the proportion
of all STIs averted (17%), with an NNT of 3.6. However,
it would result in a greater impact when considering the
proportion of syphilis diagnoses averted (31%) with an
NNT of 21.

Considering either criterion, ‘history of STI P12M’
or ‘reporting >10male sex partners P6M’ would greatly
increase the proportion of diagnoses averted (56%)
without substantially affecting the NNT (2.5), as would
considering either ‘history of STI P12M’ or ‘HIV-PrEP
use’ (53%, 2.5). Prescribing doxy-PEP to GBM having any
of the following STI risk factors: >1 bacterial STI P12M or
>10male sex partners P6M or HIV-PrEP use P6M would
further increase the proportion of STI diagnoses poten-
tially averted (60%) with minimal increase of the NNT
(2.7).

Perceived seriousness and risk of sexually transmitted
infections

The proportion of participants who perceived an STT as
‘somewhat serious’ or ‘serious’ was similar for NG and
CT (45% vs 44%) but higher for syphilis: 55% (aPR=1.3;

95%CI 1.2 to 1.4). This proportion was significantly
lower among participants reporting any of the potential
doxy-PEP prescribing criteria (table 4). The proportion
of participants who perceived that they were ‘somewhat
likely’ or ‘likely’ to acquire the STI within the next 12
months was similar for NG and CT (18.0% versus 18.0%),
but lower for syphilis at 11.9% (aPR=0.7; 95% CI 0.6 to
0.8). Perceived likelihood of STI acquisition was signifi-
cantly higher among those reporting any of the potential
doxy-PEP prescribing criteria (table 5).

DISCUSSION

Almost one third (30%) of sexually active GBM living
in Canada’s three largest cities is expected to acquire at
least one STI each year. The incidence (2017-2023) rates
of NG and CT were similar, whereas the rate of syphilis
first/reinfection was six times lower. The incidence of
STIs decreased during the COVID-19 pandemic period
compared with that during the pre-pandemic period (a
decrease ranging from 42% to 59% across cities), consis-
tentwith the reduction in sexual partners reported during
the pandemic.”” After the easing of pandemic restric-
tions started, STI incidence trended towards a return to
pre-pandemic levels, also observed in surveillance data
in many high-income countries.'® '” Due to a general
lack of published population-based incidence estimates
accounting for the COVID-19 pandemic, it is challenging
to further contextualise observed trends.

In this study, a past STI diagnosis doubled the risk of a
new STI within the next 12 months (RR=2.0, 95% CI 1.8
to 2.2). Moreover, reporting multiple male sex partners
was the strongest predictor of STI acquisition, with a clear
dose-response effect. Beyond partner count, various
contexts also appear to contribute to STI risk. Group sex
increases opportunities for multiple sexual acts within a
short timeframe and is linked to both reduced condom
use and partners with higher risk behaviours.'® Chemsex,
which overlaps with multiple psychosocial vulnerabili-
ties (including sexual compulsivity), may entrench indi-
viduals in sexual networks with higher STI prevalence
and interfere with protective behaviours.'"" Daily use
of geosocial networking apps is also associated with
increased STT risk, likely due to integration into sexual-
ised subcultures.” HIV-PrEP users were significantly asso-
ciated with higher rates of STI than non-HIV-PrEP users/
individuals not living with HIV infection. This finding
aligns with previous reports of HIV-PrEP users having an
increased incidence of STIs after initiating HIV-PrEP.** In
part, this may reflect more frequent and systematic STI
screening among HIV-PrEP users. In this study, although
HIV-PrEP use has steadily expanded, reaching 32% in
2023, its strong association with STI risk behaviours and
concomitant higher STT incidence has not decreased.

Evidence for doxy-PEP efficacy has been specifically
documented among GBM living with HIV and HIV-PrEP
users, two groups who regularly engage with healthcare
services, facilitating adoption of doxy-PEP. Traeger et al**
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Table 4 Association between potential doxy-PEP prescribing criteria and perceived seriousness of C. trachomatis, N.
gonorrhoeae and syphilis in the Engage Cohort Study (2017-2023)

Proportions of participants who perceived the infection as serious or somewhat serious

C. trachomatis Syphilis (new/

Potential doxy-PEP prescribing  Number of (CT) N. gonorrhoeae (NG) reinfection) Multivariate regression
criteria participants Sample % Sample % Sample % aPR* 95% ClI
All participants 1586 43.5 44.7 55.4
Number of male sex partnerst P6M
< 598 52.0 52.7 58.9 Ref
2to4 524 43.9 44.5 55.3 0.9 0.8t0 1.0
5t09 217 39.6 41.9 5553 0.9 0.8t0 1.0
>10 247 2515 28.3 47.4 0.7 0.6 to 0.9
Number of STIs P12M
0 961 46.2 471 OIS Ref
1 178 30.9 33.7 47.2 0.8 0.7t0 1.0
>2 90 30.0 32.2 52.2 0.8 0.6t0 1.0
Living with HIV  HIV-PrEP use P6M
infection
No No 870 49.3 50.3 59.7 Ref

Yes 394 30.5 32.7 48.0 0.8 0.7 to 0.9
Yes 296 43.9 43.9 53.0 0.8 0.7t0 0.9
Condomless anal sex P6M
No 551 53.0 53.4 58.3 Ref
Yes 1035 38.5 40.1 53.9 0.9 0.8t0 1.0
Age (at study visit), years
>50 408 52.5 52.9 59.6 Ref
30 to 49 853 40.6 41.9 53.1 0.9 0.8to 1.1
<29 325 40.0 41.8 56.3 0.9 0.8to 1.1
Any use of a chemsex-related
substancet P6M
No 1150 47.9 49.0 57.7 Ref
Yes 420 31.2 32.4 49.3 0.8 0.7t0 0.9
Attendance at a group sex event
P6M
No 1382 45.7 46.9 56.7 Ref
Yes 201 28.9 30.3 47.3 0.8 0.7t0 0.9
Injection drug use P6M
No 1530 43.8 45.0 55.7 Ref
Yes 56 35.7 37.5 48.2 0.8 0.5t0 1.1
Daily use of an internet-based
application to connect with men
P6M
No 1151 46.8 47.9 57.5 Ref
Yes 435 34.7 36.3 49.9 0.8 0.7t0 1.0
Education (highest level completed)
Post-secondary level 1171 42.3 43.5 55.8 Ref
Secondary level 415 47.0 48.2 54.5 1.0 09to1.1

*Adjusted Prevalence Ratios (aPR) were estimated by generalised estimating equation Poisson regression of the multivariate perception outcome (CT, NG and
syphilis) on a single doxycycline post-exposure prophylaxis criterion. Models were weighted to account for RDS recruitment and loss to follow-up and adjusted
for potential confounders: age, immigration history, education level, annual income, sexual orientation, HADS anxiety score, HADS depression score and city.
Participants’ responses were dichotomized (eg, serious or somewhat serious vs neutral or somewhat not serious or not serious).

TNumber based on the question: during the past 6 months, with how many guys have you had any kind of sex (anal, oral, mutual masturbation, rimming, frontal/
vaginal, etc.)?

FSubstances commonly related to chemsex which are considered here: crystal methamphetamine, mephedrone, GHB and ketamine.

GHB, gamma-hydroxybutyrate; HADS, Hospital Anxiety and Depression Scale; HIV-PrEP, HIV pre-exposure prophylaxis; P6M, in the past 6 months; P12M, in the
past 12 months; RDS, respondent-driven sampling; STI, sexually transmitted infection (chlamydia, gonorrhoea, and/or syphilis).
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Table 5 Association between potential doxy-PEP prescribing criteria and perceived risk of acquisition of C. trachomatis, N.
gonorrhoeae and syphilis in the Engage Cohort Study (2017-2023)

Proportions of participants who perceived their risk of infection as somewhat likely or likely

Potential doxy-PEP prescribing Number of C. trachomatis (CT) N. gonorrhoeae (NG) Syphilis (new/reinfection) Multivariate regression

criteria participants Sample % Sample % Sample % aPR* 95% ClI
All participants 1586 18 18 11.9
Number of male sex partnerst P6M
<1 598 4.6 4.1 3.6 Ref
2to4 524 13.9 14.7 9.3 315 221058
5t09 217 27.4 26.8 17.9 5.8 351095
>10 247 51.0 50.8 32.5 111 7110174
Number of STlIs P12M
0 961 12.2 12.5 8.9 Ref
1 178 33.7 31.4 18.0 2.5 1.91t0 3.4
>2 90 46.7 45.6 28.9 3.7 2.7t0 5.0
Living with HIV  HIV-PrEP use P6M
infection
No No 870 8.1 8.7 4.9 Ref

Yes 394 36.4 3515 23.4 4.2 3.2t05.5
Yes 296 22.7 22 17.5 3.3 2.3t04.6

Condomless anal sex P6M

No 551 5.4 5.6 3.9 Ref

Yes 1035 24.6 245 16.1 3.8 251056
Age (at study visit), years

>50 408 10.8 10.8 11.0 Ref
30 to 49 853 21.2 21.0 13.5 2.0 14t02.8
<29 325 18.7 19.0 9.0 1.0 1.3t02.8

Any use of a chemsex-related
substancet P6M

No 1150 11.9 121 7.9 Ref

Yes 420 35.0 34.1 22.8 2.8 221034
Attendance at a group sex event

P6M

No 1382 13.6 13.7 9.1 Ref

Yes 201 47.7 47.0 31.2 3.5 2.8t04.3
Injection drug use P6M

No 1530 17.8 17.8 11.5 Ref

Yes 56 241 241 241 1.6 09to2.7

Daily use of an internet-based
application to connect with men

P6M

No 1151 12.7 121 8.5 Ref

Yes 435 32.0 33.6 21.0 2.6 2.1t03.3
Education (highest level completed)

Post-secondary level 1171 19.3 19.3 11.8 Ref

Secondary level 415 14.3 14.3 121 0.8 0.6to 1.1

*Adjusted Prevalence Ratios (aPR) were estimated by generalised estimating equation Poisson regression of the multivariate perception outcome (CT, NG and syphilis) on a single
doxy-PEP criterion. Models were weighted to account for respondent-driven sampling recruitment and loss to follow-up and adjusted for potential confounders: age, immigration
history, education level, annual income, sexual orientation, HADS anxiety score, HADS depression score and city. Participants’ responses were dichotomized (eg, serious or somewhat
serious vs neutral or somewhat not serious or not serious).

TNumber based on the question: during the past 6 months, with how many guys have you had any kind of sex (anal, oral, mutual masturbation, rimming, frontal/vaginal, etc.)?
tSubstances commonly related to chemsex which are considered here: crystal methamphetamine, mephedrone, GHB and ketamine.

doxy-PEP, doxycycline post-exposure prophylaxis; GHB, gamma-hydroxybutyrate; HADS, Hospital Anxiety and Depression Scale; HIV-PrEP, HIV pre-exposure prophylaxis; P6M, in
the past 6 months; P12M, in the past 12 months; STI, sexually transmitted infection (chlamydia, gonorrhoea and/or syphilis).
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examined the impact of doxy-PEP prescribing strategies
and showed that prescribing doxy-PEP based on recent
STI history as the main prescribing criterion, prevents
more infections per person treated than strategies based
only on HIV-PrEP use or HIV status.** Using similar
hypothetical scenarios, we observed the same pattern in
our data. Current guidance®™™ recommends offering
doxy-PEP to GBM with a history of STI P12M. Of note, the
French guidelines specify at least two episodes of bacterial
STI P12M, which appears rather restrictive based on our
findings. The CDC extends the doxy-PEP offer to GBM
and transgender women without documented STT history
who present other high-risk characteristics, though these
are not precisely defined. The Australian consensus state-
ment frames doxy-PEP primarily as a strategy for syphilis
prevention.” Indeed, treating asymptomatic CT infec-
tions in men may be of limited benefit.” It recommends
doxy-PEP for GBM with a recent syphilis diagnosis or at
least two other recent bacterial STIs. In our data, this
recommendation would avert 17.0% of syphilis cases.
The Australian consensus statement also recommends
doxy-PEP for GBM anticipating a period of increased
STI risk, such as attending sex events or engaging with
multiple casual sexual partners while travelling.”” Indeed,
using a behavioural criterion such as reporting =10 male
sex partners P6M (which is one of the specific STT risk
factors proposed in the German/Austrian doxy-PEP
guidelines) appeared to be the most useful criterion
for syphilis prevention in this study. Our results support
considering a limited number of criteria to yield the best
balance between effectiveness in averted infections and
potential harms of unnecessary doxycycline use (box 1).
Specifically, offering doxy-PEP only to individuals with
either a STI diagnosis P12M or those reporting 210 male
sex partners P6M or using HIV-PrEP would avert 60% of
STIs while treating 2.7 GBM for 1 year to avert one STI.
Real-world adherence data for doxy-PEP use are limited.
In this analysis, we simulated scenarios using 100% adher-
ence across STI risk factor criteria. While this approach
was helpful for comparisons, it is likely idealistic. Indeed,
three randomised controlled clinical trials have reported
a global self-reported adherence rate of approximately
80%"’ among men who have sex with men living with HIV
infection or using HIV-PrEP. Furthermore, we found that
GBM who meet the doxy-PEP criteria tend to perceive
themselves at higher risk for STI (which may support
their willingness to use the intervention).”’ However, they
also tend to perceive STIs as less serious, which could
limit real-world adherence (slightly more than half of
them do not see syphilis as a serious condition). There-
fore, prescribing doxy-PEP should be based on informed
discussions about both the benefits and potential harms
of use. In addition, our finding regarding perceived likeli-
hood of having STT among participants without identified
doxy-PEP prescribing criteria could contribute to unnec-
essary antibiotic use among individuals at lower STI risk.
Finally, the estimated impacts of doxy-PEP in this study
do not account for the additional benefits accrued for

BOX1 KEY POINTS

= Doxy-PEP prescribing strategies should balance maximising
population-level reductions in STI incidence while minimising un-
necessary antimicrobial exposure.

= Doxy-PEP is currently recommended to individuals at highest risk
of bacterial STls, particularly for the prevention of syphilis among
GBM. However, the specific ‘high-risk’ factors to consider vary
across guidelines and their prevention potential will depend on local
epidemiology.

= Prescribing doxy-PEP to urban Canadian GBM deemed eligible by
having any of the eight selected empirically identified risk factors* in
this study could avert up to 66% of chlamydia, gonorrhoea or syphi-
lis diagnoses.t However, this would require treating 3.6 persons for
1 year to avert one STI.

= Conversely, a more balanced strategy would be to prescribe doxy-
PEP to a smaller group of GBM, eligible based on having any of the
following three STI risk factors:
= >1 bacterial STl in the past 12 months
= >10 male sex partners in the past 6 months
= HIV-PrEP use in the past 6 months
This approach would avert 60% of chlamydia, gonorrhoea or syph-
ilis diagnosest and require the treatment of 2.7 persons for 1 year
to avert one STI

*>1 bacterial STl in the past 12 months, >10 male sexual partners in the past
6 months, HIV-PrEP use in the past 6 months, living with HIV infection, use of
any chemsex-related substance in the past 6 months, attendance at group
sex events in the past 6 months, daily use of an internet-based application to
connect with men in the past 6 months and injection drug use in the past 6
months.

tBased on the efficacy of doxy-PEP for each bacterial STI: 74% to 88% for
chlamydia, 55% to 57% for gonorrhoea and 77% to 87% for syphilis. Our
scenarios also assume doxycycline adherence of 100%.

doxy-PEP, doxycycline post-exposure prophylaxis; GBM, gay, bisexual, and other
men who have sex with men; HIV-PrEP; HIV-pre-exposure prophylaxis; ST,
sexually transmitted infection (chlamydia, gonorrhoea and syphilis).

GBM through reduced overall STI prevalence among
their sexual partners. Neither do they include the bene-
fits of decreased STI-related specific morbidity among
cisgender women (10% of participants reported sex
with a cisgender woman at least once during the entire
cohort).

Strengths and limitations

Adjustment for recruitment method, loss to follow-up
and within-subject correlation from repeated
measures was applied using RDS-II weights, IPC
weights and GEE regression, respectively, which
helped limit related biases. Another strength of this
study is that it accounts for both CT and NG infec-
tions detected during the study visit and self-reported
diagnoses. Indeed, a large proportion of Engage
Study participants (79%) reported STI testing at least
once outside of the study, meaning that some infec-
tions might not have been captured by the study itself.
This is particularly relevant for CT and NG, which
are not detectable a few weeks after treatment. Since
the question on self-reported diagnoses referred to
a 6-month period, and given that CT and NG tests
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detect nucleic acids for a maximum of 4weeks post-
treatment, the likelihood of double-counting a single
infection was relatively low. In our data, CT was both
detected and self-reported during the same study visit
only 75 times (7.6%); a similar result was observed for
NG. In addition, we conducted a sensitivity analysis of
the multivariable regression model of all STI events
using only laboratory-detected events, finding similar
estimates for risk factors in the main analysis.

There are also limitations. First, because informa-
tion on the number of condomless sexual acts was not
collected, it was not possible to estimate the number
of doxy-PEP doses needed to avert an infection.
Second, the number of infections averted and there-
fore the NNTs are contingent on the STI rates and
levels of doxycycline-resistant NG in a given commu-
nity, perhaps limiting generalisability of these find-
ings. Third, current guidance recommends doxy-PEP
for transmen who have sex with men.”® In our data,
the small group size of transmen (1.2% of baseline
sample) and a negligible number of STI events and
limited follow-up precluded subgroup-specific esti-
mates of STI incidence and doxy-PEP impact. There-
fore, the inclusion of transmen is not expected to have
meaningfully affected our findings. Finally, participa-
tion in the cohort may have influenced prevention
behaviours leading to an underestimation of the true
STI incidence in the community.

CONCLUSION

Population-based data are essential to appreciate
the true burden of chlamydia, gonorrhoea and syph-
ilis among GBM. Prevention interventions must
address a broad range of STI risk factors. Our find-
ings contribute to efforts to understand the impact
of various doxy-PEP prescribing criteria, highlighting
the benefit of focusing on the following three criteria:
bacterial STI history, numerous sexual partners or
HIV-PrEP use. Future research may consider evalu-
ating the implementation of doxy-PEP across various
clinical indications, including an understanding of
population-level impacts on STI occurrence and anti-
microbial resistance.
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