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Abstract

Objectives: Our objective was to obtain long-term data on the incidence of

sexually transmitted infections (STIs) and their association with behavioural

factors after widespread pre-exposure prophylaxis (PrEP) implementation.

Methods: This was a time-to-event analysis of a national PrEP cohort in

Switzerland (SwissPrEPared study). Participants were people without HIV

interested in taking PrEP with at least two STI screening visits. Primary out-

comes were incidence rate of gonorrhoea, chlamydia, and syphilis. The associa-

tion between behavioural factors and STI diagnosis was expressed using

hazard ratios. We adjusted for testing frequency and calendar year.

Results: This analysis included 3907 participants enrolled between April 2019

and April 2022, yielding 3815.7 person-years of follow-up for gonorrhoea

(15 134 screenings), 3802.5 for chlamydia (15 141 screenings), and 3858.6 for

syphilis (15 001 screenings). The median age was 39 years (interquartile range

[IQR] 32–47), 93.8% (n = 3664) identified as men who have sex with men

(MSM). The incidence was 22.8 (95% confidence interval [CI] 21.3–24.4) per
100 person-years for gonorrhoea, 26.3 (95% CI 24.7–28.0) for chlamydia, and

4.4 (95% CI 3.8–5.1) for syphilis. Yearly incidence rates decreased between

2019 (all bacterial STIs: 81.6; 95% CI 59.1–109.9) and 2022 (all bacterial STIs:

49.8; 95% CI 44.6–55.3). Participants reporting chemsex substance use were at

higher risk of incident STIs, as were those reporting multiple sexual partners.

Younger age was associated with a higher risk of gonorrhoea and chlamydia.

Conclusions: Incidence rates of bacterial STIs decreased over time. Young

MSM, those with multiple partners, and those using chemsex substances were

at increased risk of STIs.
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INTRODUCTION

Pre-exposure prophylaxis (PrEP) has become a central
element of HIV prevention since the first trials showed
high efficacy in men who have sex with men (MSM)
[1–3]. As of 2020, 180 countries have adopted the World
Health Organization (WHO) recommendations on PrEP,
with a global projected number of PrEP users of nearly
3 million by the end of 2023 [4]. In Switzerland, a large
part of PrEP implementation is achieved through the
SwissPrEPared programme, a national prevention

programme launched in April 2019 [5], which provides
PrEP counselling and regular medical assessments.

With the rapid development of PrEP programmes and
wide uptake of PrEP in communities at considerable risk
of HIV, several studies have reported a decline in inci-
dent HIV infections at a population level [6–12]. How-
ever, concern remains that PrEP may contribute to the
current resurgence of other sexually transmitted infec-
tions (STIs), such as gonorrhoea, chlamydia, and syphilis
[13–15], although this increase in STIs pre-dated the
introduction of PrEP [16]. Among other factors, PrEP use

2 HOVAGUIMIAN ET AL.

 14681293, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/hiv.13543 by B

cu L
ausanne, W

iley O
nline L

ibrary on [02/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

mailto:frederique.lachmann@uzh.ch


has been associated with changes in sexual behaviour,
such as a decrease in condom use [17–20], but these find-
ings have been inconsistent [21, 22]. In addition, there is
considerable uncertainty as to how STI incidence rates
evolve in the specific context of PrEP programmes, since
frequent testing of people at considerable risk of infection
may improve STI control (‘test and treat’ strategy) and
reduce the overall incidence of STIs [15, 23–25]. There-
fore, the objectives of this study were to determine the
incidence of gonorrhoea, chlamydia, and syphilis in the
ongoing SwissPrEPared cohort over a 3-year period and
to evaluate the association between STI diagnosis and
behavioural factors such as condom use, number of part-
ners, and substance use in a sexual context.

MATERIALS AND METHODS

Patient consent statement

We followed the “Strengthening the Reporting of Observa-
tional Studies in Epidemiology” (STROBE) statement for
the reporting of observational studies [26]. The SwissPrE-
Pared study was approved by all local ethical committees
(lead committee: Zurich, Switzerland—registration number:
2018–02015) and was registered with ClinicalTrials.gov
(NCT03893188). Written informed consent was obtained
from all participants.

Study design and setting

Data were extracted from the ongoing SwissPrEPared
study, which is a national, multicentre cohort following
individuals interested in taking PrEP to prevent HIV
infection. The study design and cohort profile have been
described elsewhere [5]. In brief, recruiting centres are
located in 12 of 26 federal states (i.e., cantons) of
Switzerland, which include tertiary and cantonal hospi-
tals, community-based, voluntary counselling and testing
services (“Checkpoints”), and private medical practices
(e.g., general practitioners, infectious diseases specialists
or dermatologists).

All participating centres are part of the SwissPrE-
Pared programme, which ensures standardization of
PrEP counselling across Switzerland. Programme partici-
pants complete standardized, smartphone-compatible
questionnaires accessed through a secured, web-based,
online platform before their scheduled visit. Visits consist
of PrEP counselling and a medical assessment (including
STI screening); these occur at regular intervals, i.e., every
3 months for participants on daily PrEP and at least every
6 months for those taking PrEP intermittently (i.e., either

daily for limited periods of time [“holiday PrEP”] or
before and after sex [“event-driven” PrEP]) [3].

Study participants

Potential study participants considered at considerable
risk of HIV are informed about the possibility of study
enrolment in print and online magazines and through
outreach workers at specific events for MSM and trans
people. The SwissPrEPared cohort includes people with-
out HIV presenting for PrEP counselling at participating
centres. Although the cohort mostly includes individuals
on PrEP, those with no current recommendation for
PrEP or those declining further PrEP use are not actively
excluded, provided they plan to attend at least one
follow-up visit (e.g. for STI screening or revaluation of
PrEP need). For this analysis, only participants with at
least two visits for STI testing were included.

Study outcomes

The primary outcome was the incidence of STIs, i.e., a
new diagnosis of gonorrhoea, chlamydia, or syphilis (see
Data S1 Methods 1 for a description of the laboratory
tests). For syphilis, we considered primary, secondary,
tertiary (defined as “active”), and latent infections. We
also determined STI prevalence at study start. Screening
was performed at each follow-up visit, irrespective of the
presence or absence of symptoms.

We explored the association of STI diagnosis with the
following behavioural factors: smoking (binary variable),
number of partners (steady and casual, since last visit,
categorized into 0–2, 3–10, >10), frequency of condom
use with casual partners (categories: never, sometimes,
mostly, always), and chemsex substance use (defined as
the use of methamphetamine, mephedrone or gamma
hydroxybutyrate [GHB]/gamma-butyrolactone [GBL] in
a sexual context). The recall period for behavioural vari-
ables was 3 months unless otherwise specified.

Statistical methods

This analysis included data collected over a period of 3
years, starting from study inception. We expected fewer data
points for 2019, as cohort constitution occurred across sev-
eral regions of Switzerland in a step-wise fashion. For 2022,
the analysis included only data collected until April 9, as
the period of observation for this study was set to 3 years.

For each participant with at least two STI screenings,
we calculated the time during which individuals were at
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risk of infection, which was defined as the time interval
between study visits. In the case of a positive STI screen-
ing, we excluded 14 days after diagnosis from the time at
risk, because we considered participants with a diagnosed
and treated STI unlikely to be reinfected within 14 days.
Incidence rates were calculated using the total number of
infection diagnoses (events) in relation to the total num-
ber of person-years at risk. Estimates are expressed as
events per 100 person-years with their corresponding 95%
confidence intervals (CI).

To evaluate the association between STI diagnosis
and behavioural factors, we used univariate and multi-
variable Cox proportional hazards models and calculated
hazard ratios (HRs) with their corresponding 95% CI. To
account for recurring infective events and time-varying
covariates, we used the model proposed by Anderson
and Gill [27, 28]. Right censoring occurred at last
follow-up visit. The analysis exploring the association of
condom use with casual partners and STI diagnosis was
based on a subset of participants reporting sex with
casual partners (in the previous 3 months). All multivar-
iable models were adjusted for behavioural factors, the
effect of time (i.e., calendar year as a categorical vari-
able) and testing frequency, which was defined—for
each participant—as the total number of tests divided
by the individual's time at risk (as described else-
where) [14]. Multivariable models included only visits
with complete covariate data.

We also planned to explore the association of PrEP
use and STI diagnosis. To that end, no Cox proportional
hazards model was used, because the size of the control
group (i.e., participants not taking PrEP due to refusal or
lack of potential risk for HIV) was expected to be very
small and prone to selection bias (given the nature of the
cohort). Instead, we used univariable and multivariable
logistic regressions with data from two different time
points only, i.e., baseline and last follow-up visit. All mul-
tivariable logistic regressions were adjusted for beha-
vioural factors, calendar year, and testing frequency.

Categorical variables were expressed as propor-
tions, continuous variables as mean and standard devi-
ation (SD) or median and interquartile range (IQR) (for
non-normal distribution). Two-sided tests were per-
formed, and a level of significance of 0.05 was used.
All statistical analyses were conducted in R (version
4.1.3) [29].

RESULTS

Participants characteristics

Between 10 April 2019 and 9 April 2022, 4134 individ-
uals were assessed for study eligibility (Figure 1). Of
the 4078 participants enrolled into the SwissPrEPared
cohort study, 171 withdrew before their first medical

FIGURE 1 Study flow diagram. PrEP, pre-exposure prophylaxis.

4 HOVAGUIMIAN ET AL.
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assessment. Of the remaining 3907 participants, 2978
had at least two screening visits for gonorrhoea, 2979
had visits for chlamydia, and 2988 had visits for

TABLE 1 Participant characteristics at study start.

Characteristics
Overall
(n = 3907)

Age, median [IQR] 39 [32–47]

Gender, n (%)

Male 3801 (97.3)

Cisa male 3787 (99.6)

Transb male 13 (0.3)

No answer 1 (0.1)

Female 57 (1.5)

Cisa female 15 (26.3)

Transb female 39 (68.4)

Intersex-born female 3 (5.3)

Non-binary 41 (1.0)

Assigned male at birth 40 (97.6)

Assigned female at birth 1 (2.4)

None of the categories above 8 (0.2)

Sexual orientation, n (%)

Homosexual 3399 (87.0)

Bisexual 334 (8.5)

Heterosexual 57 (1.5)

Not defined 117 (3.0)

Transmission group, n (%)

MSM 3664 (93.8)

Cisa MSM 3652 (99.7)

Transb MSM 12 (0.3)

Heterosexuals 56 (1.4)

Cisa 49 (87.5)

Transb 7 (12.5)

Others 187 (4.8)

Highest education, n (%)

University 1867 (47.8)

Higher education (not university) 797 (20.4)

High school/Baccalaureate 298 (7.6)

Apprenticeship 679 (17.4)

No or compulsory school only 134 (3.4)

Others 94 (2.4)

Missing data 38 (1.0)

Country of origin, n (%)

Switzerland 2178 (55.7)

Germany 315 (8.1)

France 204 (5.2)

Brazil 132 (3.4)

Italy 102 (2.6)

(Continues)

TABLE 1 (Continued)

Characteristics
Overall
(n = 3907)

Others (each <102 participants) 976 (25.0)

European countries 410 (42.0)

Non-European countries 566 (58.0)

Financial situation, n (%)

Very comfortable 640 (16.4)

Comfortable 1891 (48.4)

Neither comfortable nor difficult 948 (24.3)

Difficult 286 (7.3)

Very difficult 141 (3.6)

Missing data 1 (0.0)

Number of sexual partners (since last visit), n (%)

0 to 2 1542 (39.5)

3 to 10 1778 (45.5)

More than 10 586 (15.0)

Sex with casual partners, n (%) 3227 (82.6)

Condom use with casual partners, n (%) n = 3227

Never 668 (20.7%)

Sometimes 997 (30.9%)

Mostly 819 (25.4%)

Always 743 (23.0%)

Current smoker, n (%) 1164 (29.8)

Chemsex substances use, n (%) 414 (10.6)

Already taking PrEP at study start, n (%) 1742 (44.6)

Ever took PrEP, n (%) 1763 (45.1)

Ever took HIV post-exposure prophylaxis, n (%) 998 (25.5)

Previous lifetime STI diagnosis, self-reported, n
(%)

2554 (65.4)

Gonorrhoeac 1690 (35.0)

Chlamydiac 1500 (31.1)

Syphilisc 928 (19.2)

Othersc 706 (14.6)

Note: Recall period for behavioural variables was 3 months, unless otherwise
specified.

Abbreviations: IQR, interquartile range; MSM, men who have sex with men;
PrEP, pre-exposure prophylaxis; STI, sexually transmitted infection.
aCis refers to individuals for whom sex assigned at birth matches gender
identity.
bTrans refers to a discrepancy between sex assigned at birth and the reported

gender identity.
cNumbers do not add since participants may report several previous STIs.
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syphilis. The final analysis included 15 134 screening
visits for gonorrhoea, 15 141 for chlamydia, and 15 001
for syphilis.

At study start, included participants were aged
18 to 78 years (median 39, IQR 32–47), and most iden-
tified as MSM (n = 3664 [93.8%]) (Table 1). The major-
ity were born in Switzerland (n = 2178 [55.7%]), had
completed a university degree (n = 1867 [47.8%]), and
reported having a comfortable financial situation
(n = 1891 [48.4%]). At study start, 44.6% (n = 1742)
reported current PrEP use. Most participants reported
3 to 10 partners (n = 1778 [45.5%]) since their last visit.
Sex with casual partners was observed in 3227 partici-
pants (82.6%), during which 668 (20.7%) never used
condoms. Chemsex substance use was found in 414 par-
ticipants (10.6%).

Primary outcome

The prevalence of STIs at study start was 6.6%
for gonorrhoea, 6.6% for chlamydia, and 2.0% for
syphilis (Table 2). Total follow-up time was 3815.7
person-years for gonorrhoea, 3802.5 person-years for
chlamydia, and 3858.6 person-years for syphilis. The
median time between testing visits was 91 days (IQR
37–113) for gonorrhoea, 90 days (IQR 38–112) for
chlamydia, and 91 days (IQR 41–116) for syphilis.
The incidence of STI is outlined in Table 2 (22.8 per
100 person-years for gonorrhoea, 26.3 for chlamydia,
and 4.4 for syphilis). The overall STI incidence was
52.8 per 100 person-years. Yearly incidence rates
for gonorrhoea, chlamydia, and syphilis decreased
over time.

TABLE 2 Prevalence and incidence of sexually transmitted infections in the SwissPrEPared cohort.

Prevalence at study start Number of infections Number of participants Prevalence (95% CI)

Gonorrhoea 256 3907 participants 6.6 (5.8–7.4)

Chlamydia 256 3907 participants 6.6 (5.8–7.4)

Syphilis (active/latent cases) 78 3841 participants 2.0 (1.6–2.5)

Incidence rate Number of infections
Total follow-up time
(in person-years)

Incidence per 100
person-years (95% CI)

Gonorrhoea 867 3815.7 22.8 (21.3–24.4)

2019 19 52.6 36.1 (21.8–56.4)

2020 221 932.3 23.7 (20.7–27.0)

2021 480 2146.6 22.4 (20.4–24.5)

2022 147 675.0 21.8 (18.4–25.6)

Chlamydia 1001 3802.5 26.3 (24.7–28.0)

2019 21 52.7 39.9 (24.7–61.0)

2020 260 933.0 27.9 (24.6–31.5)

2021 553 2143.6 25.8 (23.7–28.0)

2022 167 673.3 24.8 (21.2–28.9)

Syphilis (active/latent cases) 170 3858.6 4.4 (3.8–5.1)

2019 3 52.4 5.7 (1.2–16.7)

2020 41 949.0 4.3 (3.1–5.9)

2021 95 2163.8 4.4 (3.6–5.4)

2022 31 693.5 4.5 (3.0–6.4)

Any of the STIs outlined above 2038 3858.6a 52.8 (50.6–55.2)

2019 43 52.7 81.6 (59.1–109.9)

2020 522 949.0 55.0 (50.4–59.9)

2021 1128 2163.8 52.1 (49.1–55.3)

2022 345 693.5 49.8 (44.6–55.3)

Abbreviations: CI, confidence interval; STI, sexually transmitted infection.
aThe longest available period of time was used to calculate the incidence of all STIs.
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Additional analyses

In the analysis evaluating the association of STI diag-
nosis with behavioural factors, participants with com-
plete covariate data contributed to 11 913 screening
visits for gonorrhoea (845 infections), 11 916 for chla-
mydia (978 infections), and 11 776 for syphilis
(169 infections). In the univariate analysis of

gonorrhoea and chlamydia, all covariates were inde-
pendently associated with STI diagnosis, except for cal-
endar years 2020 and 2021 and for smoking (for
chlamydia) (Figure 2; Table 3). For syphilis, there was
a significant association for chemsex substance use and
the number of partners. In the multivariable analysis,
factors that were associated with a higher risk of
gonorrhoea and chlamydia diagnosis were calendar

FIGURE 2 Unadjusted versus adjusted hazard ratios for the association of sexually transmitted infections with behavioural factors.

TABLE 3 Unadjusted versus adjusted hazard ratios for the association of sexually transmitted infections with behavioural factors and

other covariates.

Factor

Gonorrhoea Chlamydia Syphilis (active + latent)

Univariate
analysis

Multivariable
analysis

Univariate
analysis

Multivariable
analysis

Univariate
analysis

Multivariable
analysis

HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Agea 0.73 0.68–0.79 0.73 0.68–0.79 0.85 0.79–0.92 0.86 0.80–0.92 1.03 0.89–1.20 1.05 0.90–1.22

Smoking 1.25 1.07–1.47 1.12 0.97–1.30 1.11 0.96–1.30 1.04 0.90–1.21 1.05 0.75–1.47 1.04 0.76–1.44

Chemsex substance use 2.36 2.00–2.79 1.78 1.52–2.10 1.71 1.44–2.04 1.33 1.11–1.58 2.14 1.49–3.07 1.89 1.31–2.72

Partner number 3 to 10 1.97 1.54–2.52 1.75 1.37–2.24 2.48 1.92–3.21 2.22 1.71–2.88 2.23 1.28–3.89 2.01 1.15–3.52

Partner number >10 3.77 2.91–4.88 2.77 2.13–3.60 3.98 3.03–5.23 3.11 2.36–4.09 3.28 1.82–5.93 2.56 1.40–4.69

Calendar year 2019 1.92 1.15–3.19 1.79 1.12–2.88 1.91 1.17–3.13 1.79 1.09–2.96 1.74 0.39–7.86 1.42 0.31–6.57

Calendar year 2020 1.07 0.87–1.33 0.99 0.79–1.25 1.12 0.92–1.37 1.05 0.85–1.29 1.04 0.65–1.67 0.86 0.53–1.41

Calendar year 2021 1.03 0.86–1.24 0.97 0.80–1.17 1.05 0.88–1.25 1.01 0.84–1.21 1.03 0.68–1.54 0.90 0.59–1.36

Testing frequencyb 2.02 1.88–2.16 1.94 1.80–2.08 1.98 1.86–2.12 1.91 1.79–2.04 1.74 1.49–2.04 1.73 1.47–2.02

Abbreviations: CI, confidence interval; HR, hazard ratio.
aIn 10-year categories.
bStratified by quartiles. For partner number, the reference category was 0 to 2 partners. For calendar year, the reference category was 2022.
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year 2019, chemsex substance use, and the number of
partners. For the latter, there was an incremental increase
in risk according to the category of interest. The HRs
decreased with age. A large drop between 2019 and 2020,
followed by a smaller decrease over time, was observed
with calendar year. For syphilis, significant associations
were found with chemsex substance use and the number
of partners.

In the analysis exploring the association of STIs with
condom use for casual sex, participants with complete
covariate data contributed to 10 530 screening visits for
gonorrhoea (794 infections), 10 533 visits for chlamydia
(925 infections), and 10 290 visits for syphilis (161 infec-
tions). In the multivariable analysis, all effect estimates
were >1.0, indicating a higher risk of STI diagnosis when
condoms were not systematically used (Table S1). How-
ever, significant associations were found only for the last
two frequency categories (i.e., “sometimes” and “never”)
in the gonorrhoea and chlamydia analyses. Additionally,
there was no incremental risk increase across condom
use categories (i.e., HR “mostly” < HR “someti-
mes” < HR “never”). To further explore this, each model
was stratified by the number of partners categories. How-
ever, these analyses yielded inconsistent results, since
sample sizes within strata were small and/or the event
rate was particularly low (Table S2). Finally, we investi-
gated the association of PrEP use with STI diagnosis at
two different time points. In the adjusted model for base-
line, participants taking PrEP were more likely to be
diagnosed with gonorrhoea or chlamydia but not syphilis
(Table S3). At last visit, participants not taking PrEP con-
tributed to a very small number of visits; there was no
association of PrEP use with STI diagnosis, except for
chlamydia.

DISCUSSION

In this longitudinal analysis including data from nearly
3000 participants, the incidence rate for gonorrhoea,
chlamydia, or syphilis was 52.8 per 100 person-years.
There was a trend towards lower incidences of STIs over
time, which was confirmed in a time-to-event analysis
adjusting for multiple risk factors. Among participants
reporting chemsex substances use and multiple sexual
partners, the risk of being diagnosed with gonorrhoea,
chlamydia, or syphilis was markedly increased. Similar
findings were observed in younger participants, who
were at higher risk of gonorrhoea or chlamydia. In con-
trast, the association of condom use frequencies with STI
diagnosis was inconsistent.

The STI incidence rates found in this study were
lower than in other PrEP cohorts [15, 24, 30–33] but

exceeded those observed previously among MSM
between 2016 and 2017 in Switzerland [34]. A first reason
for the lower incidence could be less frequent STI testing.
However, in our study, screening was performed on aver-
age every 3 months, and this time interval was compara-
ble to that in other PrEP cohorts exhibiting higher STI
incidence rates [30, 33]. It is therefore unlikely that the
lower rates observed in our study would be related to less
frequent testing—our results rather suggest that a sys-
tematic “test and treat” strategy may lead, in the long
term, to a decline in STI incidences. Another explanation
could be that our study participants had a lower baseline
risk for STIs. A recent analysis of the Australian PrEPX
study reported a decline in STI incidences, possibly
related to a progressive decrease in STI baseline risk
among PrEP adopters [33]. The main assumptions behind
this phenomenon were changes in the size and constitu-
ents of sexual networks as PrEP roll-out progressed,
which may have impacted STI transmission [15, 33]. In
our study, nearly 45% of study participants were taking
PrEP at baseline, which was markedly less than that in a
previous analysis of the SwissPrEPared cohort performed
10 months after study inception (75.5%) [5]. A compara-
ble downward trend was observed for chemsex substance
use, number of partners, and STI prevalence (Table S4).
Thus, similar to the phenomenon observed in Australia,
changes occurring in local sexual networks as PrEP
uptake in Switzerland progressed may have affected the
underlying baseline risk for STIs and hence the profile of
participants entering our study. This may explain the
overall lower incidence rates observed in our cohort com-
pared with studies reporting rates captured at an earlier
stage of PrEP implementation. A figure outlining the
baseline STI risk in our cohort participants is provided in
Figure S1, as this may be of interest for future research
on sexual networks in the context of PrEP.

In this longitudinal analysis of the SwissPrEPared
cohort, we captured behavioural data retrieved from
approximately 15 000 PrEP visits, which yielded more
than 3800 person-years of follow-up. Using a statistical
approach that accounted for time-varying covariates, we
showed that the use of methamphetamine, mephedrone,
or GHB/GBL in a sexual context was strongly associated
with STI diagnosis, and this effect was robust to adjust-
ment for other behavioural factors, testing frequency,
and time trends. Other risk factors included younger age
and multiple sexual partners. Consistent with a previous
study conducted in MSM with primary HIV infection [35],
these results suggest that our cohort included individuals
with a particular risk profile experiencing high rates of
STIs. These findings have direct implications in daily
PrEP care, as they may help identify vulnerable popula-
tions and shape tailored prevention measures within
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prevention programmes. On this basis, the SwissPrE-
Pared programme is currently implementing free STI
screening for subgroups deemed at higher STI risk in
some centres. Other measures could include tailored ser-
vices for sex workers, transgender people, or migrants.

In this study, although less frequent condom use was
significantly associated with STI diagnosis, the strength of
the association was not consistent across frequency catego-
ries: instead of an incremental risk increase with lessening
frequency, never-users had a lower risk of STI than those
reporting more frequent use (i.e., “sometimes” or “mostly”).
Several reasons may explain the lack of incremental effect
observed in our study. First, with the development of effec-
tive HIV treatment, the proven efficacy of “U = U”, and the
wider availability of PrEP, systematic condom use has been
substantially declining over the past two decades [16]. Other
behavioural trends, such as changes in serosorting, in sex-
ual practices (e.g. condomless oral sex, rimming), or in the
way sexual partners are met (e.g. dating applications), may
have gained further relevance in the context of STI acquisi-
tion [15, 16]. Our analysis seems thus to suggest that con-
dom use—in the form of four frequency categories—may
not be appropriate to capture the underlying behavioural
pattern leading to an increased STI risk. Another reason for
the lack of incremental risk increase could be related to
PrEP access: because PrEP prescription was—at least at
study inception—based on risk stratification, response/
social desirability bias may have occurred to some extent,
since reporting no condom use would increase participants’
chances to qualify for PrEP prescription. However, with
time less stringent prescription criteria are being applied,
and the effect of this potential source of bias should lessen
as the study progresses. Finally, from a probabilistic per-
spective, the likelihood to never use condoms would be
larger in participants with a lower number of partners
(assuming the lower number of partners would reflect a
lower number of sexual acts). As suggested by a previous
study conducted among multi-partner MSM in
Switzerland [34], the number of partners seems to have a
much larger effect on STI acquisition than condom use.

Nevertheless, this study has some limitations. First, in
the models assessing the association of behavioural factors
with the risk of syphilis, the large CIs must be interpreted
in the light of low event rates. Further assessments of the
SwissPrEPared cohort will confirm or refute the lack of
significant effect observed here for some behavioural fac-
tors. Second, the time trend towards fewer infections must
be interpreted with caution, since our analysis included
visits performed during the SARS-CoV-2/COVID-19 pan-
demic: in a previous analysis of the SwissPrEPared cohort,
we found that sexual behaviour and access to PrEP care
might have been affected during the different phases of
the pandemic [36]. However, our findings seem robust to

the possible confounding effect of the pandemic, since our
approach accounted for time-varying confounders and all
models were adjusted for several potential confounders
relevant to the pandemic. Third, the analysis exploring the
association between PrEP use and STI diagnosis was ham-
pered by the lack of a proper control group (due to the
decline of PrEP non-users over time). Further in-depth
analysis revealed that participants who never took PrEP
over the entire study time were less likely to be screened
for STIs and had longer time intervals between study visits
(Table S5). Thus, future studies addressing the association
between PrEP use and STI diagnosis should take these two
limiting factors into account. Fourth, although many cen-
tres offer extended opening hours for PrEP counselling
and STI testing, we cannot exclude that some participants
may have accessed STI testing, diagnosis, and treatment
outside the SwissPrEPared study. It can thus be that some
incident infections were not captured by our analysis.
However, as the number of participating centres is grow-
ing (i.e., 32 as of May 2022), fewer events are expected to
be missed over time. Finally, our analysis did not consider
participants with only one screening visit, which led to the
exclusion of nearly 1000 participants. However, in a previ-
ous analysis of the SwissPrEPared cohort [5], we
found that participants who withdrew after baseline
assessment had a different risk profile, i.e. they had fewer
sexual partners, were more likely to always use condoms
with casual partners, were less likely to report previous
lifetime STIs or substance use in a sexual context, and had
a lower prevalence of STIs at baseline. Overall, these find-
ings tend to indicate that, had participants with only one
screening visit been included in the analysis, this would
have led to an underestimation of the true STI risk, since
the excluded participants seem to be generally at lower
risk of STIs.

In this longitudinal analysis including data from more
than 15 000 screening visits, we found a downward trend
in STI incidences over time. The risk of STI diagnosis was
markedly increased among younger participants and
those reporting multiple sexual partners and the use of
chemsex substances. Overall, the findings presented in
this work may help clinicians involved in PrEP care
shape prevention measures tailored to vulnerable popula-
tions at higher risk of STI.
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