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ABSTRACT
Background In many countries, HIV pre- exposure 
prophylaxis (PrEP) users are screened quarterly for STIs. 
We assessed the consequences of less frequent STI 
testing. We also assessed determinants of asymptomatic 
STI and potential for onward transmission.
Methods Using data from the AMPrEP study, we 
assessed the proportion of syphilis, and genital, anal, 
and pharyngeal chlamydia and gonorrhoea diagnoses 
which would have been delayed with biannual versus 
quarterly screening. We assessed the potential for 
onward transmission by examining reported condomless 
anal sex (CAS) in periods after to- be- omitted visits 
when screening biannually. We assessed determinants 
of incident asymptomatic STIs using Poisson regression 
and calculated individual risk scores on the basis of the 
coefficients from this model.
Results We included 366 participants. Median 
follow- up was 47 months (IQR 43–50). 1,183STIs were 
diagnosed, of which 932(79%) asymptomatic. With 
biannual screening, 483 asymptomatic STIs (52%) 
diagnoses would have been delayed at 364 study visits. 
Of these visits, 129 (35%), 240 (66%) and 265 (73%) 
were followed by periods of CAS with steady, known 
casual or unknown casual partners, respectively. Older 
participants had a lower risk of asymptomatic STI 
(incidence rate ratio (IRR) 0.86/10- year increase, 95% 
CI 0.80 to 0.92), while CAS with known (IRR 1.36, 95% 
CI 1.10 to 1.68) and unknown (IRR 1.86, 95% CI 1.48 
to 2.34) casual partners and chemsex (IRR 1.51, 95% CI 
1.28 to 1.78) increased the risk. The individual risk scores 
had limited predictive value (sensitivity=0.70 (95% CI 
0.66 to 0.74), specificity=0.50 (95% CI 0.48 to 0.51)).
Conclusion Reducing the STI screening frequency to 
biannually among PrEP users will likely result in delayed 
diagnoses, potentially driving onward transmission. 
Although determinants for asymptomatic STIs were 
identified, predictive power was low.

INTRODUCTION
Pre- exposure prophylaxis (PrEP) is highly effective 
against HIV acquisition,1 2 but does not protect 
against other STIs. Since the introduction of PrEP, 

concerns have been raised that PrEP users may be at 
increased risk of STIs due to engagement in more 
condomless sex.3 Indeed, the number of condom-
less anal sex acts since PrEP initiation seems to be 
increasing among men who have sex with men 
(MSM)4–6 and STI incidence is high.4 6–9

Considering the high STI incidence among 
PrEP users, PrEP guidelines (including the Dutch 
PrEP guidelines10) advise to screen PrEP users for 
STIs every 3–6 months.11 12 However, the optimal 
screening frequency for syphilis, chlamydia and 
gonorrhoea is under debate as (1) screening for chla-
mydia and gonorrhoea is costly, (2) serious sequelae 
in men are rare, also for syphilis when testing is 
done within 6 months, and (3) frequent antibiotic 
use may lead to antimicrobial resistance (AMR). 
A Dutch modelling study suggested that quar-
terly compared with biannual screening for chla-
mydia and gonorrhoea is not cost- effective under 
prevailing health economic criteria.13 However, 
an empirical study showed that screening biannu-
ally could lead to delayed diagnosis and treatment 
of a substantial proportion of asymptomatic STIs, 
possibly leading to more transmission.14 We previ-
ously showed that the incidence of chlamydia and 
gonorrhoea was higher during daily than event- 
driven PrEP use,6 15 probably due to fewer condom-
less sex acts among event- driven PrEP users,4 6 
while the incidence of syphilis was similar. Further 
determination of a profile for PrEP users at high 

KEY MESSAGES
 ⇒ HIV pre- exposure prophylaxis (PrEP) users are 
screened quarterly for STIs. We assessed the 
consequences of less frequent STI testing.

 ⇒ Reducing the STI screening frequency to 
biannually among PrEP users will likely result in 
delayed diagnoses, potentially driving onward 
transmission.

 ⇒ A targeted STI screening approach may help 
guide screening and reduce screening frequency 
and treatment, thereby reducing antibiotic 
intake.
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risk of STIs or a risk prediction score may provide opportunities 
for targeted STI screening.

To optimise the STI screening frequency of PrEP programmes, 
more data are needed on the effect of biannual versus quar-
terly screening. We therefore aimed to assess the proportion of 
PrEP users with STIs for whom diagnosis would be delayed if 
screening were conducted biannually instead of quarterly. As 
syphilis screening is relatively inexpensive and blood is routinely 
drawn every 3 months for HIV screening, we also assessed the 
proportion of delayed diagnoses for chlamydia and gonorrhoea 
separately to estimate the consequences if screening for these 
STIs only was delayed. In addition, we assessed the potential 
for onward transmission by examining reported condomless anal 
sex in periods after to- be- omitted visits when screening biannu-
ally and determinants of asymptomatic STIs.

METHODS
Study design and participants
The Amsterdam PrEP (AMPrEP) study was a demonstration 
project that assessed the uptake and feasibility of daily and event- 
driven PrEP among MSM and transgender persons in Amsterdam, 
the Netherlands.16 In brief, participants were enrolled between 3 
August 2015 and 31 May 2016. HIV- negative MSM and trans-
gender persons were eligible for inclusion if they were ≥18 
years old and reported any of the following in the preceding 
6 months: condomless anal sex with casual partners, ≥1 diag-
nosed bacterial STI, post- exposure prophylaxis use, or sex with 
a partner living with HIV with a detectable or unknown viral 
load. Follow- up for the AMPrEP study ended December 2020. 
For this analysis, we used data until 29 February 2020, as PrEP 
care and routine STI testing at the Center for Sexual Health of 
the Public Health Service of Amsterdam were scaled down from 
March 2020 onwards due to the SARS- CoV- 2 pandemic.

The AMPrEP study was registered with the Netherlands Trial 
Registry (NL5302).

Procedures
At the baseline visit, participants were offered a choice between 
daily and event- driven PrEP and they could switch PrEP regi-
mens at each 3- monthly study visit. PrEP was provided free of 
charge.

Participants were tested every 3 months for chlamydia, gonor-
rhoea and syphilis6 at scheduled study visits. Additional STI 
testing in- between the 3- monthly scheduled visits was avail-
able for those with STI- related symptoms or for people who 
were notified for an STI by a sexual partner. All STI testing 
was done free of charge. Serology testing for syphilis was done 
using the LIAISON Treponema Screen assay for primary infec-
tions (DiaSorin, Saluggia, Italy), and VDRL (RPR- Nosticon II; 
bioMérieux) for reinfections. Urine, anal and pharyngeal swabs 
were tested for Chlamydia trachomatis and Neisseria gonor-
rhoeae using nucleic amplification testing (Aptima Combo 
2 assay; Hologic, San Diego, California, USA). If an STI was 
detected, immediate, free- of- charge treatment was offered.

At baseline and quarterly scheduled study visits, participants 
completed a questionnaire on sexual behaviour.16 The Alcohol 
Use Disorder Identification Test,17 Drug Use Disorder Identifi-
cation Test,18 Mental Health Inventory screening test,19 Sexual 
Compulsivity Scale,20 and a questionnaire on substance use 
was completed at baseline and yearly thereafter. Questions on 
substance use related to use in general and in sexual settings. 
Chemsex was defined as the use of gamma- hydroxybutyrate/

gamma- butyrolactone, mephedrone or crystallised methamphet-
amine around the time of sex.21

Statistical analysis
The baseline visit was defined as the date of PrEP initiation. 
Follow- up started at baseline and continued until PrEP discon-
tinuation, loss to follow- up, HIV seroconversion or 29 February 
2020, whichever came first. After PrEP discontinuation, partic-
ipants were allowed to re- enter the study if they were still HIV 
negative; follow- up then continued from date of re- entry.

We described baseline demographics using count data and 
proportions for categorical variables and median and IQR for 
continuous variables. To estimate the number of asymptomatic 
syphilis (primary, secondary or early latent), chlamydia or gonor-
rhoea infections with a delayed diagnosis if testing had been 
done biannually, we subtracted the sum of asymptomatic bacte-
rial STIs diagnosed at biannual scheduled study visits (ie, month 
6, 12, 18, etc) from the sum of asymptomatic STIs diagnosed 
during all scheduled study visits (ie, at month 3, 6, 9, 12, etc). 
In addition, we estimated the number of STIs with a delayed 
diagnosis as a proportion of the total number of STIs diagnosed 
at scheduled and additional visits, to give an indication of the 
number of STI diagnoses delayed if screening was done biannu-
ally or based on symptoms. An STI was defined as asymptomatic 
if no symptoms were reported during triage and if the partici-
pant was not notified for possible exposure to an STI by a sexual 
contact. If a participant reported any STI- related symptom or 
was notified of possible exposure, the STI was defined as symp-
tomatic, regardless whether the reported symptoms were due to 
the diagnosed STI (hereafter, symptomatic STI). We assessed the 
number of condomless anal sex acts in the 3- month period after 
scheduled study visits that would have been delayed with bian-
nual testing to obtain a proxy for transmission potential of undi-
agnosed and untreated STIs to sexual partners if testing would 
have been done biannually.

We estimated incidence rates of symptomatic and asymp-
tomatic syphilis, chlamydia and gonorrhoea per 100 person- 
years by dividing the number of incident infections by the 
person- years of observation. Multiple incident infections 
at the same time point were counted as one. STI incidence 
rates were estimated including and excluding the additional 
STI visits in- between study visits. Repeated incident infections 
were included and all follow- up time was considered as time 
at risk.

We assessed incidence rate ratios (IRRs) and 95% CIs of deter-
minants of any asymptomatic STI using a Poisson regression 
model, using the number of incident asymptomatic infections 
as the outcome. Determinants with p<0.2 from a Wald χ2 test 
in univariable analysis were included in an initial multivariable 
model. Years since PrEP initiation wasforced into the multivari-
able model to account for a possible increase in STI risk over time 
due to a lesser perceived need for condoms. Backwards variable 
selection was performed to obtain the final multivariable model; 
variables that did not significantly improve the model (p>0.05) 
based on the likelihood- ratio test were removed from the multi-
variable model. Determinants for any asymptomatic chlamydia 
or gonorrhoea were assessed in a similar matter. We calculated 
individual risk scores on the basis of the coefficients from the 
multivariable Poisson models (using categorical variables for age 
groups <35, 35–44 and ≥45 years instead of the continuous 
variable). We estimated the cut- off point of these prediction 
scores to predict the occurrence of asymptomatic STIs using the 
Youden index. We assessed the accuracy of the prediction scores 
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using sensitivity and specificity for the optimal cut- off point, and 
the area under the curve (AUC).

All analyses were carried out using Stata (V.15.1, StataCorp, 
College Station, Texas, USA).

RESULTS
Between August 2015 and May 2016, 376 participants were 
included in the AMPrEP study. Of these, 9 (2.7%) did not have 
follow- up data and 1 was diagnosed with HIV at an additional STI 
visit shortly after enrolment; thus 10 participants were excluded 
from these analyses. Of the 366 included participants, 268 (73%) 
chose the daily PrEP regimen at baseline, 364 (99%) were male 
and median age was 40 years (IQR 32–48) (online supplemental 
table 1). The majority (n=350, 96%) reported condomless anal 
sex with casual partners in the 6 months before baseline and 154 
(43%) indicated chemsex in the 3 months before baseline. At 
baseline, 5 participants (1%) had a prevalent syphilis infection, 
35 (10%) chlamydia and 35 (10%) gonorrhoea.

Scheduled study visits
Median follow- up time was 47 months (IQR 43–50), during 
which participants attended a total of 4974 scheduled study 
visits. Median time between scheduled study visits was 3.0 (IQR 
2.8–3.1) months. A total of 1183 bacterial STIs were diagnosed 
at these study visits, of which 932 (79%) were asymptomatic. 
Diagnosis of 483 of 932 asymptomatic STIs (52%) would have 

been delayed at 364 scheduled study visits if screening had been 
done biannually rather than quarterly (figure 1). For the various 
STIs, we found that 411 asymptomatic chlamydia (293 anal, 83 
urethral, 35 pharyngeal), 442 asymptomatic gonorrhoea (227 
anal, 34 urethral, 181 pharyngeal), and 79 asymptomatic syph-
ilis diagnoses were made at any scheduled study visit, of which 
192 (47%), 250 (57%) and 41 (52%) would have been delayed if 
screening had been done biannually. Twenty- eight asymptomatic 
anal lymphogranuloma venereum infections were diagnosed, 
of which 13 (46%) would have been delayed with biannual 
screening. Of the 364 scheduled study visits during which diag-
nosis of an asymptomatic STI would have been delayed when 
screening biannually, 129 (35%), 240 (66%) and 265 (73%) 
were followed by periods during which the participant reported 
condomless anal sex with a steady, known casual or unknown 
casual partner, respectively. In total, 193 (53%) of 366 partic-
ipants could have transmitted one or more undetected and 
untreated asymptomatic STI during follow- up to a sex partner.

Study visits including additional STI screening visits
The participants attended 776 additional STI screening visits (ie, 
additional to the scheduled study visits), so that a total of 5750 
visits with STI screening were recorded. Median time between 
these visits was 2.9 (IQR 2.5–3.0) months. A total of 1624 
bacterial STIs were diagnosed at the scheduled and additional 
study visits. If screening had been done biannually or based 
on symptoms, diagnosis of 483 STIs (30%) would have been 
delayed (online supplemental table 2). Overall, the incidence 
rate of asymptomatic STIs was higher than the incidence rate 
of symptomatic STI (table 1). More incident symptomatic STIs 
were diagnosed when including the additional STI visits (inci-
dence rate of any symptomatic STI 29.0 per 100 person- years, 
95% CI 26.2 to 32.0) than during the scheduled study visits only 
(incidence rate 12.4, 95% CI 10.7 to 14.5). In contrast, the inci-
dence rate of any asymptomatic STI was similar when including 
(incidence rate 57.3, 95% CI 53.3 to 61.5) or excluding (inci-
dence rate 53.2, 95% CI 49.4 to 57.3) the additional STI visits. 
Similar patterns were seen for chlamydia, gonorrhoea and syph-
ilis (figure 2).

Determinants of asymptomatic STIs
In multivariable analysis, older PrEP users had a decreased risk 
of any incident asymptomatic chlamydia, gonorrhoea or syphilis 
infection (IRR 0.86 per 10- year increase in age, 95% CI 0.80 
to 0.92) (table 2). Condomless anal sex with known (IRR 1.36, 

Figure 1 Proportion of bacterial STI diagnoses that would have 
been delayed and that would not have been delayed if screening was 
done biannually rather than quarterly. Ct, Chlamydia trachomatis; Ng, 
Neisseria gonorrhoeae.

Table 1 Incidence rate (IR) of symptomatic and asymptomatic chlamydia, gonorrhoea and syphilis among PrEP users, AMPrEP cohort study, August 
2015–February 2020, Amsterdam, the Netherlands

Scheduled study visits only (n=366 persons, n=4974 visits) Including additional STI visits (n=366 persons, n=5750 visits)

Symptomatic Asymptomatic Symptomatic Asymptomatic

Events PY IR (95% CI)* Events PY IR (95% CI)* Events PY IR (95% CI)* Events PY IR (95% CI)*

Any chlamydia 72 1303 5.5 (4.4 to 7.0) 355 1303 27.3 (24.6 to 30.2) 162 1308 12.4 (10.6 to 14.4) 386† 1308 29.5 (26.7 to 32.6)

Any gonorrhoea 104 1303 8.0 (6.6 to 9.7) 354 1303 27.2 (24.5 to 30.2) 240 1308 18.3 (16.2 to 20.8) 388† 1308 29.7 (26.9 to 32.8)

Syphilis 26 1303 2.0 (1.4 to 2.9) 79 1303 6.1 (4.9 to 7.6) 62 1308 4.7 (3.7 to 6.1) 84† 1308 6.4 (5.2 to 8.0)

Any chlamydia 
or gonorrhoea‡

146 1303 11.2 (9.5 to 13.2) 636 1303 48.8 (45.2 to 52.8) 337 1308 25.8 (23.2 to 28.7) 690† 1308 52.7 (49.0 to 56.8)

Any chlamydia, 
gonorrhoea or 
syphilis‡

162 1303 12.4 (10.7 to 14.5) 693 1303 53.2 (49.4 to 57.3) 379 1308 29.0 (26.2 to 32.0) 749† 1308 57.3 (53.3 to 61.5)

*Per 100 PY.
†Additional asymptomatic STIs were found during the additional in- between STI visits. We defined an infection as asymptomatic if no symptoms were reported during triage and if the participant was not notified for possible exposure to an STI by 
a sexual partner. To assess symptoms, we used the data completed by the study physician or nurse during triage. It is possible that participants indicated they had symptoms or were notified to make an appointment, but then did not disclose any 
symptoms or notification during triage and were thus classified as asymptomatic.
‡The diagnosis of multiple STIs at a (study or extra) visit was counted as one incident event.
AMPrEP, Amsterdam PrEP demonstration project; PrEP, pre- exposure prophylaxis; PY, person- years.
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95% CI 1.10 to 1.68) and unknown (IRR 1.86, 95% CI 1.48 to 
2.34) casual partners and participating in chemsex (IRR 1.51, 
95% CI 1.28 to 1.78) in the 3 months prior to a scheduled study 
visit increased the risk of any asymptomatic STI. Based on the 
coefficients of the variables included in the final multivariable 
model, a risk score was calculated. The theoretical range of the 
score was 0.16–1.56; the actual range of observed values was 
0.16–1.50. Based on the Youden index, the optimal cut- off point 
to predict the occurrence of asymptomatic STIs was 0.51, for 
which the sensitivity and specificity were 0.70 (95% CI 0.66 to 
0.74) and 0.50 (95% CI 0.48 to 0.51), respectively; the AUC 
was 0.60. Multivariable determinants of any asymptomatic chla-
mydia or gonorrhoea were similar (online supplemental table 3). 
The optimal cut- off point, sensitivity, specificity and AUC were 
similar.

DISCUSSION
We estimated that diagnosis of over half of asymptomatic STIs 
would have been delayed if STI screening would have been done 
biannually instead of quarterly. As condomless anal sex was 
commonly reported in the 3- month periods after the scheduled 
study visits at which asymptomatic STIs were detected, there is 
potential for further STI transmission to sexual partners if STI 
diagnosis would have been delayed with biannual screening.

The high overall incidence of STIs has been reported exten-
sively in PrEP research,4 7–9 including during the first 2 years of 
follow- up of AMPrEP,6 and is likely linked to the high number 
of condomless anal sex acts among PrEP users.5 While inci-
dence of STI is high, it is unclear what the optimal STI screening 
frequency among PrEP users is. This debate usually focuses on 
screening costs and the impact of screening on STI prevalence, 
serious sequelae and high frequency of antibiotic use. Reducing 
the frequency of bacterial STI screening would reduce costs, 
avoid treatment of self- limiting infections and reduce overall 
antibiotic consumption. Infections that would become sympto-
matic would presumably lead to additional STI visits in- between 
scheduled study visits with testing and treatment, which would 
avoid sequelae.

Modelling studies have suggested that more frequent 
screening could reduce chlamydia, gonorrhoea22 and syphilis 

incidence,23 24 but empirical studies assessing the effect of oppor-
tunistic testing for chlamydia and gonorrhoea have not demon-
strated a decrease.25 26 Similar to a previous study,14 we showed 
that reducing screening frequency to biannually would result in 
delayed diagnosis of over half of asymptomatic STIs, and 32% of 
all diagnosed STIs, which provides a window for ongoing trans-
mission, since the majority of individuals engaged in condom-
less anal sex acts during the time following the to- be- omitted 
study visits. On the other hand, participants might refrain from 
condomless sex without the reassurance of a negative test result. 
The contribution of delayed diagnosis of asymptomatic infec-
tions to onward transmission warrants further attention.

While there is a potential for serious sequelae of syphilis if 
left untreated, the likelihood of these sequelae within a time 
frame of 6 months is low. However, as per current guidelines, 
PrEP users will have to be screened for HIV every 3 months and 
testing for syphilis is relatively inexpensive, quarterly screening 
for syphilis could still be considered. Similarly, the risk of serious 
sequelae after chlamydia and gonorrhoea is low in men. In addi-
tion, gonorrhoea and chlamydia infections have been found 
to clear spontaneously27–29 and thus treating all asymptomatic 
gonorrhoea and chlamydia with antibiotics may not be necessary 
and contribute to AMR. A recent study showed that macrolide 
consumption among PrEP users was high (9.46 daily doses per 
1000 inhabitants per day),30 but that macrolide consumption 
was almost 75% lower when STI screening changed from quar-
terly to biannually.31 Thus, reducing the STI screening frequency 
may at least be an effective way of reducing macrolide consump-
tion. As we found a relatively high incidence rate of symptomatic 
infections, especially when including additional STI visits, this 
could imply that symptomatic STIs are likely to be diagnosed 
and treated regardless of planned screening frequency. Reducing 
the screening frequency of gonorrhoea and chlamydia to biannu-
ally and encouraging STI testing when needed could reduce the 
frequency of treatment with antibiotics.

With regard to the high proportion of infections for which 
treatment would have been delayed with biannual screening, we 
examined the feasibility of another approach: screening based on 
personalised risk profiles. We showed that participants who were 
older and engaged less in risky sexual practices (eg, chemsex or 
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only, AMPrEP cohort study, August 2015–February 2020, Amsterdam, the Netherlands. The week 54 visit was excluded due to the small number of 
participants who attended this visit. AMPrEP, Amsterdam PrEP demonstration project; PrEP, pre- exposure prophylaxis.
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condomless anal sex with unknown casual partners) were at 
lower risk of asymptomatic STIs. However, the predictive value 
of the individual risk scores to distinguish participants at low risk 
of asymptomatic infections was low. In addition, these determi-
nants are known risk factors for STIs among PrEP users8 and 
are not specific for asymptomatic infections. To optimise PrEP 

programmes, it needs to be further evaluated whether a targeted 
quarterly screening approach is possible and (cost- )effective.

Our study is one of the first to evaluate quarterly versus bian-
nual STI screening using longitudinal data of over 4.5 years, 
in which we were able to differentiate between asymptomatic 
and symptomatic STIs. Our approach was also subject to some 

Table 2 Determinants of any incident asymptomatic chlamydia, gonorrhoea or syphilis among PrEP users, AMPrEP cohort study, August 2015–
February 2020, Amsterdam, the Netherlands

# events Person- years

Univariable Poisson model Multivariable Poisson model

IRR 95% CI P value aIRR 95% CI P value

Years since PrEP initiation

  1 199 359 Ref 0.763 Ref

  2 169 338 0.90 0.73 to 1.11 0.94 0.76 to 1.15 0.532

  3 171 320 0.97 0.79 to 1.19 1.08 0.87 to 1.33 0.491

  4 132 259 0.92 0.74 to 1.15 1.09 0.84 to 1.41 0.517

Age, per 10- year increase* 0.87 0.81 to 0.93 <0.001 0.86 0.80 to 0.92 <0.001

Age*

  <35 years 191 308 Ref <0.001

  35–44 years 246 413 0.96 0.79 to 1.16

  ≥45 years 256 582 0.71 0.59 to 0.86

Self- declared ethnicity†

  White 595 1117 Ref 0.932

  Non- white 98 186 0.99 0.80 to 1.23

Highest education level†

  No college/university 129 286 Ref 0.029

  College/university 564 1016 1.23 1.02 to 1.49

Employment†

  Unemployed 142 279 Ref 0.507

  Employed 544 1006 1.06 0.88 to 1.28

Sexual preference†

  Exclusively homosexual 564 1029 Ref 0.165

  Not exclusively homosexual 129 269 0.87 0.72 to 1.06

CAS with a steady partner*

  No 413 748 Ref 0.360

  Yes 259 504 0.93 0.80 to 1.09

CAS with a known casual partner*

  No 125 347 Ref <0.001 Ref 0.004

  Yes 547 906 1.67 1.38 to 2.03 1.36 1.10 to 1.68

CAS with an unknown casual partner*

  No 105 331 Ref <0.001 Ref <0.001

  Yes 567 922 1.94 1.57 to 2.39 1.86 1.48 to 2.34

Chemsex*‡

  No 283 690 Ref <0.001 Ref <0.001

  Yes 339 477 1.73 1.48 to 2.03 1.51 1.28 to 1.78

Alcohol Use Disorder Identification Test*§

  Score <8 493 884 Ref 0.049

  Score ≥8 129 280 0.83 0.68 to 1.00

Drug Use Disorder Identification Test*§

  Score <8 395 802 Ref 0.004

  Score ≥8 227 362 1.28 1.08 to 1.50

MHI- 5*¶

  Score ≥60 504 939 Ref 0.842

  Score <60 117 222 0.98 0.80 to 1.20

Sexual Compulsivity Scale score***

  Score <24 535 1021 Ref 0.180

  Score ≥24 86 140 1.17 0.93 to 1.47

*Time updated.
†As reported at baseline.
‡Defined as any gamma- hydroxybutyrate/gamma- butyrolactone, crystallised methamphetamine or mephedrone use during sex.
§A score of 8 or higher indicates possible presence of alcohol or drug use disorder.
¶A score lower than 60 indicates possible mood or depressive mood disorder.
**A score or 24 or higher indicates a greater impact of sexual thoughts on daily functioning and an inability to control sexual thoughts or behaviour.
aIRR, adjusted incidence rate ratio; AMPrEP, Amsterdam PrEP demonstration project; CAS, condomless anal sex; IRR, incidence rate ratio; MHI- 5, Mental Health Inventory screening test; PrEP, pre- exposure prophylaxis.
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limitations. First, the participants of AMPrEP were early PrEP 
adopters, were predominantly white and highly educated, and 
were at high risk of HIV before they entered the study.16 There-
fore, they may not be representative of the current PrEP- using 
population. Other PrEP users in the Netherlands may have, 
on average, lower rates of STIs and thus a lower number of 
asymptomatic diagnoses that would be missed with less frequent 
screening. Second, it was assumed that asymptomatic infec-
tions remained asymptomatic and thus untreated until the next 
scheduled study visit, while in theory asymptomatic STIs could 
become pre- symptomatic and symptomatic over time. In addi-
tion, we did not account for spontaneous clearance of gonor-
rhoea and chlamydia.27–29 These assumptions may have caused 
an overestimation of the proportion of infections that would 
have had delayed treatment. Lastly, we assumed that participants 
would not change their sexual behaviour if STI screening would 
have been done biannually.

In conclusion, reducing the screening frequency of STIs 
from quarterly to biannually among PrEP users may result in 
many delayed diagnoses of asymptomatic infections, potentially 
driving onward transmission. Whether this would pose a serious 
public health threat as far as chlamydia and gonorrhoea are 
concerned needs further evaluation. Although a risk- based STI 
screening approach to guide STI testing has potential to mitigate 
this effect, more research is warranted to evaluate the potential 
and (cost- )effectiveness of targeted testing in various PrEP- using 
populations.
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Supplementary Table 1: Socio-demographic and sexual behaviour characteristics at baseline of PrEP 

users (n=366), AMPrEP cohort study, August 2015 to June 2016, Amsterdam, the Netherlands. 

 n1 %1 

PrEP regimen   

Daily 268 73% 

Event-driven 98 27% 

Age (years)   

Median (IQR) 40 [32-48] 

<35 year 120 33% 

35 - 44 year 111 30% 

≥45 year 135 37% 

Gender identity   

Male 364 99% 

Transgender woman 2 1% 

Self-declared racial-ethnic background   

White 314 86% 

Non-white 52 14% 

Residence   

Amsterdam 223 61% 

Other 143 39% 

Highest education level   

No college/university 86 24% 

College/university 280 77% 

Employment   

Employed 282 78% 

Unemployed 80 22% 

Monthly net income   

Low (≤€1700) 96 27% 

Middle (€1701 to €2950) 150 43% 

High (>€2950) 104 30% 

Steady relationship    

No 204 56% 

Yes 158 44% 

Living situation   

Alone 195 53% 

With partner 116 32% 

With others 55 15% 

Sexual behaviour   

Sexual preference   

Exclusively homosexual 288 79% 

Not exclusively homosexual 77 21% 

Number of anal sex partners2, median [IQR] 12 [6-25] 

Number of casual partners2,  median [IQR] 12 [5-23] 

Number of anal sex acts2, median [IQR] 22 [11-36] 

Number of anal sex acts with a casual partner2, 

median [IQR] 
15 [8-28] 

CAS with casual partner3   

No 16 4% 

Yes 350 96% 

Post-exposure prophylaxis used3  
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Abbreviations: AMPrEP, Amsterdam PrEP demonstration project; CAS, condomless anal sex act; HIV, human 

immunodeficiency virus; IQR, interquartile range; PrEP, pre-exposure prophylaxis 

 

Data were missing for employment (n=4), income (n=16), steady relationship (n=4), sexual preference (n=1), syphilis 

diagnosis (n=9), AUDIT (n=1), DUDIT (n=2), SCS (n=1). 

1. Unless stated otherwise  

2. In the 3 months before baseline 

3. In the 6 months before baseline 

4. Defined as any gamma-hydroxybutyrate (GHB)/gamma-butyrolactone (GBL), crystalized methamphetamine or 

mephedrone use during sex 

5. A score of eight or higher indicates possible presence of alcohol- or drug-use disorder 

6. A score lower than 60 indicates possible mood or depressive mood disorder  

7. A score or 24 or higher indicates a greater impact of sexual thoughts on daily functioning and an inability to control 

sexual thoughts or behaviour 

No 339 93% 

Yes 27 7% 

HIV-positive partner with a detectable viral load3  

No 357 98% 

Yes 9 2% 

Any bacterial STI   

Chlamydia 35/357 10% 

Gonorrhoea 35/358 10% 

Syphilis 5/357 1% 

Drug use and mental health characteristics   

Chemsex2,4   

No 207 57% 

Yes 154 43% 

Alcohol-use disorder (AUDIT)5   

Score <8  262 72% 

Score ≥8  100 28% 

Drug-use disorder (DUDIT)5   

Score <8 230 63% 

Score ≥8 134 37% 

MHI-56   

Score <60 76 21% 

Score ≥60 290 79% 

Sexual compulsivity score (SCS)7   

Score <24 283 78% 

Score ≥24 82 22% 
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Supplementary Table 2: Proportion of bacterial STI diagnoses that would have been delayed and that 

would not have been delayed if screening was done biannually or based on symptoms rather than 

quarterly, AMPrEP cohort study, August 2015 to February 2020, Amsterdam, the Netherlands. 

 
Abbreviations: AMPrEP, Amsterdam PrEP demonstration project; STI, sexually transmitted infection 

 Total Would not have been 

delayed 

Would have been delayed 

  n % n % 

Chlamydia 630 438 70% 192 30% 

Gonorrhoea 848 598 71% 250 29% 

Syphilis 146 105 92% 41 28% 

Total chlamydia or gonorrhoea 1,478 1036 70% 442 30% 

Total chlamydia, gonorrhoea or syphilis 1,624 1,141 70% 483 30% 
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Supplementary Table 3. Determinants of any incident asymptomatic chlamydia or gonorrhoea among PrEP users, AMPrEP observational cohort study, August 

2015 to February 2020, Amsterdam, the Netherlands. 

   Univariable Poisson model Multivariable Poisson model 

 # events Person-years IRR 95% CI p-value aIRR 95% CI p-value 

Years since PrEP initiation         

1 179 359 REF  0.757 REF   

2 156 338 0.93 (0.75-1.15)  0.97 (0.77-1.20) 0.760 

3 162 320 1.02 (0.82-1.26)  1.14 (0.92-1.42) 0.227 

4 119 259 0.92 (0.73-1.16)  1.07 (0.82-1.41) 0.608 

Age, per 10 year increase1   0.86 0.80-0.92 <0.001 0.85 0.79-0.91 <0.001 

Age1         

<35 year 176 308 REF  <0.001    

35 - 44 year 229 413 0.97 0.80-1.18     

≥45 year 231 582 0.69 0.57-0.85     

Self-declared ethnicity2         

White 546 1117 REF  0.941    

Non-white 90 186 0.99 0.79-1.24     

Highest education level2         

No college/university 118 286 REF  0.033    

College/university 518 1016 1.24 1.01-1.51     

Employment2         

Unemployed 129 279 REF  0.452    

Employed 500 1006 1.08 0.89-1.31     

Sexual preference2         

Exclusively homosexual 517 1029 REF  0.204    

Not exclusively homosexual 119 269 0.88 0.72-1.07     

CAS with a steady partner1      

No 7.5 748 REF  0.390    
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Abbreviations: aIRR, adjusted incidence rate ratio; AMPrEP, Amsterdam PrEP demonstration project; CAS, condomless anal sex act; CI, confidence interval; IRR, incidence rate ratio; PrEP, 

pre-exposure prophylaxis  

1. Time-updated 

2. As reported at baseline 

3. Defined as any gamma-hydroxybutyrate (GHB)/gamma-butyrolactone (GBL), crystalized methamphetamine or mephedrone use during sex 

4. A score of eight or higher indicates possible presence of alcohol- or drug-use disorder 

5. A score lower than 60 indicates possible mood or depressive mood disorder 

6. A score or 24 or higher indicates a greater impact of sexual thoughts on daily functioning and an inability to control sexual thoughts or behaviour 

Yes 5.0 504 0.93 0.79-1.10     

CAS with a known casual partner1      

No 114 347 REF  <0.001 REF  0.008 

Yes 503 906 1.69 1.38-2.07  1.35 1.08-1.68  

CAS with an unknown casual partner1        

No 98 331 REF  <0.001 REF  <0.001 

Yes 519 922 1.90 1.53-2.36  1.84 1.45-2.34  

Chemsex1,3         

No  256 690 REF  <0.001 REF  <0.001 

Yes 312 477 1.76 1.50-2.08  1.53 1.28-1.81  

Alcohol use disorder identification test (AUDIT)1,4     

Score <8  453 884 REF  0.037 REF  0.050 

Score ≥8  116 280 0.81 0.66-0.99  0.81 0.66-1.00  

Drug use disorder identification test (DUDIT)1,4     

Score <8  355 802 REF  <0.001    

Score ≥8  214 362 1.34 1.13-1.58     

MHI-51,5         

Score ≥60 459 939 REF  0.983    

Score <60 109 222 1.00 0.81-1.24     

Sexual compulsivity score 

(SCS)1,6         

Score <24 489 1021 REF  0.186    

Score ≥24 79 140 1.18 0.93-1.49     
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