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a b  s t  r a  c t

Introduction:  There  is discussion  about  the  frequency of  STI  screening  among  pre-exposure  prophylaxis

(PrEP)  users. The aim of this study  was to analyse the  incidence of STIs and  to  evaluate  different screening

models  in order to  optimise  the  follow-up.

Methodology:  A prospective  study was conducted  between 2017  and 2023, including 138  PrEP users in

a STI  clinic.  Participants  were tested for  STIs every three months.  Unscheduled  visits  were  performed

for those with  STI-related  symptoms  or  for people  who  were notified  for  an  STI  by  a  sexual partner.  We

performed  a  survival  analysis  of repeated events,  estimating the  cumulative incidence  (CI) and  incidence

rate  (IR).

Results: The  overall  CI by quarterly  screening  was  8.3 (95% CI:  7.6–9.1) infections  per  person  over six

years,  with a  decreasing  trend. The most  frequently  diagnosed pathogen  was  Neisseria gonorrhoeae,  with

a IR of 0.76  (95% CI: 0.68–0.84). If  the  frequency  of screening is reduced  to every six  months,  the  IR of

STIs  is reduced  by  (95% CI:  0.5–0.66)  infections  per  user  per year, and  at  12  months  by  0.82  (95% CI:

0.73–0.89).  In  the  case of  no  pharyngeal  or  urethral  screening,  IR is  reduced  by  0.37 (95%  CI:  0.32–0.42)

infections  per  person  per  year  and  in those  over  35  years  of age by  0.33  (95%  CI:  0.25–0.4).  Eliminating

unscheduled  visits,  the  reduction in IR is 0.33  (95% CI:  0.24–0.42).

Conclusions:  The  incidence of STIs among  PrEP  users  is high, especially in the  rectum,  but  it does  not

increase  over time.  STI screening  could  be  optimised reducing  the  frequency of pharyngeal  and urethral

testing,  particularly  in those over 35  years  of age. It  is  essential  to redistribute health  resources for

unscheduled  visits,  which  have  been  shown  to be  the  most  cost-effective  screening.

© 2024 Published by  Elsevier España,  S.L.U. on behalf of Sociedad Española  de  Enfermedades

Infecciosas  y  Microbiologı́a Clı́nica.
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Introducción:  Existe  un  debate sobre  la frecuencia  del  cribado  de  ITS  entre  los usuarios de profilaxis pre-

exposición  (PrEP).  El objetivo  de  este  estudio  fue  conocer la incidencia  de  ITS  entre usuarios  de  PrEP  y

evaluar distintos  modelos de  cribado  para optimizarlo.
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Metodología:  Estudio  descriptivo  prospectivo  de  una  cohorte de  usuarios  de  PrEP  en  seguimiento  desde

2017–2023 en  una  clínica  de  ITS. Se incluyeron 138 participantes,  a quienes  se realizó  un  cribado  de  ITS

trimestralmente  y  visitas  no programadas  ante sospecha  clínica  o epidemiológica  de  ITS. Se realizó  un

análisis de  supervivencia para eventos  repetidos,  calculando  la incidencia  acumulada  (IA)  y la tasa  de

incidencia  (TI).

Resultados:  La IA global  mediante  el cribado  trimestral  fue  de  8,3 (IC 95%:  7,6–9,1) infecciones  por persona

en  6 años,  con  una  tendencia descendente.  El  patógeno  más  frecuentemente  diagnosticado  fue la Neisseria

gonorrhoeae, TI de  0,76 (IC  95%:  0,68−0,84).  En  caso  de  reducir  la  frecuencia  de  cribado  semestralmente,  la

TI de  ITS  se reduce  en  0,58 (IC  95%:  0,5−0,66)  infecciones  por usuario  y año,  y  a 12 meses  en  0,82 (IC  95%:

0,73−0,89).  En  caso  de  no realizar  cribado  en  localización  faríngea  ni uretral  la TI se reduce  en  0,37 (IC

95%:  0,32−0,42)  infecciones por persona  y  año y  en  aquellos  usuarios con más  de 35  años  en  0,33 (IC  95%:

0,25−0,4).  Eliminando las  visitas no programadas la reducción en  la TI es de  0,33 (IC  95%:  0,24−0,42).

Conclusiones:  La incidencia de  ITS  entre  los usuarios de  PrEP  es elevada,  especialmente en  el recto,  pero

no  se  incrementa  con el  paso del  tiempo.  Se podría  optimizar  el  cribado  de  ITS  reduciendo  la  frecuencia

de  búsqueda  en localización  faríngea y  uretral,  especialmente  en  mayores  de  35 años.  Es  fundamental

disponer de  recursos  para las  visitas  no programadas,  que han demostrado  ser  un  cribado  con mayor

rentabilidad  diagnóstica.

©  2024  Publicado  por Elsevier  España,  S.L.U. en  nombre  de  Sociedad  Española de  Enfermedades

Infecciosas y Microbiologı́a  Clı́nica.

Introduction

A number of preventive measures have been used to prevent

HIV transmission, including promotion of consistent condom use,

needle exchange programmes, HIV screening for early diagnosis,

immediate antiretroviral therapy, post-exposure prophylaxis, sex

education and harm reduction on recreational drug use.1 In 2012,

the FDA approved the use of TDF/FTC as another preventive mea-

sure under the umbrella term pre-exposure prophylaxis (PrEP).2

PrEP is the use of antiretroviral drugs targeted at HIV-negative

people with high-risk practices with the aim of preventing HIV

acquisition.3,4 It  has shown great preventive efficacy and is rec-

ommended by various health agencies and scientific societies such

as CDC, WHO  and GESIDA (Grupo de Estudio de Sida [AIDS Study

Group]).5–7 The FDA has also approved other drugs such as TAF/FTC

or  cabotegravir for PrEP.8,9

In November 2019, the Spanish Ministry of Health announced

funding for TDF/FTC with the indication of PrEP in  Spain within

the National Health System, as an additional HIV prevention

measure.10 As  has been the case in  other developed countries,

the number of PrEP users has been steadily increasing. However,

according to UNAIDS data, expectations have not  yet been met in

terms of the number of candidates who could benefit from it.11 PrEP

programmes must be accessible and facilitate correct adherence to

achieve the greatest benefit.

On the other hand, the implementation of this programme has

been associated with lower condom use in  sexual intercourse and

higher diagnosis of other sexually transmitted infections (STIs).12

Given that PrEP is  indicated for people at high risk for HIV, they

are also exposed to  other STIs. STI screening is an essential part of

a PrEP programme.10 Its aim is  to  diagnose STIs early, provide tar-

geted treatment and break chains of transmission. However, there

is a debate on the frequency of screening, taking into account the

need to optimise healthcare resources and concerns about increas-

ing antibiotic resistance.13 One study reported that quarterly STI

screening would diagnose 18,250 more STIs than screening six-

monthly over 10 years of follow-up in  more than 36,000 men  who

have sex with men  (MSM), although this effort would not be cost-

effective.14 Moreover, a  very high number of visits may  be a  barrier

to user adherence to the programme. The updated PrEP guide-

lines have been more flexible in their recommendations for STI

screening.7

The aim of this study was to gain an understanding of the inci-

dence of STIs among PrEP users, with a  sub-analysis taking into

account age and sampling methodology, and to  evaluate different

screening models in  order to optimise screening.

Methodology

Study design

This was a  retrospective descriptive study of a  cohort of PrEP

users from 2017 to 2023, conducted at a  national referral STI clinic.

The first 138 users who had early access to  PrEP were included

in the study and were screened for STIs on a  quarterly basis.

At each of these scheduled visits, HIV and syphilis serology, col-

lection of pharyngeal and rectal swabs, and urine sampling for

Neisseria gonorrhoeae (NG) and Chlamydia trachomatis (CT)  by  poly-

merase chain reaction (PCR) were performed. All incidences of CT

detected in the pharynx and rectum were retested for lymphogran-

uloma venereum (LGV). HCV serology was also performed every

six  months. In addition to  the quarterly visits, all unscheduled vis-

its with clinical or  epidemiological suspicion of STIs were included.

STI screening was  performed at these visits at the clinicians’ discre-

tion. Ulcer studies for CT  and Treponema pallidum (TP) and urethral

exudates for NG, CT  and LGV were also performed. In  cases of pri-

mary syphilis, the study was  completed with serology. Samples for

STI screening were collected by healthcare professionals at both

scheduled and unscheduled visits. From 1 July 2022, self-collection

of pharyngeal and rectal samples at scheduled visits was  imple-

mented.

Diagnostic techniques

Two real-time PCRs (AllplexTM STI Essential Assay and AllplexTM

Genital ulcer Assay, Seegene) were used to detect NG, CT  and LGV.

Serological diagnosis of syphilis was  performed using a  chemilumi-

nescent microparticle immunoassay (Alinity s Syphilis TP,  Abbott

Laboratories), an RPR technique (Macro-Vue RPR Card Test, Becton

Dickinson) and a TP-PA technique (Serodia TP-PA, Fujirebio INC).

HCV serology was determined by chemiluminescent microparticle

immunoassay (Alinity s Anti-HCV, Abbott Laboratories).

Statistical analysis

The qualitative variables are summarised by the distribution of

absolute and relative frequencies. Quantitative variables are sum-

marised with the mean and standard deviation (SD) or with the

median and interquartile range (IQR) if they do  not  fit a normal

distribution. A recurrent event modelling methodology was used

to estimate the cumulative incidence (CIn). The time of screening

was taken as T  =  0 and for each sample the time in  days to  screening

was calculated. A negative sample was  considered a negative event;
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Table  1

Samples collected for STI screening at scheduled and unscheduled visits and positive detection from 2017 to  2023.

Sample Scheduled visits Unscheduled visits Total

Positive Samples/visit Positive Samples/visit Positive Samples/visit

Pharynx 213/3276 (6.5%) 3276/3287 (0.99) 6/37 (16.2%) 37/316 (0.11) 219/3313 (6.6%) 3313/3603 (0.91)

Rectum 636/3145 (20.2%) 3145/3287 (0.95) 116/165 (70.3%) 165/316 (0.52) 753/3310 (22.7%) 3310/3603 (0.91)

Urine 87/3276 (2.6%) 3276/3287 (0.99) 3/16 (18.7%) 16/316 (0.05) 90/3292 (2.7%) 3292/3603 (0.91)

Syphilis 119/3278 (3.6%) 3278/3287 (0.99) 20/75 (26.6%) 75/316 (0.23) 139/3353 (4.1%) 3353/3603 (0.93)

HCV 4/1603 (0.2%) 1603/3287 (0.44) –  – 4/1603 (0.2%) 1603/3603 (0.44)

Urethra 3/6 (50%) 6/3287 (0.001) 58/84 (69.0%) 84/316 (0.26) 61/90 (67.8%) 90/3603 (0.03)

Ulcer 2/4 (50%) 4/3287 (0.001) 14/40 (35.0%) 40/316 (0.12) 16/44 (36.4%) 44/3603 (0.01)

Total 1064/14,588 (7.3%) 14,588/3287 (4.44) 217/417 (52.1%) 417/316 (1.32) 1281/15,005 (8.5%) 15,005/3603 (4.16)

Figure 1. Cumulative incidence of total and pathogen-specific STIs among 138 PrEP users from 2017 to  2023.

a positive sample, a  positive event; and censored in  the case of loss

to follow-up. In cases where the last record was positive, a negative

record was added one day after the last record. The Nelson-Aalen

mean cumulative function estimator was used to estimate the CIn

of recurrent events, in accordance with the methodology proposed

by Lawless. Simply put, the mean cumulative function enables the

estimation of the average number of recurrent events per subject

at time ẗ,̈ taking into account the censored data. Cumulative inci-

dences are shown using the point estimate and 95% confidence

interval every three months until the end of the total follow-

up. CIns are expressed in  infections per patient, with isolation of

the same microorganism in different anatomical niches not being

considered different infections. Alpha values less than 0.05 were

considered statistically significant. In the simulation of the differ-

ent scenarios, the CIn was  calculated according to the methodology

presented above, eliminating the corresponding visits in each case.

CIns are all expressed for the full follow-up period (number of new

infections per person over six years), and incidence rates (IRs) are

shown on an annual basis (number of new infections per person

per year). Statistical analysis was performed using the R  statistical

package (R version 4.3.1) and RStudio (version 2023.06.0 +  421). The

reda and reReg packages were used for the analysis of recurrent

events. The ggplot2, gridExtra, dplyr, reshape and tidyr packages

were used for the graphical representation and ordering of the data.

Ethical aspects

All data were collected through clinical records from rou-

tine clinical practice. All  the information analysed was  previously

anonymised. The study protocol was approved by the Hospital

Clínico San Carlos Ethics Committee: 20/214-E.

Results

A  total of 138 daily PrEP users were included in the study. Some

98.6% (136) were MSM and 1.4% (2) were transgender women.

The median age was  33 years (IQR 30–38). In total, 79.7% (110)

were Spanish, 10.1% (14) were Latin American and the rest were of

different nationalities. The median follow-up time was 5.98 years

(IQR 3.84–6.03), with a  minimum follow-up time of 41  days and

a maximum of 6.23 years. Over these six years, a total of  3313

pharyngeal swabs (219 positive; 6.6%), 3310 rectal swabs (753 pos-

itive; 22.7%), 3292 urine samples (90 positive; 2.7%), 3353 syphilis

serologies (139 positive; 4.1%), 1603 HCV serologies (4 positive;

0.17%), 90 urethral exudates (61 positive; 67.8%) and 44 ulcer sam-

ples (16 positive; 36.4%) were carried out. In  total, 15,005 samples

were available, of which 14,588 were from scheduled visits and 417

were unscheduled (Table 1). Some 82.7% of infections were  diag-

nosed at scheduled visits, although unscheduled visits had a higher

diagnostic yield.

Fig. 1 shows the CIn  of NG, CT, syphilis and HCV during the six

years of follow-up. The overall CIn  was 8.3 (95% CI:  7.6–9.1) infec-

tions per person from the start of follow-up to  year six (overall

incidence rate 1.38 [95% CI: 1.27–1.51] infections per person per

year). The six-monthly CIns according to microorganism are set out

in Appendix A,  Table 1 of the Supplementary material. The most

frequently diagnosed pathogen was  NG, with an IR of  0.76 (95% CI:

0.68−0.84), followed by CT with an IR of 0.56 (95% CI: 0.49−0.63)

and syphilis with an IR of 0.21 (95% CI: 0.17−0.26).

A  total of 9222 CT tests were performed, of which 474  (5.1%)

were positive. LGV subtyping was performed on 361 of these sam-

ples and was positive in  79 cases (21.8%). Of these, 87.3% (69) were

from rectal samples, 11.4% (9) from ulcers and one case from the

urethra.
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Figure 2. A. Overall incidence rate taking into account all STIs by year of diagnosis. B.  Incidence rate of NG, CT and syphilis by year of follow-up, 2017–2023.

The IR, taking into account all STIs, decreased over the years

(Fig. 2). The most significant difference was found between the third

and fourth year, coinciding with the COVID-19 pandemic. The IR

for 0–3 years was 1.87 (95% CI:  1.7–2.03) infections per person per

year, and for 3–6 years 0.91 (95% CI:  0.76–1.03), consistent with

a reduction of 0.97 (95% CI:  0.73–1.16) infections per person per

year (51.2% reduction [95% CI: 42.9–57.1]). Fig. 2 shows a signifi-

cant reduction in the IR of NG and CT, while syphilis remains stable

during follow-up.

There were significant differences in STI CIn by  age. Among

users over 35 years of age, STI CIn was significantly lower (1.7

[95% CI: 1.53–1.86] in  under 35 s vs 1.28 [95% CI: 1.06–1.51] infec-

tions per person per year in over 35 s, representing a  24.7% [95%

CI: 18.8–30.7] reduction [p < 0.001]). An  analysis was  also con-

ducted comparing STI CIn between the period after 1 July 2022,

coinciding with the implementation of self-testing, and the period

between 1 July 2021 and 1 July 2022, with sampling by  a health-

care professional. There was no significant difference between the

two periods: 1.32 (95% CI:  1.01–1.61) and 1.77 (95% CI: 0.98–2.57)

infections per person per year, respectively (p = 0.91).

Fig. 3 shows the CIn, analysed by  each pathogen and sample loca-

tion, taking into account all visits, both scheduled and unscheduled.

Most NG and CT cases were detected in  the rectum. The majority

of STIs detected in the pharynx were for NG, and a  minority for

CT. There were very few NG or CT cases diagnosed in  the urethra.

Syphilis was diagnosed by  PCR and serology, with incidence rates

of 0.05 (95% CI: 0.03−0.07) and 0.17 (95% CI: 0.13−0.21) infections

per person per year, respectively.

An analysis of the IR of STIs was performed by generating

different screening models, compared to the quarterly regimen

established in  the study (Fig. 4 and Appendix A, Table 2  of the

Supplementary material). The difference between quarterly full

screening and the reduction of each method indicates the num-

ber of missed diagnoses. If screening frequency is  reduced to  six

months, the IR of STIs reduces by 0.58 (95% CI: 0.5−0.66) infections

per user per year, and to 12 months by 0.82 (95% CI:  0.73−0.89)

(42.0% [95% CI:  39.4–43.7], 58.7% [IQR: 57.4–58.9] reduction in IR).

For  syphilis, the incidence remains similar in six-monthly screen-

ing, with a  difference of 0.07 (95% CI:  0.04−0.09) infections per user

per year (5.1% [95% CI: 3.1–5.9]).

Differences in  IR for any STI were also analysed by the techniques

used in screening at scheduled visits. If urethral and pharyngeal

screening is  not performed, infections per user per year are reduced

by 0.11 (95% CI: 0.08−0.14) (7.9% [95% CI:  6.3–9.3]) and 0.27 (95%

CI: 0.23−0.32) (19.6% [18.1; 21.2]). In the case of no  STI screening

in  either pharyngeal or urethral sites, the IR reduces by 0.37 (95%

CI: 0.32−0.42) (26.8% [95% CI: 25.2–27.8]) infections per person per

year, and in users over 35 years of age by 0.33 (95% CI: 0.25−0.4)

(23.9% [95% CI: 19.7–26.5]). In the case of eliminating unscheduled

visits, the reduction in IR is 0.33 (95% CI: 0.24−0.42). Appendix A,

Fig.  1 of the Supplementary material shows the evolution of cumu-

lative incidences according to each screening strategy.

Discussion

The incidence of STIs among PrEP users was high, as reported

in  other publications.15 However, despite much debate about the

continuing rise of STIs among PrEP users, in  this study the IR of STIs

declined over the years.16,17 There may  be several factors behind

this decline. On the one hand, increasing age among users in  the
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Figure 3. Cumulative incidence of NG and CT by pharyngeal, rectal and urethral location among PrEP users during scheduled and unscheduled visits between 2017 and 2023.

cohort could be  associated with a lower rate of STIs.18 On the other

hand, the onset of the COVID-19 pandemic coincides with the most

significant decline in  STIs during the study. In the general popu-

lation in Spain, according to the surveillance registry, in  the year

following the COVID-19 pandemic, the incidence of STIs increased

and even surpassed pre-2020 data.19 However, these results are not

congruent with those found among the participants in our study.

As in the Schmidt et al. publication, the incidence of STIs  among

PrEP users remained lower than in the pre-pandemic era.20

The majority of STIs detected in  our study were NG fol-

lowed by CT and, as in other publications, the most frequent

location was rectal.17 NG infections declined significantly, with

incidence rates in  recent years approaching those of CT,  as in

other PrEP cohorts.21 Despite six-monthly screening, cumula-

tive HCV incidence remained close to  zero. According to the

meta-analysis by Traeger et al. cases of hepatitis C are very

rare among PrEP users and are associated with specific epi-

demiological characteristics.22 Although some studies look at

mycoplasma genitalium (MG) among PrEP users,23 the CDC does

not recommend routine screening for this emerging pathogen

in asymptomatic PrEP users, so no data were included in  this

study.24

In a cohort of PrEP users in  France, 18.7% of rectal cases of CT

were LGV.25 In our study, 21.8% of all cases of CT were LGV, the vast

majority of which were rectal. Detecting LGV seems to be essential

when it comes to the rectum, but less so in the pharynx or urethra,

especially without strong suspicion.

The implementation of PrEP, which is increasingly in demand,

poses additional challenges such as the continuity of  the pro-

gramme  to adapt to the resources and the user. Self-testing could

be an effective and expeditious method for STI screening among

asymptomatic users. No significant differences in  STI incidence

were found when self-testing was implemented, as in  previous

studies.26 In this study, alternatives to quarterly STI screening were

analysed by modifying the frequency and tests to be performed.

If STI  screening were to  be carried out every six months, 45% of

STIs would remain undiagnosed. These data are superimposable

to those described in  the AmPrEP cohort, where the diagnostic

delay would have been 52% and 30% if unscheduled visits were

included.21 Therefore, according to  our study, reducing the fre-

quency does not seem to  be the best option to achieve early

diagnosis and avoid chains of transmission. However, in  the case

of syphilis, screening every six months did not significantly reduce

the incidence of STIs. There was also no significant reduction in

incidence if pharyngeal or urethral swabs were not collected, espe-

cially among those over 35 years of age. These results support the

possibility of optimising the frequency of screening by taking into

account the tests to be performed at each visit.

In addition, it should be borne in  mind that not everyone will

derive the same benefit from a  given STI screening. A PrEP cohort

in Australia reported that 76% of STIs recurred in the same 25%

of users.27 This demonstrates the great heterogeneity that exists

among PrEP users. Risk factors for STIs among PrEP users include

being under 35 years of age, having multiple sexual partners and

5
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Figure 4. Number of infections missed per  year per user by different screening models among PrEP users between 2017 and 2023. The percentages show the relative

reduction  of IR according to each strategy.

engaging in chemsex.28 This study provides data to optimise STI

screening among PrEP users. However, it should be  individualised

according to each user’s practices, so it is essential to conduct and

update a detailed sexual history. In addition, optimising STI screen-

ing at scheduled visits would allow resources to  be distributed and

directed to those unscheduled visits associated with clinical or epi-

demiological suspicion, where a higher diagnostic yield has been

observed.21

This study had some limitations: information collected on

sexual practices and clinical manifestations were not taken into

account in the analysis; relevant information to be considered in

future analyses. However, since this was a  cohort of PrEP users with

long follow-up and close monitoring, it allowed for extensive data

collection.

Conclusions

The incidence of STIs among PrEP users, particularly regarding

the rectal location, is high, but does not  increase over the years.

Scheduled STI screening could be optimised through self-testing,

six-monthly syphilis serology and reducing the frequency of STI

testing in pharyngeal and urethral sites, especially in asymptomatic

individuals over 35 years of age. It is essential to have resources

available for unscheduled visits, which have been shown to be  a

more cost-effective screening tool.

Conflicts of interest

The authors declare that they have no conflicts of interest.

Appendix A. Supplementary data

Supplementary material related to this arti-

cle can be  found, in the online version, at

doi:https://doi.org/10.1016/j.eimce.2024.03.004.

References

1. ONUSIDA. Prevención del VIH para 2025 -  Hoja de  ruta -  En mar-
cha  para acabar con el sida como amenaza para la salud pública
en  2030. 30 de julio de 2022. Available from: https://www.unaids.
org/sites/default/files/media asset/prevention-2025-roadmap es.pdf.

2. U.S. Department of Health & Human Services /U.S. Food &  Drug Administra-
tion. Truvada for PrEP Fact Sheet: Ensuring Safe and Proper Use. 2012. Available
from: https://www.fda.gov/files/drugs/published/Truvada-for-PrEP-Fact-Sheet
–Ensuring-Safe-and-Proper-Use.pdf.

3. McCormack S, Dunn DT, Desai M,  Dolling DI, Gafos M,  Gilson R, et  al. Pre-
exposure prophylaxis to  prevent the acquisition of HIV-1 infection (PROUD):
effectiveness results from the pilot phase of a pragmatic open-label randomised
trial. Lancet Lond Engl. 2016;387:53–60.

4. Molina JM,  Charreau I, Spire B, Cotte L,  Chas J, Capitant C,  et  al. Efficacy, safety,
and  effect on sexual behaviour of on-demand pre-exposure prophylaxis for HIV
in men  who have sex with men: an observational cohort study. Lancet HIV.
2017;4:e402–10.

5. Preexposure prophylaxis for the prevention of HIV infection
in the United States – 2017 update a  clinical practice guide-
line.  Cent Dis Control Ad Prev  CDC. 2014. Available from:
https://www.cdc.gov/hiv/pdf/risk/prep/cdc-hiv-prep-guidelines-2017.pdf.

6

https://doi.org/10.1016/j.eimce.2024.03.004
https://www.unaids.org/sites/default/files/media_asset/prevention-2025-roadmap_es.pdf
https://www.unaids.org/sites/default/files/media_asset/prevention-2025-roadmap_es.pdf
https://www.fda.gov/files/drugs/published/Truvada-for-PrEP-Fact-Sheet--Ensuring-Safe-and-Proper-Use.pdf
https://www.fda.gov/files/drugs/published/Truvada-for-PrEP-Fact-Sheet--Ensuring-Safe-and-Proper-Use.pdf
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0005
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0010
https://www.cdc.gov/hiv/pdf/risk/prep/cdc-hiv-prep-guidelines-2017.pdf


ARTICLE IN PRESS
G Model

O. Ayerdi, E. Orviz, A. Valls Carbó et al. Enfermedades Infecciosas y Microbiología Clínica xxx xxxx xxx–xxx

6. WHO  Expands recommetion on oral pre-exposure prophylaxis to prevent the
acquisition of HIV infection (PrEP). World Health Organization; 2015.

7. GeSIDA, Available from: http://.gesida-seimc.org/category/guias-clinicas/otras
-guias-vigentes/

8. U.S. Food & Drug Administration. La FDA aprueba un segundo medica-
mento para prevenir las infecciones de VIH como parte de sus
esfuerzos continuos para poner fin a  la  epidemia de VIH. FDA News
Release. US Food & Drug Administration. 2019 Oct 3. Available from:
https://www.fda.gov/news-events/press-announcements/la-fda-aprueba-un-
segundo-medicamento-para-prevenir-las-infecciones-de-vih-como-parte-de
-sus.

9. Delany-Moretlwe S, Hughes JP, Bock P, Ouma SG, Hunidzarira P, Kalonji
D, et al. Cabotegravir for the  prevention of HIV-1 in  women: results from
HPTN  084, a phase 3,  randomised clinical trial. Lancet. 2022;399:1779–89,
http://dx.doi.org/10.1016/S0140-6736(22)00538-4.

10.  Plan Nacional sobre el  sida-Grupo de Expertos PrEP. Ministerio de
Sanidad, Servicios Sociales e Igualdad. Profilaxis Preexposición al VIH en
España. Enero 2018. Available from: https://www.sanidad.gob.es/ciudadanos/
enfLesiones/enfTransmisibles/sida/docs/PROFILAXIS PREEXPOSICION VIH.pdf.

11. bib0195oref0055UNAIDS. PrEP target-setting for key and high-priority
populations estimating the number at  risk. Reference 2021. Available from:
https://jointsiwg.unaids.org/wp-content/uploads/2022/01/1.PrEP-target-setting
online.pdf.

12. Traeger MW,  Schroeder SE,  Wright EJ, Hellard ME, Cornelisse VJ, Doyle JS, et  al.
Effects of pre-exposure prophylaxis for the prevention of human immunodefi-
ciency virus infection on  sexual risk behavior in men  who  have sex with men: a
systematic review and meta-analysis. Clin Infect Dis. 2018;67:676–86.

13. Hoornenborg E, Coyer L, Achterbergh RCA, Matser A, Schim van der
Loeff MF,  Boyd A, et al. Sexual behaviour and incidence of HIV and
sexually transmitted infections among men  who have sex with men
using  daily and event-driven pre-exposure prophylaxis in AMPrEP: 2
year results from a demonstration study. Lancet HIV. 2019;6:e447–55,
http://dx.doi.org/10.1016/S2352-3018(19)30136-5.

14.  Van Wifferen F, Hoornenborg E, Schim van der Loeff MF,  et al. Cost-
effectiveness of two screening strategies for Chlamydia trachomatis and
Neisseria gonorrhoeae as part of the PrEP programme in the  Nether-
lands: A modelling study. Sexually Transmitted Infections. 2021;97:607–12,
http://dx.doi.org/10.1136/sextrans-2020-054741.  Epub 2021 Jan 11. PMID:
33431605.

15.  Hart TA, Noor SW,  Berlin GW, Skakoon-Sparling S, Tavangar F, Tan D,
et  al. Pre-exposure prophylaxis and bacterial sexually transmitted infections
(STIs) among gay and bisexual men. Sex Transm Infect. 2023;99:167–72,
http://dx.doi.org/10.1136/sextrans-2021-055381.  Epub 2022 Jun 14. PMID:
35701145; PMCID: PMC10176373.

16. Ramchandani MS,  Golden MR.  Confronting rising STIs in the era of
PrEP  and treatment as prevention. Curr HIV/AIDS Rep. 2019;16:244–56,
http://dx.doi.org/10.1007/s11904-019-00446-5. PMID: 31183609; PMCID:
PMC6582987.

17.  Quaife M, MacGregor L, Ong JJ, Gafos M,  Torres-Rueda S, Grant H, et al. Risk com-
pensation and STI  incidence in PrEP programmes. Lancet HIV. 2020;7:e222–3,
http://dx.doi.org/10.1016/S2352-3018(19)30333-9. Epub 2019 Nov 22. PMID:
31767536.

18. Estrategias mundiales del sector de la salud contra el VIH, las hepatitis víri-
cas  y  las infecciones de transmisión sexual para el periodo 2022-2030 [Global

health sector strategies on, respectively, HIV, viral hepatitis and sexually trans-
mitted infections for the period 2022-2030]. Ginebra: Organización Mundial de
la  Salud; 2022.

19. Unidad de vigilancia de VIH, ITS y hepatitis B y C. Vigilancia epidemiológica de
las infecciones de  transmisión sexual, 2021. Centro Nacional de  Epidemiología,
Instituto de Salud Carlos III/División de Control de VIH, ITS, Hepatitis virales y
Tuberculosis, Dirección General de Salud Pública; 2023.

20.  Schmidt D,  Kollan C,  Bartmeyer B, Bremer V, Schikowski T, Friebe M,  et  al. Low
incidence of HIV  infection and decreasing incidence of sexually transmitted
infections among PrEP users in 2020 in Germany. Infection. 2023;51:665–78,
http://dx.doi.org/10.1007/s15010-022-01919-3.  Epub 2022 Sep 27. PMID:
36168098; PMCID: PMC9514183.

21. Jongen VW,  Zimmermann HML, Goedhart M,  Bogaards JA, Davidovich U,
Coyer L, et al. Can we screen less frequently for STI among PrEP users?
Assessing the effect of biannual STI screening on timing of diagnosis and
transmission risk in the AMPrEP Study. Sex Transm Infect. 2023;99:149–55,
http://dx.doi.org/10.1136/sextrans-2022-055439.  Epub 2022 May 18. PMID:
35584898; PMCID: PMC10176338.

22. Traeger MW, Harney BL, Sacks-Davis R, van Santen DK, Cornelisse VJ,
Wright EJ, et  al. Incidence and prevalence of hepatitis c virus among
HIV-negative gay and bisexual men using HIV pre-exposure prophylaxis
(PrEP): A systematic review and meta-analysis. Open Forum Infect Dis.
2023;10:ofad401, http://dx.doi.org/10.1093/ofid/ofad401.  PMID:  37593532;
PMCID: PMC10428087.

23. Jansen K,  Steffen G,  Potthoff A, Schuppe AK,  Beer D,  Jessen H, et  al. STI  in times
of PrEP: high prevalence of chlamydia, gonorrhea, and mycoplasma at different
anatomic sites in men who have sex with men in Germany. BMC  Infect Dis.
2020;20:110, http://dx.doi.org/10.1186/s12879-020-4831-4.  PMID: 32033533;
PMCID: PMC7007644.

24. Workowski KA,  Bachmann LH, Chan PA, Johnston CM,  Muzny CA, Park I,  et  al. Sex-
ually transmitted infections treatment guidelines, 2021. MMWR  Recomm Rep.
2021;70:1–187, http://dx.doi.org/10.15585/mmwr.rr7004a1. PMID: 34292926;
PMCID: PMC8344968.

25. Peuchant O,  Touati A, Laurier-Nadalié C, Hénin N, Cazanave C,  Bébéar C,
et  al. Prevalence of lymphogranuloma venereum among anorectal Chlamydia
trachomatis-positive MSM  using pre-exposure prophylaxis for HIV. Sex Transm
Infect. 2020;96:615–7, http://dx.doi.org/10.1136/sextrans-2019-054346.  Epub
2020 Apr 17. PMID: 32303577.

26. O’Byrne P, Musten A, Orser L, Buckingham S. Automated STI/HIV risk assess-
ments: Testing an online clinical algorithm in Ottawa, Canada. Int J  STD AIDS.
2021;32:1365–73, http://dx.doi.org/10.1177/09564624211031322.  Epub 2021
Sep 10. PMID: 34507508; PMCID: PMC8649814.

27. Traeger MW,  Cornelisse VJ, Asselin J, Price B, Roth NJ, Willcox J, et al.
Association of HIV  preexposure prophylaxis with incidence of sexually
transmitted infections among individuals at high risk of HIV infection.
JAMA.  2019;321:1380–90, http://dx.doi.org/10.1001/jama.2019.2947.  PMID:
30964528; PMCID: PMC6459111.

28. Ayerdi Aguirrebengoa O,  Vera García M,  Arias Ramírez D, Gil  García N,
Puerta López T,  Clavo Escribano P, et  al. Low use of condom and high
STI incidence among men  who have sex with men in PrEP programs.
PLoS One. 2021;16:e0245925, http://dx.doi.org/10.1371/journal.pone.0245925.
PMID: 33539363; PMCID: PMC7861516.

7

http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0015
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0015
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0015
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0015
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0015
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0015
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0015
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0015
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0015
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0015
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0015
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0015
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0015
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0015
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0015
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0015
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0015
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0015
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0015
http://.gesida-seimc.org/category/guias-clinicas/otras-guias-vigentes/
http://.gesida-seimc.org/category/guias-clinicas/otras-guias-vigentes/
https://www.fda.gov/news-events/press-announcements/la-fda-aprueba-un-segundo-medicamento-para-prevenir-las-infecciones-de-vih-como-parte-de-sus
https://www.fda.gov/news-events/press-announcements/la-fda-aprueba-un-segundo-medicamento-para-prevenir-las-infecciones-de-vih-como-parte-de-sus
https://www.fda.gov/news-events/press-announcements/la-fda-aprueba-un-segundo-medicamento-para-prevenir-las-infecciones-de-vih-como-parte-de-sus
dx.doi.org/10.1016/S0140-6736(22)00538-4
https://www.sanidad.gob.es/ciudadanos/enfLesiones/enfTransmisibles/sida/docs/PROFILAXIS_PREEXPOSICION_VIH.pdf
https://www.sanidad.gob.es/ciudadanos/enfLesiones/enfTransmisibles/sida/docs/PROFILAXIS_PREEXPOSICION_VIH.pdf
https://jointsiwg.unaids.org/wp-content/uploads/2022/01/1.PrEP-target-setting_online.pdf
https://jointsiwg.unaids.org/wp-content/uploads/2022/01/1.PrEP-target-setting_online.pdf
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
http://refhub.elsevier.com/S2529-993X(24)00065-0/sbref0030
dx.doi.org/10.1016/S2352-3018(19)30136-5
dx.doi.org/10.1136/sextrans-2020-054741
dx.doi.org/10.1136/sextrans-2021-055381
dx.doi.org/10.1007/s11904-019-00446-5
dx.doi.org/10.1016/S2352-3018(19)30333-9
dx.doi.org/10.1007/s15010-022-01919-3
dx.doi.org/10.1136/sextrans-2022-055439
dx.doi.org/10.1093/ofid/ofad401
dx.doi.org/10.1186/s12879-020-4831-4
dx.doi.org/10.15585/mmwr.rr7004a1
dx.doi.org/10.1136/sextrans-2019-054346
dx.doi.org/10.1177/09564624211031322
dx.doi.org/10.1001/jama.2019.2947
dx.doi.org/10.1371/journal.pone.0245925

	Incidence of sexually transmitted infections and screening models among pre-exposure prophylaxis users
	Introduction
	Methodology
	Study design
	Diagnostic techniques
	Statistical analysis
	Ethical aspects

	Results
	Discussion
	Conclusions
	Conflicts of interest
	Appendix A Supplementary data
	References


