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Abstract

Background

In the past years, we observed a sharp increase of Syphilis, especially among male who

have sex with male (MSM), either HIV-infected, or on pre-exposure prophylaxis (PrEP). Our

aim was to assess syphilis prevalence and incidence among people living with HIV (PLWH)

and PrEP users.

Methods

PLWH were included from 2010 to 2020 and PrEP users from 2016 to 2020 from the

Dat’AIDS French cohort. We calculated syphilis prevalence and incidences for first infec-

tions, re-infections, and iterative infections (> 2 times). T-Tests, Wilcoxon tests and Chi2

test were used for descriptive analysis and multivariate logistic regression models were

used to estimate Odds ratios (OR) and 95% confidence intervals (95% CI) for factors associ-

ated with syphilis.

Results

Among the 8 583 PLWH, prevalence of subject with past or present syphilis was 19.9%.

These subjects were more likely MSM or transgender and aged over 35 years, but preva-

lence was lower in AIDS subjects. Same pattern was seen for incident infection and re-infec-

tion. Incidence was 3.8 per 100 person-years for infection and 6.5 per 100 person-years for

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0268670 May 19, 2022 1 / 15

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Lemmet T, Cotte L, Allavena C, Huleux T,

Duvivier C, Laroche H, et al. (2022) High syphilis

prevalence and incidence in people living with HIV

and Preexposure Prophylaxis users: A

retrospective review in the French Dat’AIDS cohort.

PLoS ONE 17(5): e0268670. https://doi.org/

10.1371/journal.pone.0268670

Editor: Giuseppe Vittorio De Socio, Azienda

Ospedaliera Universitaria di Perugia, ITALY

Received: November 22, 2021

Accepted: May 3, 2022

Published: May 19, 2022

Peer Review History: PLOS recognizes the

benefits of transparency in the peer review

process; therefore, we enable the publication of

all of the content of peer review and author

responses alongside final, published articles. The

editorial history of this article is available here:

https://doi.org/10.1371/journal.pone.0268670

Copyright: © 2022 Lemmet et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant datasets

for People living with HIV (PLWH) and PrEP users

whose data had been analyzed in our study are

https://orcid.org/0000-0002-5279-4733
https://orcid.org/0000-0003-1010-1270
https://orcid.org/0000-0003-0117-3061
https://doi.org/10.1371/journal.pone.0268670
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0268670&domain=pdf&date_stamp=2022-05-19
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0268670&domain=pdf&date_stamp=2022-05-19
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0268670&domain=pdf&date_stamp=2022-05-19
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0268670&domain=pdf&date_stamp=2022-05-19
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0268670&domain=pdf&date_stamp=2022-05-19
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0268670&domain=pdf&date_stamp=2022-05-19
https://doi.org/10.1371/journal.pone.0268670
https://doi.org/10.1371/journal.pone.0268670
https://doi.org/10.1371/journal.pone.0268670
http://creativecommons.org/licenses/by/4.0/


re-infection. Among 1 680 PrEP users, syphilis prevalence was 25.8%, with an estimated

7.2% frequency of active syphilis. Risk of syphilis infection was higher in male and increased

with age. Incidence was 11.2 per 100 person-years for infection and 11.1 per 100 person-

years for re-infection.

Conclusion

Syphilis prevalence and incidence were high, especially in older MSM with controlled HIV

infection and PrEP users, enhancing the need to improve syphilis screening and behavioral

risk reduction counseling among high-risk subjects.

Introduction

Syphilis is a sexually transmitted infection (STI) caused by the bacteria Treponema pallidum. It

is a worldwide spread infection, highly prevalent among male who have sex with male (MSM),

and infects an average of 11.8% of MSM in reporting countries in 2019 according to the World

Health Organization. Untreated, syphilis can cause serious complications, and increases the

risk of human immunodeficiency virus (HIV) acquisition [1–4]. The association between HIV

and syphilis can be explained by behavioral factors but also because of pathological mecha-

nisms, such as facilitated HIV acquisition through ulcer and genital inflammation caused by

syphilis [5–7].

In 2018 in France, 1762 new diagnoses of early syphilis have been notified, of which 79%

occurred in MSM. Although the number of reported cases seems to stabilize since 2016, it

remains higher than in 2010, and 32% of the MSM were co-infected with HIV according to

“Santé Publique France” [8]. Due to biologic and epidemiologic associations between syphilis

and HIV infection [9], this rate remains concerning.

Pre-Exposure Prophylaxis (PrEP), introduced in France in 2016 following demonstration

of its effectiveness in reducing HIV acquisition in high-risk populations [10, 11], has been

increasingly prescribed. As a result, increase in unsafe sex [12] has been described. Some stud-

ies have shown that PrEP users are more at risk of bacterial STIs [13, 14], including syphilis,

and it has been suggested that syphilis was associated with HIV incidence among MSM taking

PrEP [15]. Therefore, as for HIV, monitoring populations at risk for syphilis is becoming more

relevant for targeting prevention and treatment to decrease syphilis transmission.

The objectives of this study are to evaluate the prevalence of syphilis, whether earlier or

older, in a cohort including people living with HIV (PLWH) and subjects taking PrEP in

France, and to explore the incidence of new infection and subsequent re-infection of syphilis

during their medical follow-up, between 2010 and 2020 for PLWH, and from 2016 for PrEP

users.

Materials and methods

Study design

This multicenter retrospective analysis was performed using longitudinal data from the French

Dat’AIDS cohort (NCT 02898987 ClinicalTrials.gov) [16]. In 2010, Dat’AIDS represented a

collaboration between 17 major French HIV clinical centers that used a common electronic

medical record system (NADIS1 software) for the follow-up of PLWH, hepatitis B virus
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(HBV) or hepatitis C virus (HCV). Concerning PrEP users, data were collected through a spe-

cific module of the NADIS1 program dedicated to sexual health implemented in 2016.

Data collection was approved by the French National Commission on Informatics and Lib-

erty (CNIL 2001/762876; MR004 2210731v.0). All subjects signed an informed consent form

before being included in this database. Patient-related data obtained during medical encoun-

ters are recorded in a structured database. Data quality is ensured by automated checks during

data capture, regular controls, annual assessments, and ad hoc processes before any scientific

analysis is performed.

French guidelines recommend testing PLWH for STIs, including syphilis, at initial medical

examination, then at least once a year or according to clinical signs and/or risky sexual behav-

iors. For PrEP subjects, it is recommended to screen STIs including syphilis at initial visit, 1

month after PrEP initiation, and then every 3 months.

The aim of this study is to estimate prevalence and incidence of syphilis among a cohort of

subjects either living with HIV or under PrEP treatment.

Study population

For this study, we selected PLWH followed-up between January 1st 2010 and December 31st

2019 in the Dat’AIDS database, with a treponemal test available within 30 days after initial

medical assessment. Different treponemal tests were used: qualitative TPHA (Treponema pal-

lidum Haemagglutination) or FTA (Fluorescent Treponemal Assay) or ELISA (enzyme immu-

noassay) or CMIA (Chemiluminescence Microparticle Enzyme Immunoassay). Non-

treponemal tests were also used: either VDRL (Venereal Disease Research Laboratory) or RPR

(Rapid Plasma Reagin), which both give quantitative results when positive. In France, before

2018, a serological syphilis evaluation always included a combination of treponemal and non-

treponemal tests, while from June 2018, a treponemal test was first recommended, and only

when positive, completed in a second step by a non-treponemal test.

Due to the guidelines change in 2018, we did not dispose of treponemal and non-trepone-

mal tests for all of the subject at baseline. Thus, we assessed the prevalence of positive trepone-

mal tests at baseline, which gather subjects with either past or early syphilis, whereas patients

with a negative treponemal test at baseline included all subjects without syphilis history nor

current disease. We were not able to formally differentiate past and early syphilis by using

non-treponemal test, as it is difficult to define a titer cut-off for this purpose. Nevertheless, we

tried this analysis with a 1/8 cut-off.

Measures

Treponemal tests were considered as positive when qualitative TPHA, FTA, ELISA or CMIA

were positive.

Collected data consisted in demographic characteristics including age and gender for both

group of subjects. For PLWH, HIV risk factor, 1993 CDC classification, HIV viral load and

CD4 cell count at inclusion were collected at the same time as the syphilis serology.

Incident first infection. It corresponds to the first positive treponemal test during follow-

up, when negative at inclusion. Follow-up duration is defined by the time elapsed between ini-

tial assessment date at inclusion, and either the date of first positive treponemal test (first infec-

tion), or the date of the last available negative syphilis test (non-infection).

Incident re-infection. For all infected subjects, cases of incident re-infection were defined

by positivation of a previously negative non-treponemal test (VDRL or RPR) or by a 2 dilu-

tions increase in quantitative VDRL after at least 90 days following first positive treponemal

test. Cut off was set at 90 days as it is the recommended delay for re-assessing VDRL after
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treatment of a primary syphilis [17]. Of note, we assumed that any VDRL increase at 90 days

or more is a re-infection; therefore, we omit the possibility of an undiagnosed and untreated

syphilis.

Follow-up duration is defined by the time elapsed between initial assessment date, and

either the date of first VDRL positivation or of 2 dilutions increase in quantitative VDRL, or

the date of last available negative test (absence of re-infection).

Iterative infections (> 2 times). Iterative infections were defined as any re-infections

which occurred more than twice in the same subject, according to the criteria of re-infection:

negative VDRL test which becomes positive, or a 2 dilution increase of quantitative VDRL, in

subjects with positive treponemal test.

Statistical analysis

The associations between covariates and the outcome were teste in bivariate analyses using

T-Tests or Wilcoxon tests (when normality assumption was not respected) for continuous var-

iables, and Chi2 tests for categorical variables. Continuous variables are presented as means

and standard deviations (SD), or if non-normal as medians and interquartile ranges (IQR).

Categorical variables are presented as numbers with percentages for each category.

We used a multivariate logistic regression model to investigate the probability to be infected

or re-infected adjusted on covariates in HIV subjects and in PrEP users separately. Consider-

ing the incompleteness of the chronological data, we decided not to proceed to a survival

analysis.

The model run for HIV subjects was adjusted on age, sex, sex of sexual partners, CDC

Stage, HIV viral load, CD4 level, CD8 level and year of syphilis diagnosis.

For PrEP users, the model conducted was adjusted on age, sex, and year of syphilis

diagnosis.

These variables were selected from the literature as factors potentially associated with the

risk of syphilis infection. The underlying assumptions of the multivariate logistic regression

were tested and the residuals analysed. No violations were found and the goodness of fit of the

model was good.

All analyses were run using R v.3.1.2 along with its integrated development environment,

RStudio.

Results

Participant characteristics at baseline

Between January 1st 2010 and December 31st 2019, 9 040 subjects living with HIV and 1 680

PrEP users were included with valid treponemal test, among 71 214 PLWH, and 7 445 PrEP

users constituting the Dat’AIDS cohort. PLWH with baseline CD4 and HIV viral load missing

data (n = 429) were excluded, as well as 10 and 18 PLWH, because of discordant serology

within 30 days after baseline assessment and file inconsistency, respectively. The final study

population (Fig 1) included 8 585 subjects living with HIV and 1 680 PEP users. Participant

characteristics are shown in Table 1.

Baseline syphilis prevalence

At baseline, we reported 1 708 PLWH (19.9%) and 434 PrEP users (25.8%) with a positive trep-

onemal test (Table 1).
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PLWH with syphilis were mostly male (92.4% vs. 69.2%, p<0.001) and MSM (77.6%

vs.44%, p<0.001). There was no significant difference in syphilis infection rate according to

HIV viral load at baseline.

In multivariable model, female had a lower risk of being infected by syphilis at baseline

than male (OR (95% CI) = 0.31(0.24; 0.39)). Transgenders had a higher risk compared to male

(OR (95% CI) = 1.81 (1.14; 2.86)). Moreover, the risk of syphilis increased with age (higher

risk in 35–47 years old subjects and 47–88 years old subjects compared to 15–35 ones (OR

(95% CI) respectively at 1.34 (1.16; 1.54) and 1,37 (1.18; 1.58)), was higher in MSM compared

to heterosexual subjects and those with other HIV risk factors (OR (CI 95%) = 3,05 (2.60; 3.58)

and 1.44 (1.10; 1.86) respectively), and lower in CDC Stage C subjects (OR (95% CI) = 0.80

(0.66; 0.96)).

Fig 1. Flowchart.

https://doi.org/10.1371/journal.pone.0268670.g001

PLOS ONE High syphilis prevalence and incidence in people living with HIV and Preexposure Prophylaxis users

PLOS ONE | https://doi.org/10.1371/journal.pone.0268670 May 19, 2022 5 / 15

https://doi.org/10.1371/journal.pone.0268670.g001
https://doi.org/10.1371/journal.pone.0268670


For PrEP users, 434 were infected at baseline (25.8%). After adjustment, female were at

lower risk of being infected by syphilis than male (OR (95% CI) = 0.17(0.01; 0.82)), and trans-

genders (only male to female were involved) had a higher risk (OR (95% CI) = 3.40 (1.75;

6.59). As for PLWH subjects, risk of infection increased with age: subjects aged 32–43 and 43–

78 had a higher risk compared to subjects aged 18–32 (OR (95% CI) = 1.49 (1.12; 1.99) and

1.54 (1.16; 2.04) respectively).

Adjusted odds ratios for factors associated with syphilis infection at baseline are shown in

Fig 2.

Estimation of early syphilis according to quantitative VDRL

Concomitant quantitative VDRL was available for 56% of PLWH with a positive treponemal

test, of whom 54.1% had a VDRL� 1/8. When extrapolating this data to our whole population,

we can estimate the prevalence of PLWH with a VDRL�1/8 at baseline to be 10.8%.

Table 1. Characteristics of participants at enrollment.

Characteristics HIV No. (%) PrEP No. (%)

Total 8585 1680

Syphilis

Negative, n(%) 6875 (80.1) 1246 (74.17)

Positive, n(%) 1708 (19.9) 434 (25.83)

Type treponemal test

TPHA qualitative, n(%) 7812 (91.02) 1140 (67.86)

FTA, n(%) 60 (0.7) 0 (0)

CMIA Qualitative, n(%) 342 (3.98) 25 (1.49)

ELISA, n(%) 369 (4.3) 515 (30.65)

Gender

Male, n(%) 6332 (73.77) 1621 (96.49)

Female, n(%) 2173 (25.32) 20 (1.19)

Transgender Man to Woman, n(%) 78 (0.91) 38 (2.26)

Transgender Woman to Man, n(%) 0 (0) 1 (0.06)

Age

Mean (SD) 42.5 (12.8) 38.5 (10.7)

Median (IQR) 41 (33–51) 37 (30–47)

Sex of sexual partners

MSM, n(%) 4350 (50.68)

Heterosexual, n(%) 3589 (41.82)

Unknown, n(%) 644 (7.5)

AIDS (CDC Stage C) 1213 (14.13)

CD4 count (baseline)

Mean (SD) 691 (352)

Median (IQR) 650 (462–879)

> = 500, n(%) 6032 (70.28)

[200;500], n(%) 2148 (25.03)

< 200, n(%) 403 (4.70)

HIV Viral load baseline < = 50, n(%) 7614 (88.71)

TPHA: Treponema pallidum Haemagglutination; FTA: Fluorescent Treponemal Assay; CMIA: Chemiluminescence

Microparticle Enzyme Immunoassay; ELISA: enzyme immunoassay; MSM: Male who have sex with male; AIDS:

acquired immune deficiency syndrome.

https://doi.org/10.1371/journal.pone.0268670.t001
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Similarly, concomitant quantitative VDRL was available for 54.4% of PrEP users with syph-

ilis at baseline, of whom 28.0% had a VDRL� 1/8., giving an estimation of 7.2% of PrEP users

with a VDRL�1/8.

Incident first infection

Among 8121 subjects free of syphilis at baseline screening, i.e. 6875 PLWH and 1246 PrEP

users, 1013 (12.5%) were infected during follow-up, including 861 PLWH (12.5%) and 152

subjects under PrEP (12.2%). These infections occurred between 33 days and 21 years after

first treponemal test, with a median of 2 years and 5 months.

Men represented 95% of infections in PLWH, of whom 86% were MSM. Infected and non-

infected subjects had the same age (mean: 42.4 vs 42 years, p = 0.32). Among infected subjects,

AIDS was less frequent (9.8% vs 15.6% p<0.001) and CD4 cell count was higher (mean of 779

vs 670 p<0.001).

In multivariable model, we observed the same conclusions as at baseline (Fig 3). Female

were at lower risk than male to be infected by syphilis (OR (95% CI) = 0.28 (0.18; 0.43)), while

there was no difference between male and transgenders (OR (95% CI) = 1,04 (0.49; 2.06)).

Older subjects had a greater risk of being infected (between 35–47 years old and 15–35 years

old, OR (95% CI) = 1.81 (1.49; 2.21)). MSM and subjects with other HIV risks factors had a sig-

nificantly higher risk compared to heterosexuals (OR (CI 95%) = 6.60 (5.10; 8.66); and 1.65

(1.05; 2.53) respectively). Finally, CDC stage 3 subjects had a lower risk (OR (95% CI) = 0.99

(0.75; 1.30)) as well as subjects with a detectable viral load at baseline (OR (95% CI) = 0.63

(0.45; 0.86)).

Concerning subjects on PrEP, a total of 152 were diagnosed with syphilis during follow up

(Fig 3). They were older than non-infected subjects, with a median age of 38.5 years (vs 36) but

the difference was not significant. The studied population did not include any female and only

Fig 2. Adjusted odds ratios for factors associated with syphilis infection at baseline among participants.

https://doi.org/10.1371/journal.pone.0268670.g002
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one transgender (male to female). As for PLWH, age was also associated to the risk of syphilis

infection, (higher risk in 32–43 years old compared to 18–32 years old (OR (95% CI) = 1.99

(1.29; 3.11)).

Incident re-infections

During follow up, 785 (24.9%) subjects were reinfected at least once among those with an his-

tory of syphilis (i.e. either with a positive treponemal test at baseline, or with incident first

infection), including 685 PLWH and 100 on PrEP, resulting in a re-infection rate of 26.7% and

17.1% respectively.

Among 685 reinfected PLWH, most of them were MSM (90.4%), aged 35–47 (40.6%) or

older than 47 years (34.3%), with an earlier clinical stage of HIV infection (86.4% CDC A) and

a higher CD4 cell count (median 749 vs 686).

After adjustment (Fig 4), female had a lower risk of being reinfected by syphilis than male

(OR (95% CI) = 0.51 (0.23; 1.02)). The risk of re-infection increased with age, as subjects aged

35–47 had a higher risk than those aged 15–35 (OR (95% CI) = 1.31 (1.04; 1.67)) and was

higher among MSM (OR (CI 95%) = 2.71 (1.89; 3.96). In addition, having a detectable viral

load or a CD4 cells count below 200/μL at baseline were associated with a lower risk of re-

infection (OR (95% CI) = 0.44 (0.29; 0.65) and OR (95% CI) = 0.35 (0.19; 0.84) respectively).

Concerning PrEP subjects, risk of re-infection did not differ according to age. Sex was not

studied as there was only one female in this population.

Iterative infections (> 2 times)

Among 685 reinfected PLWH, 32.7% (n = 224) were reinfected more than once (2 to 6 times).

Among 100 reinfected PrEP subjects, 19% (n = 19) were reinfected more than once (2 to 3

times).

Fig 3. Adjusted odds ratios for factors associated with syphilis infection during follow up among participants.

https://doi.org/10.1371/journal.pone.0268670.g003
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Incidence rate

Incidence rate of first syphilis infection among PLWH was 3.75 cases per 100 person-years,

with a total person-time of observation (follow up time) of 22834 years, and for PrEP users was

11.22 cases per 100 person-years, with a total person-time of observation of 1355 years. Inci-

dence rate of syphilis re-infection among PLWH was 6.48 cases per 100 person-years, with a

total person-time of observation (follow up time) of 10566 years, while it was 11.08 cases per

100 person-years for PrEP users, with a total person-time of observation (follow up time) of

902 years.

Of note, there were no available follow up data for 1781 PLWH (20.8%) and for 339 PrEP

users (20.2%), for whom we disposed only of their baseline data. Thus, they were not consid-

ered in the analysis.

Discussion

In this study, we found a high prevalence of syphilis among PLWH (19.9%) at initial examina-

tion, but this result did not differentiate early syphilis from a persistent positive antibody test

after treatment; therefore, comparisons with other studies are somewhat difficult. Neverthe-

less, and according to our estimation using quantitative VDRL data, 10.8% of PLWH pre-

sented with an active syphilis at initial examination. It is consistent with latest data of the

literature: according to CDC report of 2018, 7% of HIV-positive MSM attending selected STI

clinics were diagnosed with primary or secondary syphilis [18]. A recent study in Turkey from

2010 to 2018 found a 8% prevalence of syphilis and HIV co-infection [19], while more recently,

a similar study in Thailand found an even higher prevalence of syphilis (14.3%) in acute HIV-

infected MSM [20].

Risk factors associated with initial syphilis among PLWH were male sex or transgender, age

older than 35 years, MSM, and controlled HIV infection on ART (antiretroviral therapy). The

Fig 4. Adjusted odds ratios for factors associated with syphilis re-infection during follow-up among participants.

https://doi.org/10.1371/journal.pone.0268670.g004
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same pattern was seen for incident infection during follow up, and it was even more obvious

regarding re-infection. Thus, non-controlled HIV infection at baseline was associated with a

lower risk of syphilis infection or re-infection, as shown by a lower re-infection rate in subjects

at CDC C stage, or with a detectable viral load, or with a CD4 cell count below 200/ μL. Percep-

tion of HIV transmission risk while HIV was not controlled might explain behavior adapta-

tion, resulting to lower syphilis infections. Concerning older age as a risk factor for a positive

syphilis serology at inclusion, our hypothesis is that the risk would rather be linked to a

repeated exposition to syphilis over time, which increases the risk of infection. In this cohort,

re-infection rate was alarming among PLWH, as it concerned more than one on four subjects

coinfected at baseline (26.7%). Moreover, it seemed that some subjects are particularly

affected, as 32.9% of them were reinfected more than once. Incidence rate was 3.77 cases per

100 person-years for infection, and 6.47 cases per 100 person-years for re-infection, confirm-

ing that syphilis occurs more frequently in previously infected subjects, and reflecting the lack

of prevention measures. As a comparison, a recent study found a comparable incidence rate of

syphilis of 4,7 per 100 person-years in a cohort of PLWH from the United States [21]. How-

ever, unlike ours, this study found higher rates among younger MSM and those with detectable

HIV viral load. Another study from Thailand [20] found an incidence of syphilis of 10.2 per

100 person-years, with a re-infection rate of 41.4%. Some studies have shown that syphilis

might increase HIV viral load and decrease CD4 cell count in PLWH [22, 23], increasing risk

of HIV transmission. However, another recent study showed that it does not increase the risk

of HIV viral load elevation in PLWH under effective treatment [24]. Nowadays, it is recom-

mended to screen PLWH at least annually for syphilis. Even though our study is not designed

to verify the link between syphilis, HIV viral load and CD4 cell count, our data support the

idea of a strict monitoring among high-risk subjects, as those with a known history of syphilis.

Concerning PrEP users, 25.8% had a positive syphilis serology at baseline, and we estimated

that 7.2% had an early syphilis at PrEP initiation. This rate is close to those previously reported,

as other studies found a prevalence of syphilis at PrEP initiation of 7.8% to 13.3% [12, 14, 15,

25]. Syphilis incidence rate for first infections and re-infection were similar to other studies, as

they described an incidence of syphilis among PrEP users from 7.3 to 14.7 cases per 100 per-

son-years. Risk compensation has been suggested in PrEP users to explain these high inci-

dences of syphilis and other non HIV STIs, by not perceiving an increased risk [26]. It has also

been showed a higher incidence in STIs, including syphilis, in consistent PreP users compared

to those who discontinued the prophylaxis [27]. These results among PrEP users reinforce

once again the necessity of a timely and efficient screening and treatment of syphilis, and

adherence to medical follow-up.

When comparing PLWH and PrEP users, syphilis incidence appears to be significatively

higher for infection and re-infection among PrEP users. This might be explained by the more

often risky sexual behaviour [12] observed in the latter. One hypothesis is that PrEP might

bring users into contact with others individuals engaged in social and sexual network where

rates of STIs including syphilis may be higher [28]. Besides, frequency of STI monitoring in

PrEP users (every 3 months) compared to PLWH (at least once a year), could explain an artifi-

cial increase of incidence rate in PrEP users. Nevertheless, reinforcing screening policy, associ-

ated with treatment of cases, might at last lead to a decrease of syphilis incidence among PrEP

users. This hypothesis was already suggested concerning gonorrhea, as shown by a mathemati-

cal model [29].

One limitation of our study is that our analysis did not differentiate active syphilis from per-

sistent positive antibody test after treatment, nor syphilis stage of diseases such as primary or

secondary. Indeed, it was hardly possible with isolated serologic results (i.e; without kinetic) to

make this distinction and gathering clinical data or history of serologic tests for all subjects
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was unachievable in this retrospective cohort. Thus, prevalence in our study is higher than pre-

viously observed in literature, as we included any positive treponemal test at baseline in our

analysis. Therefore, we decided to estimate the proportion of early syphilis using an ad hoc cut

off for quantitative VDRL (� 1/8). Although seemingly relevant, this choice is arbitrary and

we do not have data using a similar definition. A second limitation is the large number of miss-

ing data regarding treponemal test results among the whole Dat’AIDS cohort. Indeed, we were

able to include only 12,7% of the PLWH and 22,6% of the PrEP users, despite the recommen-

dation of systematic syphilis screening for all PLWHIV and PrEP users. This might be due to

syphilis screening at a different time, or somewhere else, or to the lack of data entry. Finally,

syphilis follow-up was not standardized, nor were serologic tests, which could result in misdi-

agnosis in such a retrospective analysis.

Even though we decided to estimate incidences, the model used was not optimized to do so.

Given the uncertainty about the dates entered in the database, we have chosen to use a logistic

regression instead of a survival analysis. This model strengthens our confidence in the analysis

of risk factors for infection and re-infection, but since follow-up time is not taken into account,

incidence is only estimate to take with caution.

Finally, results of our study might not be generalizable to all populations, as some popula-

tions were less represented such as female or transgenders among PrEP users (only 20 female

and 39 transgenders included). However, this is consistent with demographics of PrEP users.

In conclusion, this study underscores that syphilis prevalence and incidence are high in

PLWH, specifically in older MSM with controlled HIV infection by ART, as well as in PrEP

users in France. Even though current syphilis epidemic among MSM seems to have stabilized

the past few years, our data highlight the necessity to improve syphilis screening frequency

among PrEP users and PLWH at high risk, especially those with known history of syphilis, and

to reinforce behavioral risks reduction counseling.
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par Treponema pallidum (bactérie responsable de la syphilis). 2017. p. 17. https://www.has-sante.fr/

upload/docs/application/pdf/2017-03/dir3/argumentaire_syphilis.pdf

18. U.S. Department of Health and Human Services, Centers for Disease Control and Prevention, National

Center for HIV/AIDS, Viral Hepatitis, STD, and TB Prevention, Division of STD Prevention (Atlanta,

Georgia). Sexually Transmitted Disease Surveillance 2018. Centers for Disease Control and Preven-

tion. 2019; 67.

19. Sarigül F, Sayan M, İnan D, Deveci A, Ceran N, Çelen MK, et al. Current status of HIV/AIDS-syphilis

co-infections: a retrospective multicentre study. Cent Eur J Public Health. 2019; 27: 223–228. https://

doi.org/10.21101/cejph.a5467 PMID: 31580558

20. Muccini C, Crowell TA, Pinyakorn S, Kroon E, Sacdalan C, Ananworanich J, et al. Brief report: Syphilis

incidence and effect on viral load, CD4, and CD4/CD8 ratio in a Thai cohort of predominantly men who

have sex with men living with HIV. J Acquir Immune Defic Syndr. 2021; 86: 219–223. https://doi.org/10.

1097/QAI.0000000000002542 PMID: 33433124

21. Menza TW, Berry SA, Dombrowski J, Cachay E, Dionne-Odom J, Christopoulos K, et al. Syphilis testing

and diagnosis among people with HIV engaged in care at four United States clinical sites, 2014–2018.

Clin Infect Dis. 2021. https://doi.org/10.1093/cid/ciab944 PMID: 34788808

22. Jarzebowski W, Caumes E, Dupin N, Farhi D, Lascaux A-S, Piketty C, et al. Effect of early syphilis infec-

tion on plasma viral load and CD4 cell count in human immunodeficiency virus-infected men: results

from the FHDH-ANRS CO4 cohort. Arch Intern Med. 2012; 172: 1237–1243. https://doi.org/10.1001/

archinternmed.2012.2706 PMID: 22826097

23. Buchacz K, Patel P, Taylor M, Kerndt PR, Byers RH, Holmberg SD, et al. Syphilis increases HIV viral

load and decreases CD4 cell counts in HIV-infected patients with new syphilis infections. AIDS. 2004;

18: 2075–2079. https://doi.org/10.1097/00002030-200410210-00012 PMID: 15577629

24. Giacomelli A, Cozzi-Lepri A, Cingolani A, Tavelli A, Mazzotta V, Tesoro D, et al. Does syphilis increase

the risk of HIV-RNA elevation >200 copies/mL in HIV-positive patients under effective antiretroviral

treatment? Data from the ICONA cohort. J Acquir Immune Defic Syndr. 2021; 88: 132–137. https://doi.

org/10.1097/QAI.0000000000002749 PMID: 34138773

25. Schumacher C, Wu L, Chandran A, Fields E, Price A, Greenbaum A, et al. Sexually Transmitted Infec-

tion Screening Among Gay, Bisexual, and Other Men Who Have Sex With Men Prescribed Pre-expo-

sure Prophylaxis in Baltimore City, Maryland. Clinical Infectious Diseases. 2019. https://doi.org/10.

1093/cid/ciz1145 PMID: 31761944

26. Rojas Castro D, Delabre RM, Molina J-M. Give PrEP a chance: moving on from the “risk compensation”

concept. J Int AIDS Soc. 2019; 22 Suppl 6: e25351. https://doi.org/10.1002/jia2.25351 PMID:

31468693

27. Chemtob D, Weil C, Hannink Attal J, Hawila E, Noff Sadeh E. HIV Pre-Exposure Prophylaxis (PrEP)

purchase patterns and STI occurrence among Israeli men: A cohort analysis. PLoS One. 2021; 16:

e0259168. https://doi.org/10.1371/journal.pone.0259168 PMID: 34793473

PLOS ONE High syphilis prevalence and incidence in people living with HIV and Preexposure Prophylaxis users

PLOS ONE | https://doi.org/10.1371/journal.pone.0268670 May 19, 2022 14 / 15

https://doi.org/10.1056/NEJMoa1506273
https://doi.org/10.1056/NEJMoa1506273
http://www.ncbi.nlm.nih.gov/pubmed/26624850
https://doi.org/10.1007/s10461-018-2252-9
http://www.ncbi.nlm.nih.gov/pubmed/30117076
https://doi.org/10.1001/jama.2019.2947
http://www.ncbi.nlm.nih.gov/pubmed/30964528
https://doi.org/10.1097/QAD.0000000000001718
http://www.ncbi.nlm.nih.gov/pubmed/29239887
https://doi.org/10.1093/cid/ciu450
http://www.ncbi.nlm.nih.gov/pubmed/24928295
https://doi.org/10.1111/j.1468-1293.2009.00719.x
https://doi.org/10.1111/j.1468-1293.2009.00719.x
http://www.ncbi.nlm.nih.gov/pubmed/19486189
https://www.has-sante.fr/upload/docs/application/pdf/2017-03/dir3/argumentaire_syphilis.pdf
https://www.has-sante.fr/upload/docs/application/pdf/2017-03/dir3/argumentaire_syphilis.pdf
https://doi.org/10.21101/cejph.a5467
https://doi.org/10.21101/cejph.a5467
http://www.ncbi.nlm.nih.gov/pubmed/31580558
https://doi.org/10.1097/QAI.0000000000002542
https://doi.org/10.1097/QAI.0000000000002542
http://www.ncbi.nlm.nih.gov/pubmed/33433124
https://doi.org/10.1093/cid/ciab944
http://www.ncbi.nlm.nih.gov/pubmed/34788808
https://doi.org/10.1001/archinternmed.2012.2706
https://doi.org/10.1001/archinternmed.2012.2706
http://www.ncbi.nlm.nih.gov/pubmed/22826097
https://doi.org/10.1097/00002030-200410210-00012
http://www.ncbi.nlm.nih.gov/pubmed/15577629
https://doi.org/10.1097/QAI.0000000000002749
https://doi.org/10.1097/QAI.0000000000002749
http://www.ncbi.nlm.nih.gov/pubmed/34138773
https://doi.org/10.1093/cid/ciz1145
https://doi.org/10.1093/cid/ciz1145
http://www.ncbi.nlm.nih.gov/pubmed/31761944
https://doi.org/10.1002/jia2.25351
http://www.ncbi.nlm.nih.gov/pubmed/31468693
https://doi.org/10.1371/journal.pone.0259168
http://www.ncbi.nlm.nih.gov/pubmed/34793473
https://doi.org/10.1371/journal.pone.0268670


28. Amirkhanian YA. Social networks, sexual networks and HIV risk in men who have sex with men. Curr

HIV/AIDS Rep. 2014; 11: 81–92. https://doi.org/10.1007/s11904-013-0194-4 PMID: 24384832
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