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Abstract

Background/Objectives

Many European countries reported increased numbers of syphilis, gonorrhoea and chla-
mydia diagnoses among men who have sex with men (MSM) in recent years. Behaviour
changes and increased testing are thought to drive these increases.

Methods

In 2010 and 2017, two large online surveys for MSM in Europe (EMIS-2010, EMIS-2017)
collected self-reported data on STI diagnoses in the previous 12 months, diagnostic proce-
dures, ST symptoms when testing, number of sexual partners, and sexual behaviours such
as condom use during the last intercourse with a non-steady partner in 46 European coun-
tries. Multivariate regression models were used to analyse factors associated with diagno-
ses of syphilis, gonorrhoea/chlamydia, and respective diagnoses classified as symptomatic
and asymptomatic. If applicable, they included country-level screening rates.

Results

Questions on STI diagnoses and sexual behaviours were answered by 156,018 (2010) and
125,837 (2017) participants. Between 2010 and 2017, overall diagnoses with gonorrhoea/
chlamydia and syphilis increased by 76% and 83% across countries. Increases were more
pronounced for asymptomatic compared to symptomatic infections. The proportion of
respondents screened and the frequency of screening grew considerably. Condomless anal
intercourse with the last non-steady partner rose by 62%,; self-reported partner numbers
grew. Increased syphilis diagnoses were largely explained by behavioural changes (includ-
ing more frequent screening). Gonorrhoea/chlamydia increases were mainly explained by
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more screening and a change in testing performance. A country variable representing the
proportion of men screened for asymptomatic infection was positively associated with
reporting symptomatic gonorrhoea/chlamydia, but not syphilis.

Discussion/Conclusion

The positive association of country-level screening rates with the proportion of symptomatic
infections with gonorrhoea/chlamydia may indicate a paradoxical effect of screening on inci-
dence of symptomatic infections. Treatment of asymptomatic men might render them more
susceptible to new infections, while spontaneous clearance may result in reduced suscepti-
bility. Before expanding screening programmes, evidence of the effects of screening and
treatment is warranted.

Introduction

Increasing diagnoses of sexually transmitted infections (STIs), particularly gonorrhoea, chla-
mydia and syphilis among men who have sex with men (MSM) have been reported from
many European and high-income countries in recent years [1-4]. Reasons for these increases
are not fully understood and likely differ between gonorrhoea and chlamydia on the one hand
and syphilis on the other hand.

Increased numbers of reported gonorrhoea and chlamydia infections may partly be
explained by an increase in testing of extra-genital sites, an increased testing frequency, and a
switch to nucleic acid amplification tests (NAATS) [5-7]. Screening extra-genital sites for
gonorrhoea and chlamydia among asymptomatic MSM has been increasingly adopted in
European countries. Recent analyses have shown an increase of anal swabbing as part of STI-
screening in all Northern, Western, and Southern, as well as in some Eastern European coun-
tries, possibly accounting for a larger increase of the number of reported infections [8]. How-
ever, STI-testing policies and practices show large variation across Europe [8], not only
between countries, but also within countries and between different service providers.

Declining condom use may be an important behavioural factor contributing to increased
STI transmission. However, the relative importance of different transmission routes of gonor-
rhoea and chlamydia remains unclear: while the possibility of genito-rectal, recto-genital, gen-
ito-oral and oro-genital transmission is uncontested, their relative contribution and the
efficiency of oro-oral and oro-rectal transmission is disputed [9-11]. The insufficient knowl-
edge about the relative contribution of different transmission routes poses a challenge for ana-
lysing the role of behaviour changes for the increased number of diagnoses. While declining
condom use for anal intercourse is likely to impact genito-rectal and recto-genital transmis-
sion, there is few data available on changes in sexual practice and on the frequency of transmis-
sion of infection through oro-genital, oro-rectal or oro-oral contacts [12-14].

It is noteworthy that the increasing adoption of screening for gonorrhoea and chlamydia
among MSM was based on scarce evidence: though there is solid evidence that many asymp-
tomatic infections with gonorrhoea and chlamydia can be detected in extra-genital sites in sex-
ually active MSM [15,16], emerging evidence shows that asymptomatic anal and pharyngeal
infections clear spontaneously within approximately 3 months without serious or long-term
sequelae [17,18]. In addition, there is no published evidence of individual or public health
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benefits from screening programmes for asymptomatic gonorrhoea and chlamydia infections
among MSM [19].

For syphilis testing, no major changes of test sensitivity occurred that would account for the
increased number of diagnoses. Instead, the increased frequency of blood tests and the grow-
ing number of HIV and syphilis tests among MSM may have contributed to raising number of
reported diagnoses. Increases in syphilis diagnoses have mostly been attributed to behaviour
changes such as increasing partner numbers and declining condom use for anal intercourse
due to growing awareness that undetectable (HIV viral load) equals untransmissible (U = U),
primarily among MSM diagnosed with HIV, but to a lesser extent also among MSM testing
negative for HIV, and increased HIV-serosorting based on current HIV test results [20-23].
The introduction and growing availability of HIV pre-exposure prophylaxis (PrEP) for HIV
prevention may have further accelerated the declining trend in condom use [21]. Available
data suggest a higher proportion of syphilis infections among MSM diagnosed with HIV com-
pared to gonorrhoea and chlamydia infections, but a lower proportion compared to infections
with hepatitis C virus and lymphogranuloma venereum [24-29].

In this analysis we use data on self-reported diagnoses of bacterial STIs among MSM col-
lected in two large pan-European online surveys for MSM in 2010 and 2017 to explore the fol-
lowing questions:

1. Was the proportion of respondents reporting diagnosed bacterial STIs in the previous
twelve months higher in 2017 than in 2010 (even when controlling for sample
composition)?

2. Was the proportion of respondents reporting condomless anal sex in the previous twelve
months higher in 2017 than in 20102

3. Was the proportion of respondents reporting a recent STI screen larger in 2017 than in
20107

4. Do increases of condomless anal intercourse fully explain the increase of diagnoses of bacte-
rial STIs between the two surveys?

5. Do differences between national screening practices explain the remaining differences in
STI diagnoses?

Methods
Recruitment and questionnaires

The detailed methods of the European MSM Internet Surveys in 2010 and 2017 (EMIS-2010,
EMIS-2017) have been reported elsewhere [30]. In summary, EMIS-2010 and EMIS-2017 were
multi-language, internet-based, self-completion surveys for men-who-have-sex-with-men liv-
ing in Europe. The European MSM Internet Surveys in 2010 and 2017 collected data about
sexual behaviours, precautionary behaviours related to HIV, self-assessed STI-testing behav-
iours including the recency of the last test, testing performance and various self-reported STI
diagnoses, including gonorrhoea, chlamydia and syphilis, and collected information whether
symptoms were present at the last STI test. The EMIS-2017 questionnaire was based on the
version of 2010, and only questions identical in both questionnaires are used for this analysis.
Both surveys were available in 25, and respectively, 33 languages across 46 countries. Partici-
pants were recruited through trans-national dating apps (PlanetRomeo, Grindr and Hornet
accounted for 62% of participants to both surveys collectively, other dating platforms and apps
for another 16%), through Facebook, Twitter, Instagram (3%) and through a variety of local
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online promotion, mostly through website banners (17%). No financial incentives were given
to participants. No personal identifying information (including IP addresses) was collected.
Further background information, including all 33 language versions of the questionnaire, is
available at www.emis2017.eu. Ethics approval was granted by the Research Ethics Committee
of the University of Portsmouth for EMIS-2010 (REC application number 08/09:21), and by
the Ethics Committee of the London School of Hygiene and Tropical Medicine for EMIS-2017
(reference 14421/RR/8805).

In terms of recruitment, EMIS-2017 could not replicate the approach used in 2010, since
smart phone apps which were the main recruitment source for EMIS-2017 did not yet play a
role in 2010 [30].

Dependent variables

Primary outcomes. All men were asked ‘Have you ever been diagnosed with syphilis?’
Men who answered yes, were asked ‘When were you last diagnosed with syphilis?” and offered
a scale to indicate how recently this had been. Identical questions were asked for ‘gonorrhoea’
and ‘chlamydia or LGV’. We grouped syphilis diagnosed in the past 24 hours, seven days, four
weeks, six months and twelve months as ‘syphilis diagnosed in the past twelve months’.
Gonorrhoea and Chlamydia/LGV were grouped accordingly, if either of the two were
reported, as ‘gonorrhoea/chlamydia diagnosed in the past twelve months’. An exploratory
analysis had shown broad similarity regarding the factors associated with gonorrhoea and
chlamydia, and the effect sizes of these factors, so we decided to combine gonorrhoea and chla-
mydia to streamline the presentation of the results and named them gonorrhoea/chlamydia.
This also reflects the fact that both STIs are typically tested for in combination, and that
respondents might have difficulties distinguishing between the two.

Secondary outcomes. The question whether symptoms were present at the last STI test
within the past twelve months allowed to classify self-reported STT diagnoses as symptomatic if
the diagnosis was made at the last STI test and symptoms were reported at the time of the last
STI test, and as asymptomatic if no symptoms were reported. If more than one infection was
diagnosed at the last STT test and symptoms were reported, they were rendered unclassifiable
if syphilis as well as gonorrhoea and/or chlamydia had been diagnosed, as it was not clear
which of the diagnosed STIs was symptomatic, if only gonorrhoea and/or chlamydia had been
diagnosed, both were classified as symptomatic.

The analyses of asymptomatic STI diagnoses were restricted to men who received an STI
testing procedure that would allow the respective diagnosis. A diagnosis of gonorrhoea and
chlamydia required that either a genital or a rectal specimen had been collected (urine, urethral
swab, rectal swab) as part of STI-testing in the previous twelve months. The collection of pha-
ryngeal swabs had not been queried. A diagnosis of syphilis required a blood test.

This study thus focuses on six independent outcomes: any self-reported diagnoses, diagno-
ses classified symptomatic, diagnoses classified asymptomatic, each separated for syphilis and
gonorrhoea/chlamydia.

Independent variables

The survey wave, spanning more than 7 years, was included as a binary variable.

Survey artefacts. The wording for the French translation for STI diagnoses was slightly
changed for 2017. After discussion with the multi-national translation team for French, the
new wording, while technically correct, may have been misunderstood by some French-speak-
ing respondents. Consequently, the questions on diagnosed syphilis, gonorrhoea, and chla-
mydia may have been understood by some men as having undergone a test rather than having
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a positive test result. This problem affects all three countries with large sub-samples using the
French version, notably France, Belgium and Switzerland, in descending order for decreasing
proportions of French speakers, as reflected by the disproportionate increase of self-reported
STI diagnoses in these countries. To control for a potential overestimation of STI diagnoses in
French questionnaires, a binary language variable (French-not French) was constructed. We
further controlled for major discrepancies (discrepant answers for age, steady partners, or
non-steady partners), using a binary variable. Such discrepancies occur when respondents
either give random answers or always select e.g. the first response options.

Sample composition. In the multivariable regression models age was included as contin-
uous variable, HIV diagnosis as a binary variable, settlement size as an ordinal variable with
five categories.

Testing behaviour. As a proxy for testing frequency, the recency of the last STT test was
categorised as ‘no screening’, ‘screening 6—12 months ago’, ‘1-6 months ago’, ‘within the last 4
weeks’. Respondents reporting symptoms at the last ST test were included in ‘no screening’.
Testing behaviour is considered as individual behaviour, irrespective of any given testing
procedures.

Sexual behaviour. As the number of sexual partners is the major determinant for STI
transmission, we included an ordinal variable for the number of overall sexual partners in the
previous twelve months: None or one, 2-4, 5-7, 8-10, 11-20, >20. Based on the last sexual
encounter with one or more non-steady partners, we constructed an ordinal variable combined
for anal intercourse and condom use: No non-steady partner in the previous twelve months,
no anal intercourse (AI) with the last non-steady partner, no condomless Al, some condomless
Al only condomless Al

Country-level screening rates. To capture STI testing practices and performance two
additional country-level variables were constructed and categorized by quartiles: a) being
screened for syphilis, defined as reporting no symptoms at last test and reporting a blood-
based test as part of STI-testing in the previous twelve months; b) being screened for gonor-
rhoea/chlamydia, defined as reporting no symptoms at last test and reporting a test based on a
genital specimen (urine or urethral swab) and an anal swab as part of STI-testing in the previ-
ous twelve months. Subtracted from numerator and denominator were men reporting an STI
diagnosis that was unclassifiable or classified symptomatic. This variable was used for both pri-
mary outcomes and for STIs classified symptomatic-this variable was not applicable for STIs
classified asymptomatic, as these were already restricted to respondents screened for STTs.
Instead, for gonorrhoea/chlamydia classified as asymptomatic, we further controlled for the
reception of an anal swab, as it reflects the testing practices of the testing centres rather than
the individual’s testing behaviour.

Statistics

For continuous variables mean, Standard Deviation (SD), median and interquartile range
(IQR) was used. For nominal variables count and percentages were used.

Based on theoretical assumptions a list of variables, potentially associated with the depen-
dent variables, was developed for each outcome variable. In order to identify the list of signifi-
cantly associated variables with the dependent variables a bivariate approach was used and a
two-level multilevel logistic regression model with a random intercept at country level. The
random component accounts for the hierarchical nature of the data. Analyses were carried out
on all available cases of each survey wave.

A model was developed for each dependent variable. The first step to building a model was
to enter sequentially those individual independent variables that were statistically significantly
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associated with the dependent variable for each model (based on bivariate analysis). The vari-
able indicating the survey wave was included at the beginning of the modelling and retained
for all successive model building steps. Age was also included as confounder to be controlled
for as potentially associated with the outcome variables. Variables from the significantly associ-
ated pool were then included sequentially in the multivariate analysis. The variables were
added to the null model one by one retaining those variables significant at p<0.05. The final
models where then estimated with the pool of significantly associated variables and a random
slope was also included for the survey year variable. The likelihood ratio test was used to com-
pare the new model with the nested model to establish the model improvement. For all statisti-
cal tests, significance was indicated by p<0.05. The final model estimated the adjusted odds
ratios (aORs) and the corresponding 95% confidence interval (95% CI) for factors associated
with the dependent variable. Analyses were carried out using Stata® Version 15.1 (College
Station, TX: StataCorp LP).

Results
Changes in STI diagnoses

Responses to both, STI diagnosis questions and sexual behaviours, were contributed by
156,018 participants in 2010 and 125,837 participants in 2017 from 46 countries in Europe.
The final sample sizes for the multivariate models were smaller due to missing responses,
mainly on STT screening. Overall diagnoses with syphilis increased between 2010 and 2017
across countries by 83%, symptomatic infections with syphilis increased by 28%, overall
infections with gonorrhoea/chlamydia increased by 76%, symptomatic infections by 31%,
with considerable variation between countries. Asymptomatic infections increased by
145% for syphilis, and 142% for gonorrhoea/chlamydia. The proportion of unclassifiable
diagnoses was 50-52% for the two STT types in 2010, and 53-55% in 2017 (see SI and S2
Tables).

Fig 1 shows a panel of 6 country-level scatter plots: (a), (b), and (c) show the correlation
between overall syphilis diagnosis rates in the previous twelve months by 2010 and 2017 survey
waves, diagnosis rates for classified symptomatic syphilis, and diagnosis rates for classified
asymptomatic syphilis; (d), (e), and (f) show the respective correlations for the combined
gonorrhoea and chlamydia diagnosis rates. All countries plotted above the line of equality
have experienced increased diagnosis rates between 2010 and 2017. As the figure demon-
strates, almost all countries have experienced increased STI diagnosis rates to varying degrees.

The supplementary S1 and S2 Tables present the overall numbers of participants of the two
survey waves by country, and number and proportions of all self-reported infections with
syphilis, and/or gonorrhoea/chlamydia in 2010 and 2017, of the subset of infections classified
symptomatic, and number and proportions of infections classified asymptomatic among those
who had been screened. The two tables also present the numbers and proportions of partici-
pants of the two survey waves that have been screened with a blood-based STT test, adequate
for a serological diagnosis of syphilis, and with a urine-based STI test or genital swab and an
anal swab that can be used for the diagnosis of genital or rectal infections with gonorrhoea or
chlamydia.

Changes in STI-testing

Comprehensive screening rates for gonorrhoea/chlamydia increased across countries by

103%, and for syphilis by 54%; considerable variation between countries was observed.
Fig 2 shows a panel of two country-level scatter plots: a) the proportion of participants

screened with a blood-based STI test in the previous twelve months, b) the proportion of
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diagnosis; Classified symptomatic syphilis diagnosis; Classified symptomatic gonorrhoea/chlamydia diagnosis;
Classified asymptomatic syphilis diagnosis; Classified asymptomatic gonorrhoea/chlamydia diagnosis.

https://doi.org/10.1371/journal.pone.0248582.9001

participants screened with a urine-based STI test or genital swab and an anal swab in the previ-
ous twelve months. As the figure demonstrates, in almost all countries the proportions of men

screened with a blood-based STT test and the combination of a urine-based test or genital swab
and an anal swab have increased to different extents.
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Changes in sexual behaviour

The proportion of respondents reporting more than ten sex partners in the previous twelve
months increased by 10%, the proportion reporting any condomless anal intercourse with the
last non-steady partner increased by 62%, and the proportion reporting an STI screen within
the last 6 months increased by 63%.

Fig 3 shows a panel of three country-level scatter plots presenting changes in behaviour
between the two survey waves: a) the proportion of participants reporting more than ten sexual
partners in the previous twelve months; b) the proportion of participants reporting condom-
less anal intercourse with the last non-steady partner; and c) the proportion of participants
reporting an ST screen in the previous six months, used as a proxy for the frequency of STI
testing. The respective data for these three country level scatter plots are also presented in sup-
plementary S3 Table. Fig 3 demonstrates increasing partner numbers, declining condom use,
and increasing STT test frequency between the two survey waves in 2010 and 2017.

Multilevel multivariate regression models, syphilis

Tables 1 and 2 present the results of bivariate and multilevel multivariate regression (MMR)
analyses for the following outcomes: all, classified symptomatic, and classified asymptomatic
syphilis and gonorrhoea/chlamydia.

The unadjusted odds ratio for the survey wave difference between 2010 and 2017 indicates
the-significant-differences in diagnosis rates between the two survey waves for all six outcome
variables. The adjusted odds ratios in Tables 1A and 2A show how much these differences
between the survey waves are explained by survey artefacts, sample composition, sexual and
testing behaviours. The adjusted odds ratios in Tables 1B and 2B all become insignificant,
showing that the inclusion of further country level intervention parameters in the multivariate
models largely explains the remaining differences between the two survey waves.

For all self-reported syphilis diagnoses in the previous twelve months, the MMR model
showed no significant difference for the two survey waves after adjustment for all other factors
included in the model. Respondents filling in the 2017 French language version had a higher
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Fig 3. Explanatory variables. Panel of 3 country-level scatter plots (behaviour): More than 10 partners; Condomless
anal intercourse with last non-steady partner; STI screen in the previous six months.

https://doi.org/10.1371/journal.pone.0248582.9003

probability to report a syphilis diagnosis in the previous twelve months, as had respondents
whose questionnaires contained any of the aforementioned logical discrepancies. Age had no
impact on syphilis diagnosis. The probability to report a syphilis diagnosis slightly increased
with increasing settlement size. Living with diagnosed HIV was strongly associated with a
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Table 1. a. Univariable and multivariable regression analysis, main model: Individual-level associations with syphilis diagnosis. b. Univariable and multivariable
regression analysis, comprehensive model: Individual-level associations with syphilis diagnosis including impact of country-level' screening rates on syphilis diag-

nosis (intervention practices).

Full sample, excluding only MSM with missing answers Sub-sample of MSM screened*
Diagnosis of syphilis, any Diagnosis of syphilis, classified Diagnosis of syphilis, classified
(N =262,995) symptomatic (N = 270,164) asymptomatic (N = 71,462)

Fixed part OR | 95%-CI |AOR| 95%-CI OR | 95%-CI AOR| 95%-CI OR  95%CI AOR 95%CI

Time
Survey year 2010 Ref. Ref. Ref. Ref. Ref. Ref.

2017 1.82 | 1.75-1.90 | 1.17 | 1.01-1.35 | 1.30 | 1.20-1.41 | 1.02 | 0.90-1.16 | 1.54 | 1.41-1.69 | 0.81 0.63-1.05
Survey artefacts
French translation Not used 2010/2017 Ref. Ref. n.a. Ref. | 1.00-1.00 | n.a. Ref.
Used in 2010 1.59 | 1.41-1.80 | 1.10 | 0.90-1.36 | 1.10 | 0.85-1.43 | 0.92 | 0.67-1.26 | 3.21 | 2.52-4.08 | 1.43 0.93-2.22
Used in 2017 2.08 | 1.75-2.46 1.24 | 0.90-1.72 4.54 3.35-6.16
Discrepant data No Ref. Ref. Ref. Ref. | 1.00-1.00 | Ref. Ref.
Yes 1.22 | 1.16-1.29 | 1.22 | 1.14-1.30 | 1.17 | 1.04-1.30 | 1.07 | 0.95-1.21 | 1.23 | 1.09-1.39 | 1.29 1.14-1.47
Sample composition
Age Per year 1.02 | 1.01-1.02 | 1.00 | 1.00-1.00 | 1.01 | 1.01-1.02 | 1.00 | 1.00-1.00 | 1.01 | 1.01-1.02 | 1.00 1.00-1.01
Settlement size Village/countryside Ref. Ref. Ref. Ref. | 1.00-1.00 | Ref. Ref.
(<10,000)

(inhabitants) Small town (10,000— 1.06 | 0.97-1.15 | 1.07 | 0.97-1.17 | 1.01 | 0.86-1.18 | 1.00 | 0.85-1.18 | 0.91 | 0.77-1.08 | 0.93 0.78-1.11
99,999)
Medium town 1.23 | 1.13-1.33 | 1.15| 1.05-1.26 | 1.22 | 1.04-1.42 | 1.12 | 0.95-1.31 | 0.77 | 0.65-0.91 | 0.82 0.69-0.97
(100,000-499,999)
Big city (500,000 1.58 | 1.46-1.72 | 1.27 | 1.16-1.39 | 1.50 | 1.27-1.76 | 1.17 | 0.99-1.38 | 0.80 | 0.67-0.95 | 0.82 0.69-0.98
999,999)
Very big city (>1 1.72 | 1.59-1.86 | 1.21 | 1.11-1.31 | 1.50 | 1.30-1.74 | 1.04 | 0.89-1.21 | 0.71 | 0.61-0.82 | 0.73 0.62-0.85
million)

Diagnosed HIV No Ref. Ref. Ref. Ref. | 1.00-1.00 | Ref. Ref.
Yes 6.52 | 6.24-6.81 | 3.97 | 3.77-4.18 | 4.98 | 4.57-5.44 | 3.17 | 2.88-3.50 | 1.94 | 1.76-2.15 | 1.76 1.57-1.96

Testing behaviour
STI screen No screening Ref. Ref.

6-12 months ago 0.89 | 0.81-0.97 | 0.66 | 0.61-0.73
1-6 months ago 2.22 | 2.11-2.34 | 1.14 | 1.08-1.21
Within the last 4 weeks | 4.00 | 3.77-4.24 | 1.72 | 1.61-1.84
Sexual behaviour
Number of sex partners, None or one Ref. Ref. Ref. Ref. | 1.00-1.00 | Ref. Ref.
previous 12 months 2-4 1.43 | 1.31-1.55 | 1.49 | 1.31-1.69 | 1.60 | 1.34-1.90 | 1.54 | 1.19-1.99 | 1.10 | 0.93-1.30 | 1.07 0.83-1.38
5-7 2.18 | 2.00-2.38 | 2.18 | 1.90-2.51 | 2.66 | 2.23-3.17 | 2.59 | 1.96-3.42 | 1.16 | 0.97-1.39 | 1.17 0.89-1.54
8-10 2.93 | 2.66-3.22 | 2.67 | 2.31-3.09 | 3.65 | 3.03-4.41 | 3.29 | 2.47-4.37 | 1.45 | 1.20-1.76 | 1.39 1.04-1.84
11-20 3.80 | 3.52-4.11 | 3.21 | 2.80-3.68 | 4.97 | 4.24-5.82 | 4.14 | 3.16-5.43 | 1.34 | 1.14-1.58 | 1.29 0.98-1.69
>20 8.20 | 7.62-8.81 | 5.40 | 4.72-6.17 | 9.06 | 7.8-10.53 | 6.37 | 4.88-8.32 | 1.85 | 1.59-2.15 | 1.62 1.24-2.10
Anal intercourse, condom No non-steady partner | Ref. Ref. Ref. Ref. | 1.00-1.00 | Ref. Ref.

use with last non-steady partner No anal intercourse 1.92 | 1.77-2.09 | 0.70 | 0.62-0.80 | 2.60 | 2.21-3.05 | 0.89 | 0.69-1.15 | 1.01 | 0.86-1.20 | 0.77 0.59-1.00
No condomless anal 2.35 | 2.19-2.53 | 0.82 | 0.72-0.93 | 2.91 | 2.51-3.37 | 0.96 | 0.74-1.23 | 1.14 | 0.99-1.32 | 0.87 0.68-1.12
int.
Some condomless anal | 5.75 | 5.15-6.41 | 1.38 | 1.18-1.62 | 6.14 | 4.93-7.66 | 1.67 | 1.23-2.27 | 2.09 | 1.65-2.64 | 1.28 0.93-1.76
int.
Only condomless anal | 6.20 | 5.78-6.65 | 1.41 | 1.24-1.60 | 6.61 | 5.72-7.65 | 1.61 | 1.25-2.08 | 2.17 | 1.87-2.52 | 1.32 1.03-1.70
int.

Random part o | 95%CI | o* | 95%-CI | o> | 95%-CI | o | 95%CI | o> | 95%CI o 95%-CI
Survey year Random Slope 0.12 | 0.06-0.25 0.02 | 0.00-0.10 0.28 0.12-0.63
46 countries’ Random Intercept 0.23 | 0.13-0.41 0.19 | 0.10-0.37 0.50 0.28-0.91
Likelihood-ratio test® df, p 25 | p < 0.001 22 | p<0.001 22 p < 0.001

1<0.001 = xxx

Time

(Continued)
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Table 1. (Continued)

Full sample, excluding only MSM with missing answers

Sub-sample of MSM screened*

Diagnosis of syphilis, any Diagnosis of syphilis, classified Diagnosis of syphilis, classified
(N =262,995) symptomatic (N = 270,164) asymptomatic (N = 71,462)
Fixed part OR | 95%-CI | AOR | 95%-CI | OR | 95%-CI | AOR| 95%-CI | OR ‘ 95%-CI | AOR 95%-CI
Survey year 2010 Ref. Ref. Ref. Ref. Ref. Ref.
2017 1.82 | 1.75-1.90 | 1.09 | 0.87-1.38 | 1.30 | 1.20-1.41 | 1.13 | 0.91-1.40 | 1.54 | 1.41-1.69 | 0.81 0.63-1.05
Survey artefacts
French translation Not used 2010/2017 Ref. Ref. n.a. Ref. | 1.00-1.00 | n.a. Ref.
Used in 2010 1.59 | 1.41-1.80 | 1.08 | 0.88-1.34 | 1.10 | 0.85-1.43 | 0.89 | 0.65-1.21 | 3.21 | 2.52-4.08 | 1.43 0.93-2.22
Used in 2017 2.08 | 1.75-2.46 1.32 | 0.98-1.78 4.54 3.35-6.16
Discrepant data No Ref. Ref. Ref. Ref. | 1.00-1.00 | Ref. Ref.
Yes 1.22 | 1.16-1.29 | 1.22 | 1.14-1.30 | 1.17 | 1.04-1.30 | 1.07 | 0.95-1.21 | 1.23 | 1.09-1.39 | 1.29 1.14-1.47
Sample composition
Age Per year 1.02 | 1.01-1.02 | 1.00 | 1.00-1.00 | 1.01 | 1.01-1.02 | 1.00 | 1.00-1.00 | 1.01 | 1.01-1.02 | 1.00 1.00-1.01
Settlement size Village/countryside Ref. Ref. Ref. Ref. | 1.00-1.00 | Ref. Ref.
(<10,000)
(inhabitants) Small town (10,000 1.06 | 0.97-1.15| 1.07 | 0.98-1.17 | 1.01 | 0.86-1.18 | 1.00 | 0.85-1.18 | 0.91 | 0.77-1.08 | 0.93 0.78-1.11
99,999)
Medium town 1.23 | 1.13-1.33 | 1.15 | 1.06-1.26 | 1.22 | 1.04-1.42 | 1.12 | 0.95-1.31 | 0.77 | 0.65-0.91 | 0.82 0.69-0.97
(100,000-499,999)
Big city (500,000 1.58 | 1.46-1.72 | 1.27 | 1.16-1.39 | 1.50 | 1.27-1.76 | 1.18 | 1.00-1.39 | 0.80 | 0.67-0.95 | 0.82 0.69-0.98
999,999)
Very big city (>1 1.72 | 1.59-1.86 | 1.21 | 1.12-1.32 | 1.50 | 1.30-1.74 | 1.04 | 0.89-1.21 | 0.71 | 0.61-0.82 | 0.73 0.62-0.85
million)
Diagnosed HIV No Ref. Ref. Ref. Ref. | 1.00-1.00 | Ref. Ref.
Yes 6.52 | 6.24-6.81 | 3.97 | 3.77-4.19 | 4.98 | 4.57-5.44 | 3.18 | 2.89-3.51 | 1.94 | 1.76-2.15 | 1.76 1.57-1.96
Testing behaviour
STI screen No screening Ref. Ref.
6-12 months ago 0.89 | 0.81-0.97 | 0.66 | 0.61-0.72
1-6 months ago 222 | 2.11-2.34 | 1.14 | 1.08-1.21
Within the last 4 weeks | 4.00 | 3.77-4.24 | 1.72 | 1.61-1.84
Sexual behaviour
Number of sex partners, None or one Ref. Ref. Ref. Ref. | 1.00-1.00 | Ref. Ref.
previous 12 months 2-4 1.43 | 1.31-1.55| 1.49 | 1.31-1.69 | 1.60 | 1.34-1.90 | 1.54 | 1.18-1.99 | 1.10 | 0.93-1.30 | 1.07 0.83-1.38
5-7 2.18 | 2.00-2.38 | 2.18 | 1.90-2.51 | 2.66 | 2.23-3.17 | 2.59 | 1.96-3.42 | 1.16 | 0.97-1.39 | 1.17 0.89-1.54
8-10 2.93 | 2.66-3.22 | 2.68 | 2.31-3.10 | 3.65 | 3.03-4.41 | 3.28 | 2.47-4.37 | 1.45 | 1.20-1.76 | 1.39 1.04-1.84
11-20 3.80 | 3.52-4.11 | 3.21 | 2.80-3.68 | 4.97 | 4.24-5.82 | 4.14 | 3.16-5.43 | 1.34 | 1.14-1.58 | 1.29 0.98-1.69
>20 8.20 | 7.62-8.81 | 5.40 | 4.72-6.18 | 9.06 | 7.8-10.53 | 6.37 | 4.88-8.33 | 1.85 | 1.59-2.15 | 1.62 1.24-2.10
Anal intercourse, condom use with No non-steady partner | Ref. Ref. Ref. Ref. | 1.00-1.00 | Ref. Ref.
last non-steady partner No anal intercourse 1.92 | 1.77-2.09 | 0.70 | 0.62-0.80 | 2.60 | 2.21-3.05 | 0.89 | 0.69-1.15 | 1.01 | 0.86-1.20 | 0.77 0.59-1.00
No condomless anal 2.35 | 2.19-2.53 | 0.82 | 0.72-0.93 | 2.91 | 2.51-3.37 | 0.96 | 0.75-1.23 | 1.14 | 0.99-1.32 | 0.87 0.68-1.12
int.
Some condomless anal | 5.75 | 5.15-6.41 | 1.38 | 1.18-1.61 | 6.14 | 4.93-7.66 | 1.68 | 1.24-2.28 | 2.09 | 1.65-2.64 | 1.28 0.93-1.76
int.
Only condomless anal | 6.20 | 5.78-6.65 | 1.41 | 1.24-1.60 | 6.61 | 5.72-7.65 | 1.61 | 1.26-2.08 | 2.17 | 1.87-2.52 | 1.32 1.03-1.70
int.
Country-level proportion of survey participants screened in 2010 and 2017
In the full sample, screened with a blood-based STI test*
<17.54% Quartile 1 Ref. Ref.
17.54-24.54% Quartile 2 1.67 | 1.50-1.86 | 1.20 | 1.06-1.36 | 1.33 | 1.01-1.75 | 1.12 | 0.91-1.39
24.55-31.37% Quartile 3 1.74 | 1.61-1.89 | 1.23 | 1.06-1.42 | 1.41 | 1.05-1.91 | 0.93 | 0.73-1.20
31.38-47.20% Quartile 4 3.43 | 3.10-3.79 | 1.21 | 0.96-1.52 | 1.37 | 0.90-2.08 | 0.86 | 0.59-1.25
Random part o> | 95%CI | o* | 95%-CI | o> | 95%CI @ o | 95%CI | ¢° | 95%CI | o 95%-CI
Survey year Random Slope 0.14 | 0.07-0.29 n.a. 0.28 0.12-0.63
46 countries" Random Intercept 0.18 | 0.10-0.32 0.20 | 0.10-0.40 0.50 0.28-0.91
(Continued)
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Table 1. (Continued)

Full sample, excluding only MSM with missing answers Sub-sample of MSM screened*
Diagnosis of syphilis, any Diagnosis of syphilis, classified Diagnosis of syphilis, classified
(N =262,995) symptomatic (N = 270,164) asymptomatic (N = 71,462)
Fixed part OR | 95%-CI | AOR  95%-CI | OR @ 95%-CI | AOR | 95%-CI | OR | 95%-CI | AOR 95%-CI
Likelihood-ratio test’ df, p 28| p=0.01 24 p=1.0 22 n.a.

! This study includes 46 countries, with four European microstates included in neighbouring (Andorra, Liechtenstein) or surrounding (Monaco, San Marino) countries,
and with Albania, Montenegro and Kosovo merged to form a region; this results in 40 country-like entities included in the random part of the model.

% Includes only respondents screened with a blood-based STI test.

* comparing multilevel model with linear regression model.

* grouped by quartiles.

® comparing model in Table 1A with model in Table 1B. n.a. = not applicable.

https://doi.org/10.1371/journal.pone.0248582.t001

syphilis diagnosis. Increased frequency of STI-screening was associated with a higher probabil-
ity of a syphilis diagnosis. Increasing numbers of sexual partners and declining consistency of
condom use were both associated with higher odds of a syphilis diagnosis. Men who reported
no anal intercourse or only condom-protected anal intercourse with the last non-steady part-
ner had a lower likelihood for a syphilis diagnosis than men who had no non-steady partners
in the previous twelve months. Living in a country with screening rates for blood-based STI
tests in the second or third quartile of country-level screening rates was associated with a
higher probability of a syphilis diagnosis.

For syphilis infections classified as symptomatic, the associations and their direction in
the MMR model were similar to the overall syphilis model, with survey artefacts and sample
composition variables becoming non-significant except for diagnosed HIV and sexual behav-
iour variables showing stronger associations. As shown in Table 1B, the country-level propor-
tions of survey participants screened with blood-based STI tests were not significantly
associated with a diagnosis of symptomatic syphilis, and the inclusion of this variable did not
improve the model. This variable was only included in the model to allow comparison of the
impact of the inclusion of this country-level screening variable on the probability of symptom-
atic infections between Tables 1B and 2B.

For syphilis classified as asymptomatic, after controlling for all other explanatory vari-
ables, there was no significant difference between the two survey years; compared with symp-
tomatic syphilis, the probability for asymptomatic syphilis was much higher for the 2017
French language version, and much lower for men diagnosed with HIV. In contrast with
symptomatic syphilis, diagnosis probabilities decreased with increasing settlement size, and
associations with increasing partner numbers and decreased condom use were much weaker.

Multilevel multivariate regression models, gonorrhoea/chlamydia

For all self-reported diagnoses with gonorrhoea/chlamydia in the previous twelve months,
the MMR model in Table 2A still showed a significant difference for the two survey waves
after adjustment for all other factors included in the model; however this difference disappears
when country-level screening rates are included in the model in Table 2B. Respondents filling
in the 2017 French language version had higher probabilities to report a diagnosis of gonor-
rhoea/chlamydia in the previous twelve months, as had respondents whose questionnaires
contained any logical discrepancies, but both aORs were lower for gonorrhoea/chlamydia than
for syphilis. Age had a significant impact on diagnosis of gonorrhoea/chlamydia, with a 2%
decline per year increase. The probability for reporting a diagnosis of gonorrhoea/chlamydia
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Table 2. a. Univariable and multivariable regression analysis, main model: individual-level associations with gonorrhoea/chlamydia diagnosis. b. Univariable and
multivariable regression analysis, main model: individual-level associations with gonorrhoea/chlamydia diagnosis including impact of country-level' screening
rates on gonorrhoea/chlamydia diagnosis (intervention practices).

Full sample, excluding only MSM with missing answers Sub-sample of MSM screened>
Diagnosis of gonorrhoea/chlamydia, Diagnosis of gonorrhoea/chlamydia, Diagnosis of gonorrhoea/
any (N = 262,995) classified symptomatic (N = 266,407) chlamydia, classified
asymptomatic (N = 47,684)

Fixed part OR | 95%-CI | AOR 95%-Cl | OR | 95%-CI  AOR 95%-CI | OR | 95%CI  AOR | 95%CI

Time
Survey year 2010 Ref. Ref. 1| Ref. Ref. 1.00-1.00 | Ref. Ref.

2017 1.79 | 1.74-1.85 | 1.46 | 1.29-1.65 | 1.34 | 1.27-1.42 | 1.21 1.11-1.32 | 1.39 | 1.29-1.50 | 0.98 | 0.81-1.19
Survey artefacts
French translation Not used 2010/2017 Ref. .| Ref. n.a. .| Ref. 1.00-1.00 | n.a. Ref.
Used in 2010 1.27 | 1.16-1.40 | 0.86 | 0.74-1.01 | 0.91 | 0.76-1.09 | 0.71 0.57-0.89 | 2.87 | 2.38-3.45 | 1.50 | 1.11-2.01
Used in 2017 1.57 | 1.38-1.80 1.00 0.81-1.24 3.15 | 2.46-4.03
Discrepant data No Ref. Ref. Ref. Ref. 1.00-1.00 | Ref. X | Ref.
Yes 1.10 | 1.05-1.15| 1.06 | 1.01-1.12 | 0.99 | 0.91-1.07 | 0.90 0.83-0.99 | 0.98 | 0.88-1.09 | 1.01 | 0.90-1.13
Sample composition
Age Per year 0.99 | 0.99-1.00 | 0.98 | 0.98-0.98 | 0.99 | 0.99-0.99 | 0.98 0.97-0.98 | 0.99 | 0.98-0.99 | 0.98 | 0.98-0.98
Settlement size Village/countryside Ref. Ref. Ref. Ref. 1.00-1.00 | Ref. Ref.
(<10,000)

(inhabitants) Small town (10,000— 1.15 | 1.08-1.23 | 1.14 | 1.06-1.23 | 1.26 | 1.11-1.43 | 1.22 1.07-1.39 | 1.01 | 0.87-1.19 | 1.02 | 0.87-1.20
99,999)
Medium town (100,000- 1.58 | 1.48-1.68 | 1.43 | 1.33-1.53 | 1.66 | 1.47-1.87 | 1.45 1.28-1.64 | 1.17 | 1.01-1.35 | 1.15| 0.98-1.34
499,999)
Big city (500,000 2.02 | 1.89-2.16 | 1.65 | 1.53-1.77 | 2.11 | 1.87-2.38 | 1.69 1.49-1.92 | 1.18 | 1.01-1.38 | 1.13 | 0.97-1.33
999,999)
Very big city (>1 2.56 | 2.41-2.73 | 1.94 | 1.81-2.07 | 2.72 | 2.43-3.04 | 2.06 1.83-2.32 | 1.26 | 1.10-1.45 | 1.21 | 1.05-1.40
million)

Diagnosed HIV No Ref. Ref. Ref. Ref. 1.00-1.00 | Ref. Ref.
Yes 3.08 | 2.96-3.20 | 1.88 | 1.80-1.97 | 2.01 | 1.86-2.17 | 1.37 1.26-1.49 | 0.92 | 0.84-1.01 | 0.85 | 0.76-0.94

Testing behaviour
STI screen No screening Ref. Ref.

6-12 months ago 0.76 | 0.71-0.81 | 0.56 | 0.52-0.60
1-6 months ago 1.90 | 1.83-1.97 | 1.04 | 1.00-1.08
Within the last 4 weeks 3.41 | 3.25-3.57 | 1.56 | 1.48-1.64

Sexual behaviour
Number of sex partners, None or one Ref. Ref. Ref. Ref. 1.00-1.00 | Ref. Ref.
previous 12 months 2-4 1.71 | 1.60-1.83 | 1.97 | 1.78-2.18 | 1.83 | 1.63-2.06 | 1.88 1.58-2.25 | 1.33 | 1.14-1.56 | 1.33 | 1.07-1.67

5-7 290 | 2.71-3.11 | 3.21 | 2.88-3.59 | 3.24 | 2.88-3.64 | 3.23 2.67-3.89 | 1.53 | 1.30-1.80 | 1.50 | 1.18-1.92
8-10 4.03 | 3.74-4.34 | 4.21 | 3.76-4.72 | 4.02 | 3.53-4.58 | 3.88 3.19-4.72 | 2.04 | 1.72-2.42 | 1.99 | 1.55-2.56
11-20 5.75 | 5.40-6.12 | 5.91 | 5.31-6.58 | 5.36 | 4.80-5.99 | 5.13 4.27-6.18 | 2.32 | 2.00-2.68 | 2.30 | 1.81-2.91
>20 11.16 10.51- | 9.95 | 8.94-11.1 | 9.12 8.20- | 8.01 6.67-9.62 | 3.37 | 2.93-3.87 | 3.29 | 2.61-4.15
11.84 10.13
Anal intercourse, condom No non-steady partner Ref. Ref. Ref. Ref. 1.00-1.00 | Ref. Ref.

use with last non-steady partner No anal intercourse 2.66 | 2.50-2.83 | 0.70 | 0.63-0.77 | 2.81 | 2.52-3.14 | 0.85| 0.71-1.01 | 1.69 | 1.46-1.96 | 0.88 | 0.70-1.10
No condomless anal int. | 3.43 | 3.25-3.63 | 0.84 | 0.77-0.93 | 3.60 | 3.25-3.98 | 1.03 0.87-1.22 | 1.71 | 1.50-1.95 | 0.89 | 0.72-1.10
Some condomless anal 6.90 | 6.32-7.54 | 1.26 | 1.12-1.43 | 5.72 | 4.86-6.73 | 1.40 1.13-1.73 | 2.83 | 2.32-3.46 | 1.31 | 1.00-1.71
int.
Only condomless anal 6.88 | 6.50-7.28 | 1.31 | 1.19-1.45 | 5.73 | 5.17-6.35 | 1.47 1.24-1.74 | 2.83 | 2.48-3.23 | 1.42 | 1.15-1.77
int.

Random part o> | 95%-CI | o | 95%-Cl | o | 95%-CI | o 95%-CI o* | 95%-CI | o* | 95%-CI
Survey year Random Slope 0.10 | 0.06-0.19 0.01 0.00-0.06 0.16 | 0.08-0.36
46 countries" Random Intercept 0.32 | 0.20-0.52 0.31 0.18-0.52 0.04 | 0.01-0.12
Likelihood-ratio test® df, p 25 | p <0.001 22 p < 0.001 22 | p <0.001

Time

(Continued)
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Table 2. (Continued)

Full sample, excluding only MSM with missing answers Sub-sample of MSM screened?
Diagnosis of gonorrhoea/chlamydia, Diagnosis of gonorrhoea/chlamydia, Diagnosis of gonorrhoea/
any (N = 262,995) classified symptomatic (N = 266,407) chlamydia, classified
asymptomatic (N = 47,684)
Fixed part OR | 95%-CI | AOR | 95%-CI A OR | 95%-CI | AOR 95%-CI OR | 95%-CI | AOR | 95%-CI
Survey year 2010 Ref. Ref. 1| Ref. Ref. 1.00-1.00 | Ref. Ref.
2017 1.79 | 1.74-1.85| 0.88 | 0.68-1.13 | 1.34 | 1.27-1.42 | 0.83 0.60-1.17 | 1.39 | 1.29-1.50 | 0.83 | 0.68-1.01
Survey artefacts
French translation Not used 2010/2017 Ref. .| Ref. n.a. .| Ref. 1.00-1.00 | n.a. Ref.
Used in 2010 1.27 | 1.16-1.40 | 0.94 | 0.80-1.10 | 0.91 | 0.76-1.09 | 0.80 0.64-1.01 | 2.87 | 2.38-3.45 | 1.53 | 1.14-2.04
Used in 2017 1.53 | 1.33-1.75 0.91 0.73-1.13 3.14 | 2.46-4.01
Discrepant data No Ref. Ref. Ref. Ref. 1.00-1.00 | Ref. x| Ref.
Yes 1.10 | 1.05-1.15| 1.06 | 1.01-1.12 | 0.99 | 0.91-1.07 | 0.90 0.83-0.99 | 0.98 | 0.88-1.09 | 1.02 | 0.91-1.14
Sample composition
Age Per year 0.99 | 0.99-1.00 | 0.98 | 0.98-0.98 | 0.99 | 0.99-0.99 | 0.98 0.97-0.98 | 0.99 | 0.98-0.99 | 0.98 | 0.98-0.98
Settlement size Village/countryside Ref. Ref. Ref. Ref. 1.00-1.00 | Ref. Ref.
(<10,000)
(inhabitants) Small town (10,000— 1.15 | 1.08-1.23 | 1.14 | 1.06-1.23 | 1.26 | 1.11-1.43 | 1.22 1.07-1.39 | 1.01 | 0.87-1.19 | 1.01 | 0.86-1.19
99,999)
Medium town (100,000- | 1.58 | 1.48-1.68 | 1.43 | 1.33-1.53 | 1.66 | 1.47-1.87 | 1.45 1.28-1.64 | 1.17 | 1.01-1.35 | 1.13 | 0.97-1.32
499,999)
Big city (500,000~ 2.02 | 1.89-2.16 | 1.64 | 1.53-1.77 | 2.11 | 1.87-2.38 | 1.70 1.50-1.93 | 1.18 | 1.01-1.38 | 1.10 | 0.94-1.29
999,999)
Very big city (>1 2.56 | 2.41-2.73 | 1.94 | 1.81-2.07 | 2.72 | 2.43-3.04 | 2.06 1.83-2.31 | 1.26 | 1.10-1.45 | 1.16 | 1.01-1.35
million)
Diagnosed HIV No Ref. Ref. Ref. Ref. 1.00-1.00 | Ref. Ref.
Yes 3.08 | 2.96-3.20 | 1.89 | 1.80-1.98 | 2.01 | 1.86-2.17 | 1.37 1.26-1.49 | 0.92 | 0.84-1.01 | 0.85 | 0.77-0.94
Testing behaviour
STI screen No screening Ref. Ref.
6-12 months ago 0.76 | 0.71-0.81 | 0.56 | 0.52-0.60
1-6 months ago 1.90 | 1.83-1.97 | 1.03 | 0.99-1.08
Within the last 4 weeks 3.41 | 3.25-3.57 | 1.55 | 1.47-1.63
Sexual behaviour
Number of sex partners, None or one Ref. Ref. Ref. Ref. 1.00-1.00 | Ref. Ref.
previous 12 months 2-4 1.71 | 1.60-1.83 | 1.97 | 1.78-2.18 | 1.83 | 1.63-2.06 | 1.88 1.58-2.24 | 1.33 | 1.14-1.56 | 1.33 | 1.07-1.66
5-7 290 | 2.71-3.11 | 3.21 | 2.87-3.58 | 3.24 | 2.88-3.64 | 3.22 2.66-3.88 | 1.53 | 1.30-1.80 | 1.48 | 1.16-1.89
8-10 4.03 | 3.74-4.34 | 4.21 | 3.75-4.71 | 4.02 | 3.53-4.58 | 3.87 3.18-4.71 | 2.04 | 1.72-2.42 | 1.95 | 1.51-2.50
11-20 5.75 | 5.40-6.12 | 5.91 | 5.31-6.58 | 5.36 | 4.80-5.99 | 5.12 4.26-6.16 | 2.32 | 2.00-2.68 | 2.24 | 1.77-2.84
>20 11.16 10.51- | 9.95 | 8.94-11.1 | 9.12 8.20- | 7.99 6.65-9.60 | 3.37 | 2.93-3.87 | 3.16 | 2.51-3.99
11.84 10.13
Anal intercourse, condom use with last | No non-steady partner Ref. Ref. Ref. Ref. 1.00-1.00 | Ref. Ref.
non-steady partner No anal intercourse 2.66 | 2.50-2.83 | 0.70 | 0.63-0.77 | 2.81 | 2.52-3.14 | 0.85| 0.72-1.02 | 1.69 | 1.46-1.96 | 0.88 | 0.71-1.10
No condomless anal int. 3.43 | 3.25-3.63 | 0.85| 0.77-0.93 | 3.60 | 3.25-3.98 | 1.03 0.87-1.22 | 1.71 | 1.50-1.95 | 0.89 | 0.72-1.10
Some condomless anal 6.90 | 6.32-7.54 | 1.27 | 1.12-1.43 | 5.72 | 4.86-6.73 | 1.40 1.13-1.74 | 2.83 | 2.32-3.46 | 1.31 | 1.00-1.71
int.
Only condomless anal 6.88 | 6.50-7.28 | 1.32 | 1.19-1.45 | 5.73 | 5.17-6.35 | 1.47 1.24-1.75 | 2.83 | 2.48-3.23 | 1.40 | 1.13-1.74
int.
Country-level proportion of survey participants screened in 2010 and 2017
In the full samples, screened with a urine-based STI test (or genital swab) and an anal swab in the previous twelve months*
<1.92% Quartile 1 in 2010 or Ref. Ref.
2017
1.92-3.25% Quartile 2 in 2010 1.43 | 1.31-1.56 | 1.02 | 0.81-1.29 | 1.12 | 0.96-1.30 | 1.03 0.83-1.27
Quartile 2 in 2017 1.18 | 0.92-1.51 1.32 0.88-1.99
3.26-7.38% Quartile 3 in 2010 2.15| 1.95-2.38 | 1.69 | 1.31-2.19 | 1.58 | 1.33-1.87 | 1.29 0.99-1.68
Quartile 3 in 2017 1.36 | 1.09-1.69 1.63 1.11-2.40

(Continued)
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Table 2. (Continued)

Fixed part
7.39-36.00% Quartile 4 in 2010
Quartile 4 in 2017

OR
2.88 | 2.67-3.09

Full sample, excluding only MSM with missing answers

Diagnosis of gonorrhoea/chlamydia,

any (N = 262,995)

95%-CI

Among those screened, reports of anal swabbing as part of the testing intervention

No anal swab in 2010 or
2017

Anal swab in 2010
Anal swab in 2017

AOR

1.70
2.77

95%-CI
1.28-2.27
2.02-3.79

Diagnosis of gonorrhoea/chlamydia,
classified symptomatic (N = 266,407)

OR
1.72

95%-CI | AOR
1.51-1.97 | 1.32
1.82

95%-CI
1.03-1.69
1.23-2.69

Sub-sample of MSM screened?

Diagnosis of gonorrhoea/
chlamydia, classified
asymptomatic (N = 47,684)

OR | 95%-CI

Ref.

1.61 | 1.49-1.74

AOR

1.12
1.56

95%-CI

0.98-1.28
1.40-1.73

Random part

Survey year

46 countries’

Likelihood-ratio test®

o | 95%-CI | o> | 95%CI | o | 95%-CI | o 95%-CI o | 95%-CI | o | 95%-CI

Random Slope 0.10 | 0.05-0.19 0.00 0.00-5.24e 0.13 | 0.06-0.31
+17
Random Intercept 0.09 | 0.05-0.15 0.19 0.10-0.34 0.03 | 0.01-0.11

31 | p<0.001 28 p =0.001 24 | p <0.001

! This study includes 46 countries, with four European microstates included in neighbouring (Andorra, Liechtenstein) or surrounding (Monaco, San Marino) countries,

and with Albania, Montenegro and Kosovo merged to form a region; this results in 40 country-like entities included in the random part of the model.

% Includes only respondents screened with a urine-based STI test (or genital swab) or an anal swab.

* comparing multilevel model with linear regression model.

* grouped by quartiles.

% comparing model in Table 2A with model in Table 2B.

https://doi.org/10.1371/journal.pone.0248582.t1002

increased with larger settlement size (with higher aORs compared to syphilis). Having been
diagnosed with HIV was associated with gonorrhoea/chlamydia diagnosis, albeit not as strong
as for syphilis. Increased frequency of STI-screening was associated with a higher probability
for a gonorrhoea/chlamydia diagnosis (similar as for syphilis). Increasing numbers of sexual
partners were stronger associated with higher gonorrhoea/chlamydia diagnosis than seen for
syphilis, and declining consistency of condom use was less strongly associated with higher
diagnosis probabilities than for syphilis. Similar as for syphilis diagnosis, men who reported no
anal intercourse or only condom-protected anal intercourse with the last non-steady partner
had a lower risk for gonorrhoea/chlamydia diagnosis than men who had no non-steady part-
ners in the previous twelve months.

Living in a country with screening rates for genital and anal specimens in the third or
fourth quartile of country-level screening rates was associated with a higher gonorrhoea/chla-
mydia diagnosis probability.

For gonorrhoea/chlamydia classified as symptomatic, similar to the overall gonorrhoea/
chlamydia diagnoses in the previous twelve months model, the MMR model in Table 2A
showed a significant difference for the two survey waves after adjustment for all other factors
included in the model, while this difference disappeared in the model in Table 2B. Associations
with age and settlement size were comparable with the overall gonorrhoea/chlamydia model;
there was no impact of the 2017 French language version on symptomatic gonorrhoea/chla-
mydia. The association of symptomatic gonorrhoea/chlamydia diagnosis with diagnosed HIV
was weaker than in the overall model. Associations with partner numbers and condom use
with the last non-steady partner were similar for classified symptomatic and overall gonor-
rhoea/chlamydia diagnosis in the previous twelve months.
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Contrasting with the symptomatic syphilis model in Table 1B, where no impact of asymp-
tomatic screening rates on symptomatic diagnosis could be demonstrated, the country-level
screening rates for gonorrhoea/chlamydia showed interaction with the survey year and rates
were significantly associated with higher aOR for diagnosis of a symptomatic gonorrhoea/chla-
mydia infection. Living in countries placed in the two highest quartiles of screening rates for
asymptomatic gonorrhoea/chlamydia in 2010 and 2017 was associated with increased risks for
diagnosis of symptomatic gonorrhoea/chlamydia.

For gonorrhoea/chlamydia classified as asymptomatic, the MMR model in Table 2A
showed no significant difference for the two survey waves after adjustment for all other factors
included in the model, and this remained when including a further screening-related variable
in the model in Table 2B, further improving the model. Among the associations with the
French language version, discrepant data, age, and settlement size, only the association with
the French language version and age, and a weak association with very big cities remained sta-
tistically significant. The association with HIV diagnosis usually seen was reversed, suggesting
that having been diagnosed with HIV was associated with lower probability of an asymptom-
atic gonorrhoea/chlamydia diagnosis, than not living with diagnosed HIV. Associations with
condom use were similar with the two other gonorrhoea/chlamydia models, and the associa-
tion with partner numbers was much weaker.

To assess the impact of testing interventions in the model for asymptomatic gonorrhoea/
chlamydia the sampling of an anal swab was included in Table 2B as a survey wave interaction
term. Having provided an anal swab in 2017 was significantly associated with a higher diagno-
sis probability for asymptomatic gonorrhoea/chlamydia.

Discussion

We can demonstrate increases of self-reported overall, symptomatic and asymptomatic infec-
tions with syphilis and gonorrhoea/chlamydia in most of the 46 countries covered by EMIS-
2010 and EMIS-2017. The interpretation of factors and reasons associated with these increases
is challenging because many interacting factors changed: the age structure of the country sam-
ples was different, with higher age groups stronger represented in 2017 [31]; the proportion of
respondents with diagnosed HIV increased by approximately 35% from 7.7% in 2010 to 10.4%
in 2017; STT testing, particularly STI-screening of MSM increased considerably in many coun-
tries, both in coverage and frequency [8]; condom use for anal intercourse declined in most
countries; and at least among men with multiple non-steady partners, partner numbers
increased.

When a statistically significant difference between survey waves is losing significance in a
multivariate regression model, this indicates that the explanatory factors included in the
model may explain most of the differences observed between the two waves. Notably, the dif-
ference between the two survey waves for syphilis is already largely explained by the models
not containing the country-level screening rates (Table 1A), suggesting that mainly behaviour
change (and to a smaller extent sample composition) is responsible for increasing diagnosis
rates. Contrastingly, comparison of Table 2A and 2B suggests that for gonorrhoea/chlamydia
testing practices (often but not exclusively reflecting testing policies and guidelines) play a
much larger role and appear to contribute more to higher diagnosis rates than behaviour
change and sample composition. The role of testing practices would increase even more, if
screening frequency, which we considered an individual behaviour in our analysis, would be
considered a part of testing interventions. As demonstrated in many publications, routine
screening for gonorrhoea and chlamydia in extragenital sites in MSM reveals many, mostly
asymptomatic infections. Systematic screening studies suggest that gonorrhoea is almost
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equally distributed across genital, rectal and pharyngeal sites, while chlamydia is less frequently
identified in the pharynx, and more frequently in the rectum [16]. There is also emerging evi-
dence that most extragenital asymptomatic infections will clear spontaneously within weeks to
months [18,32]. Increasing frequency of screening should thus result in more diagnoses. The
impact of condoms on transmission of gonorrhoea/chlamydia is highly contested [33], since
of all conceivable modes of transmission only the genito-rectal and recto-genital mode would
be affected, and our findings would support an only moderate impact of declining condom use
on gonorrhoea and chlamydia transmission.

The association of higher partner numbers and declining condom use with higher rates of
sexually transmitted infections is an expected and unsurprising finding. For the interpretation
of associations with asymptomatic infections, it must be considered that the denominator is
different from the denominator for symptomatic infections. The denominator for asymptom-
atic infections is men who were screened for infections, and thus biased through self-selection
to screen for STIs. Considering this, the lower impact of partner numbers on asymptomatic
infections is less surprising. One would expect higher screening uptake among men with high
partner numbers, because risk perception is generally related rather to the total number of dif-
ferent partners than number of sex acts [34,35].

The associations we found for condom use with the risk of being diagnosed with an STI-
for both symptomatic and asymptomatic infections-have been reported elsewhere and are in
line with those findings: while condom use provides some level of protection, inconsistent
condom use is associated with similar risks as no condom use [36,37]. A stronger association
of condom use with symptomatic compared to asymptomatic infections is likely explained by
a higher probability of genital infections to cause recognizable symptoms that could be pre-
vented by condom use.

Since syphilis is more frequently found in men diagnosed with HIV than gonorrhoea/chla-
mydia, the stronger association of syphilis compared to gonorrhoea/chlamydia with diagnosed
HIV had to be expected and appears in line with published observations for respondents with
a last negative vs. positive HIV test result [28,29]. The fact that an opposite association can be
observed for asymptomatic gonorrhoea/chlamydia is surprising at first. Again, this may be
related to self-selection for high STI risk among respondents presenting for STI screening.
While people with diagnosed HIV may be screened as part of regular HIV care irrespective of
sexual risks, respondents without diagnosed HIV who undergo frequent STI screening may be
a group with high risk for STIs. It has been reported that e.g. men with a negative HIV test
result for HIV who take HIV pre-exposure prophylaxis have an equally high [38,39] or even
higher [8] probability to be screened and diagnosed with asymptomatic STIs as men living
with HIV.

The different impact of settlement size on syphilis and gonorrhoea/chlamydia diagnoses is
likely due to the different prevalence of the infections: sexual networks may be more important
than settlement size for syphilis due to the higher prevalence of syphilis in specific subgroups,
while gonorrhoea and chlamydia infection are more widespread in the general MSM popula-
tion [40].

A higher impact of the French translation issue on the odds for diagnosis of asymptomatic
infections is highly plausible. If respondents understood the question as whether they had
been tested for and not diagnosed with the respective infection, the probability to over report
infections would be higher when testing was not triggered by symptoms. We would like to
emphasize that we controlled for a potential overestimation of STI diagnoses in French
questionnaires.

Finally, further associations remain to be explained: age and the country-level variables,
particularly how the rates of diagnosed asymptomatic infections with gonorrhoea/chlamydia
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might impact symptomatic infections with gonorrhoea/chlamydia, and the different effect of
anal swabs on diagnosis of asymptomatic gonorrhoea/chlamydia in 2010 and 2017.

We believe that the growing effect of anal swabbing on the diagnosis of asymptomatic
gonorrhoea/chlamydia 2017 as compared to 2010 reflects the increased sampling of pharyn-
geal swabs for gonorrhoea/chlamydia in addition to anal swabbing since 2010. While the sam-
pling of pharyngeal swabs had not been queried in the questionnaire, sampling of pharyngeal
swabs is almost always accompanied by sampling of anal swabs (but not vice versa). The inclu-
sion of the anal swab survey wave interaction term might therefore indicate the effect of addi-
tional increased pharyngeal swabbing on the diagnosis of asymptomatic gonorrhoea (and to a
much lesser extent chlamydia).

For gonorrhoea and chlamydia, two infections that are often asymptomatic and clear spon-
taneously by not well-understood immune responses [17,41-43], the association between
symptomatic infections and country-level rates of screening for asymptomatic infections with
gonorrhoea/chlamydia would be compatible with the arrested immunity hypothesis [44,45].
According to this hypothesis, early diagnosis and treatment of asymptomatic infections might
abrogate the development of an effective immune response to the pathogen and thus may pre-
vent the development of a status of decreased susceptibility to re-infection and subsequent sus-
ceptibility to re-infection. We identified this association between increased asymptomatic
screening and increased symptomatic infections in the model for symptomatic gonorrhoea/
chlamydia. Declining probability for infection with increasing age in this scenario might also
reflect the development of a status of decreased susceptibility through repeated lifetime expo-
sures, asymptomatic infections and subsequent clearance.

An alternative explanation for the association with country-level screening could be resid-
ual confounding/collinearity between the country-level variables and high rates of symptom-
atic gonorrhoea/chlamydia. However, we believe that the lack of association of screening rates
for syphilis on symptomatic syphilis does not support this explanation.

We cannot claim that our data provide conclusive evidence that high rates of asymptomatic
screening contribute to increasing rates of symptomatic gonorrhoea and chlamydia infection,
because our data cannot prove causality, and we cannot exclude residual confounding. At the
same time, we can affirm that our data do not provide evidence that increased screening for
asymptomatic gonorrhoea and chlamydia infections reduces the prevalence of symptomatic
infections with these two bacteria—although this is the public health gain that is promised for
increased screening. One could only argue that the prevalence of gonorrhoea and chlamydia
might be even higher without screening and that we have not screened enough to see the
desired effects. With close to complete and highly frequent screening of the MSM population
for asymptomatic gonorrhoea and chlamydia it might theoretically be possible to eliminate
these two infections among MSM-but it is highly doubtful whether such levels of large-scale
high frequency screening would ever be feasible and sustainable [46].

Even if our data are inconclusive, they raise serious doubts about the promises of increased
screening for gonorrhoea and chlamydia. If there is some truth in the arrested immunity
hypothesis, it is conceivable that increased screening for gonorrhoea/chlamydia may do more
harm than good, both on the individual and the public health level-and our data would be
compatible with this view [47]. So far there is a noticeable lack of published evidence for indi-
vidual or public health benefits of increased gonorrhoea/chlamydia screening among MSM. It
is time to critically review the evidence base and assess the current move to further increase
screening. More research and less assumption-based approaches are necessary.

The conclusions regarding syphilis are different. For all reported syphilis infections, we
observed a significant association with increasing screening rates, but we saw no effect of
screening rates on rates of symptomatic syphilis. Contrary to gonorrhoea and chlamydia,
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serious long-term sequelae after varying periods without clinical symptoms represent the typi-
cal course of syphilis. Testing for asymptomatic infections is therefore advised to prevent pos-
sible long-term sequelae. Even if delaying testing and treatment may induce a stronger
immune response against syphilis and thus may attenuate symptoms when re-infections occur
[48], the risk of progressive disease is likely to be too high to dispense regular testing and treat-
ment of active infections.

Limitations

There are several limitations to our analysis. EMIS-2010 and EMIS-2017 were both large low-
threshold cross-sectional online surveys: All diagnosis and behaviour data are self-reported
and thus can be subject to social desirability bias, recall bias, erroneous attribution of symp-
toms to an infection diagnosis, and confusion of different STIs. The question regarding symp-
toms related to the last ST test and not specifically to the diagnosed STIs. We cannot rule out
that symptoms were caused by STIs not queried (such as e.g. M.genitalium) or omitted from
this analysis (such as e.g. anal/genital warts). When people had more than one STI test in the
previous twelve months, infections diagnosed during these other tests could not be classified
as symptomatic or asymptomatic. Also, the answer to this question could be missing or the
question could have been misunderstood or misinterpreted. As a result, between 50% and 55%
of the reported infections in the two survey rounds could not be classified either as symptom-
atic or asymptomatic. A response to STI screening was missing from 5.5% of the respondents
in 2010 and from 3.6% in 2017, and across demographic and behavioural variables non-
response was associated with factors that are also associated with a lower probability for being
tested and diagnosed with an STIL. The questionnaires did not query whether pharyngeal swabs
were applied, thus we can only indirectly determine how much pharyngeal swabbing has
increased and contributed to (mostly asymptomatic) diagnoses of gonorrhoea and chlamydia.
We cannot determine the location of these infections, and we do not know whether the symp-
toms reported by the respondents were related to the infections that have been diagnosed. For
syphilis, we do not know which proportion of the diagnoses that were reported were indeed
active infections requiring treatment, because we have not queried STI treatment. We also do
not know which tests have been used to diagnose the infections, and whether there are relevant
differences regarding sensitivity and specificity of tests across countries. For example, some
respondents may report a reactive rapid test for syphilis antibodies as a syphilis diagnosis,
while others only report a confirmed active infection. It is conceivable that the increasing use
of PrEP among MSM has an impact on STI diagnoses that is not fully explained by partner
numbers and screening frequency. While PrEP use was assessed in 2017, there were no ques-
tions on PrEP in 2010, and the PrEP variable was thus not part of our dataset. The potential
impact of PrEP use on syphilis diagnoses will be analysed in a separate publication that is cur-
rently in preparation.

Conclusions

We observed a growing number of bacterial STT diagnoses among respondents of two large
online surveys for MSM between 2010 and 2017 in most, but not all European countries. Dis-
tinguishing between symptomatic infections and asymptomatic infections demonstrates that
increased uptake, frequency, and comprehensiveness of screening contributed considerably to
these increases. In addition, behaviour changes such as declining condom use, and increasing
numbers of sexual partners, contributed to increasing STI transmission.

Our data suggest that increasing screening frequency and the proportion of MSM screened
for gonorrhoea/chlamydia may not help to reduce the numbers of symptomatic infections; it
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may even contribute to a further increase. A conceivable biological explanation for such a par-
adoxical effect could be the disruption of immunological clearance of asymptomatic infections
with a subsequent state of reduced susceptibility to re-infection by early detection and treat-
ment and a rapid re-establishment of susceptibility to re-infections.

More research on the natural history of asymptomatic gonorrhoea/chlamydia cases and on
beneficial and adverse effects of this STT control strategy is urgently needed before adopting a
“search-and-treat” strategy for these two infections among MSM. Abandoning screening and
treatment would of course raise new questions: how should sexual partners of men with symp-
tomatic gonorrhoea/chlamydia infection be managed? Many PrEP guidelines use the diagnosis
of STTs, particularly rectal STIs, as an indication to discuss HIV-PrEP. The overarching ques-
tion remains what the consequences of not diagnosing many of these STIs are (from both indi-
vidual and public health perspectives).
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