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Background: The incidence of sexually transmitted infections (STIs) version 2 v v
has been noted to vary dramatically between population groups and (revision) _
over time. Here, the hypothesis that changes in network connectivity 39 auq2022 e e
underpin these changes is explored.
Methods: The incidence/prevalence estimates of HIV, herpes simplex version 1 2 o
virus-2, syphilis, chlamydia, and gonorrhoea, as well as two markers of 20 Aug 2020 V‘;W W;W
sexual network connectivity (partner concurrency and multiple
partnering) by ethnic group and sexual orientation in Kenya, South 7 mmmmmmmmmmmmm—m—m————
Africa, the United Kingdom (UK) and the United States (USA) were 1. Christine Khosropour =/, University of
extracted from published studies. Pearson’s correlation was used to Washington, Seattle, USA
test the association between the markers of network connectivity and
the incidence/prevalence of these five STIs. A literature review was 2. Itzchak Levy, Tel-Aviv University, Tel-Aviv,

performed to evaluate the possible causes of the increases and
decreases in syphilis incidence over the past 60 years.

Results: In each country, the five STIs were found to cluster in Sheba Medical Centre, Tel-Aviv, Israel
particular ethnic groups and sexual orientations and to be positively
associated with the two markers of network connectivity. Syphilis
incidence in the UK and USA was found to increase dramatically in the ~ article can be found at the end of the article.
1960s/1970s, decline in the 1980s and again increase in the late 1990s.

These changes took place predominantly in men who have sex with

men, and were preceded by corresponding changes in network

connectivity. The large decline in antenatal syphilis prevalence in

Kenya and South Africa in the 1990s were likewise preceded by

declines in network connectivity.

Conclusions: Although other explanatory variables are not controlled

for, the present analysis is compatible with the hypothesis that

differential network connectivity is a parsimonious explanation for

variations in STI incidence over time and between populations.
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147673 Amendments from Version 1

All of the criticisms made by the two reviewers have been
addressed in the new version. These include a change to the title
of the article, changes to the introduction which detail how the
four countries used in the study were selected, more details in
the methods (including more clearly defined terms), a number of
additional limitations added to the discussion and the inclusion
of importance of development of STI vaccines to control STI
spread.

Any further responses from the reviewers can be found at
the end of the article

Introduction

The reasons underpinning the dramatic variations in sexually
transmitted infection (STI) incidence between different popu-
lations are incompletely understood'”. Not infrequently the
incidence of specific STIs varies by an order of magnitude or
more between ethnic groups and between groups defined accord-
ing to sexual orientation'. Furthermore, over the past century,
there have also been numerous examples of dramatic changes in
the incidence of specific STIs. The incidence of syphilis in men
who have sex with men (MSM) in the United States (USA), for
example, was high in the 1970s, but declined dramatically in the
early 1980s only to return to 1970s levels more recently
(Figure 1)’. In this paper we test the hypothesis that differences
in the connectivity of local sexual networks play an important
role explaining these cross sectional and longitudinal variations
in STI incidence®’. Although the connectivity of local sexual
networks is determined by a number of parameters, we focus on
two of the most important - the rate of partner change and the
proportion of partnerships that run concurrently®”’. Previous
analyses have typically found that one, or a combination of
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markers of network connectivity, are raised in populations with
a higher prevalence of a particular STI***!, These studies have
however typically been limited to single countries and frequently
only investigated variations in a single STI and either consid-
ered variations between ethnic groups or sexual orientations
but not both''~’. Global country-level analyses have produced
a mix bag of results with a small number of studies’* finding
positive associations between markers of network connectivity
and STI prevalence, and a larger number finding no
association”°. A possible explanation for this discrepancy is
a type of misclassification bias that could be termed a ‘fruit
salad bias’**?’. It is increasingly appreciated that each country
is made up of a number of sexual networks (defined by sexual
orientation, ethnicity, class, religion etc.) that interconnect to
varying degrees>"”*. If the connectivity of these sexual networks
is a major determinant of STI prevalence, then it would be
most appropriate to compare the association between network
connectivity and STI prevalence between sub-populations
of sexual networks within a country rather than combining them
all into one national population (fruit salad) as a number of
studies have done'®***,

These insights provided the motivation for the current paper
where we aimed to conduct a more systematic analysis of the
association between network connectivity and STI prevalence in
national subpopulations. The current study expands the
previously conducted analyses of this association in four ways.
Firstly, this association was assessed in four countries: two
high income countries (the United Kingdom [UK] and [USA])
where STIs are predominantly concentrated in MSM and
certain ethnic groups and two low/middle income countries
that have been affected by generalized HIV epidemics (Kenya
and South Africa) but where certain ethnic groups have largely
escaped this epidemic. These countries were chosen due to
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Figure 1. Incidence of primary/secondary syphilis in the United States (MSM and heterosexual men; cases per 100 000/
population) between 1963-2013 and cases of primary, secondary and early latent syphilis diagnosed in men and women in
England and Wales between 1950 and 2015. Beginning of ‘AIDS’ epidemic and introduction of ‘ART" - antiretroviral therapy - indicated

with arrows.
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the familiarity of the author with these countries and the avail-
ability of nationally representative datasets with both sexual
behaviour and STI prevalence data. Secondly, in each country
we assess this association at the levels of both ethnic groups
and MSM versus heterosexuals. Thirdly, we assess this asso-
ciation in five STIs (chlamydia, gonorrhoea, HIV, herpes
simplex virus-2 [HSV-2] and syphilis). Fourthly, we conduct
longitudinal analyses over the past 60 years to assess if
increases and decreases in syphilis incidence and prevalence are
preceded by corresponding changes in network connectivity.

Methods

Data sources

A search was conducted on PubMed and Google Scholar
on 15 February 2020 using the following terms: ‘chlamydia’,
‘gonorrhoea’, ‘HIV’, ‘HSV-2’, ‘syphilis’, ‘concurrency’, ‘multiple
partnering’, ‘Kenya’, ‘South Africa’, ‘UK’, ‘United Kingdom’,
‘USA’, ‘United States’, ‘men who have sex with men’, “MSM”.

Cross sectional STI data. The incidence and prevalence esti-
mates of chlamydia, gonorrhoea, HIV, HSV-2, syphilis, concur-
rency and multiple partnering in Kenya, South Africa, the UK, and
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USA were extracted from published studies, as detailed in
Table 1 and Table 2. When two or more studies were found,
we favoured data from studies based on nationally repre-
sentative samples. Where this data was not available other
sources were used such as detailed in Table 2. In addition, for
the cross-sectional analyses, we limited studies to those based
on data from after the year 1990 and favoured the most recent
data.

Symptomatic STI: In the case of Kenya and South Africa, we
could not find high quality data on STI prevalence, or behaviour
reported by sexual orientation. In addition, we could not find
reasonable quality data reporting the incidence/prevalence of
chlamydia or gonorrhoea by ethnic group in these two countries.
As a result, we use the proportion of men reporting urethral
discharge as a composite proxy for combined chlamydia plus

29,30

gonorrhoea incidence per ethnic group”

Longitudinal syphilis data. We chose syphilis for the evaluation
of longitudinal changes in STI prevalence for a number of
reasons, including the fact that syphilis surveillance programmes
from the four countries have provided reasonable quality

Table 1. Description of sources of data for comparison between ethnic groups: prevalence of STIs, multiple partners,

Study type, selection procedure, sample size

The 2007 Kenya AIDS Indicator Survey used a stratified two stage sampling strategy

to test a nationally and provincially representative sample of 15 853 15 to 64 year

The 2008 Kenya Demographic and Health Survey used a household-based, two-
stage stratified sampling approach to recruit 12 677 participants.

The Population Services International (PSI) Survey /Kenya 6th HIV Survey conducted
in 2011 used a two stage cluster sampling to obtain a provincially representative

sample of households from seven of Kenya's eight provinces (the North East was
excluded). A total of 3 051 men and women 15-49 year old were included.

A two-stage, nationally representative sample of 23 275 persons 2 years old or older.

We limited our analysis to the 13 884 individuals aged 15 to 49 years old.

The prevalence of HSV-2 was assessed in the 2012 national antenatal HIV and HSV-2

survey. The prevalence of HSV-2 was estimated for 18 732 women in four provinces -
Gauteng, KwaZulu-Natal, Northern Cape and Western Cape. The Focus HerpesSelect
2 ® ELISA IgG Diagnostic kit was used as the diagnostic test.

A sample of 17 318, 15-49 year old women attending antenatal clinics for their first

visit were tested for syphilis via the RPR or VDRL test.

The 1998 Demographic and Health Survey employed a 2-stage sampling strategy in

South Africa’s nine provinces and stratified results into urban and non-urban groups.
It was designed to be representative for all provinces and the four major ethnic/
racial groups. 6578 men were asked if they had experienced symptoms of a urethral
discharge in the last 3 months. Men were not asked questions about their sexual

concurrency.
Country Year data
collected,
reference
Kenya
HIV, HSV-2 & syphilis 2007
olds.
Male urethral discharge  2008*
& circumcision
Concurrency & multiple  2011°%*
partners
South Africa
HIV 2005*
HSV-2 2012%
Syphilis 1991
Male urethral discharge  1998%
behaviour in this survey.
Concurrency, Multiple 20034

partners & circumcision

The 2003 Demographic Health Survey (DHS) used a similar study design to the 1998
DHS. The survey sampled 7966 women and 3930 men. All were 15-49 year old.
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Study type, selection procedure, sample size

National Surveys of Sexual Attitudes and Lifestyles 3 recruited a probability sample of
15 162 women and men aged 16-74 years in Britain. Participants were interviewed
with computer-assisted face-to-face and self-completion questionnaires. Urine from
a sample of participants aged 16-44 years who reported at least one sexual partner
over the lifetime was tested for HIV antibodies.

The incidence figures for these three STIs by ethnic group were extracted from

the Public Health England report for 2018: Sexually transmitted infections and
screening for chlamydia in England. The figures were reported separately for men
and women but not combined. We report the results for men. The rank order of
each STl incidence by ethnic group did not differ by sex**. The results are reported as
infections per 100 000 population per year.

The second British National Survey of Sexual Attitudes and Lifestyles (NATSAL 2) was
a nationally representative sample of 11161 men and women aged 16-44 years>. We
extracted the relevant variables from a study which broke down the various sexual
behaviour variables by ethnic group and sex*". Men were asked if they had ever been

HIV prevalence at the end of 2006 was estimated using information from the
national HIV/AIDS Reporting System.

HSV-2 seroprevalence was assessed in a nationally representative sample of 7 293
persons 14-49 years in the NHANES 2005-2008 sample.

Sera from 5767, 18- to 49-year-old participants in the NHANES 2001-2004 were
tested for syphilis IgG antibody using an enzyme immunoassay (EIA). Specimens with
positive or indeterminate EIAs underwent rapid plasma reagin (RPR) testing.

The incidence estimates for gonorrhoea, chlamydia and syphilis are based on the
CDCs 2017 STD Surveillance Report. They are reported as infections per 100 000

Country Year data
collected,
reference
United Kingdom
HIV & Male urethral 2010-2012"
discharge
Chlamydia, gonorrhoea 2018
& syphilis
Concurrency, multiple  2000°%4°
partners, STI symptoms
diagnosed with an STI.
USA
HIV 2006*
HSV-2 2005-2008*
Syphilis 2001-2004+
Gonorrhoea & 2017+
Chlamydia & Syphilis
population per year.
Concurrency & Multiple 19927

partners

The prevalence of concurrency and multiple partners were taken from the 1992
National Health and Social Life Survey (NHSLS). This was a cross-sectional study that
used a nationally representative stratified random sample of 3 432 women and men
between the ages of 18 and 59.

Abbreviations: STI - sexually transmitted disease, DHS - Demographic and Health Survey, NATSAL - National Survey of Sexual Attitudes and Lifestyles,

NHANES - National Health and Nutrition Examination Surveys.

estimates of syphilis incidence for the last 60 years and longer
— a far longer period than that for which reasonable incidence
estimates are available for other STIs*. To a large extent, this is
related to the fact that relatively accurate serological tests have
been available for the diagnosis of syphilis for longer than
other STIs and these have been extensively used to diagnose
antenatal syphilis“~. Antenatal syphilis surveys have been
shown to produce reasonable estimates of the prevalence of
syphilis in the general population*~. For Kenya and South
Africa, we used large antenatal syphilis prevalence surveys -
national in the case of South Africa and limited to the capital
in the case of Kenya (Table 1). For the UK and USA, we used
incidence estimates based on national case reporting data
(Table 1). In the UK, the sexual orientation of individuals with
syphilis was not available for much of this period and thus
we follow the example of others who compare the ratio of the
incidence in men to that in women as a proxy for the incidence in
MSM].«M,-W'

Multiple partners and concurrency. Studies use a wide variety
of definitions of multiple partnering and concurrency.

Concurrency: In all the comparisons of ethnic groups, excluding
the UK, the prevalence of concurrency was defined as the
percentage of men (15-49 years old) who reported having
two or more sex partners at the time of the survey. In the UK,
concurrency referred to the percentage of men who reported
any overlapping sexual relationships in the past year”. In the
comparisons of sexual orientations, for the USA, concurrency
was defined as the respondent reporting two or more sexual
partnerships with overlapping dates in the prior year’’. As far as
the UK was concerned, this referred to the proportion reporting
overlapping sexual partnerships at any point in the past 5 years’'.

Multiple partners: For the ethnic group comparisons, the

prevalence of multiple partners was defined as the percentage
of men (1549 years old) who reported having two or more
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Table 2. Description of sources of data for comparison between men who have sex with men and heterosexual men:
prevalence of STIs, multiple partners and concurrency.

Data source. Study type, selection procedure, sample size

HIV prevalence estimates for MSM and heterosexual men were taken from an analysis
of the National Health and Nutrition Examination Survey (NHANES) 2009-2012 survey.
Men who reported ever having had sex with another man were classified as men who
have sex with men (MSM). Men who reported no sex with other men were classified as

CDC STI surveillance reports note that with the exception of reported syphilis cases,
nationally notifiable STI surveillance data do not routinely include information on sexual
partners/orientation., As a result this data is missing for the majority of gonorrhoea and
chlamydia cases reported to CDC*. No estimates are therefore provided for chlamydia
or gonorrhoea incidence. The primary and secondary syphilis incidence estimates for
2013 (reported as cases per 100 000 population per year) are taken from a paper that
estimated incidence in MSM and heterosexual men based on cases of primary and
secondary syphilis reported to the CDC between 1963 and 2013".

Sexual behaviour data was taken from a paper that compared sexual behaviour
patterns between MSM and male and female heterosexuals aged 18-39 in the USA.
Their data was obtained from 4 population-based random digit dialling surveys. A
1996-1998 survey in 4 U.S. cities and 2 Seattle surveys (2003, 2006) provided estimates
for MSM; a 2003-2004 Seattle survey provided data about heterosexual men and
women. The multiple partner variable refers to the mean lifetime number of partners
reported by respondents (aged 35-39 years). Concurrency was defined as the
respondent reporting two or more sexual partnerships with overlapping dates in the

HIV prevalence estimates were taken from the Public Health England's report ‘HIV in the
UK, 2016"°. These figures are based on a Bayesian multi-parameter evidence synthesis
model, which combines data from multiple sources to provide prevalence estimates for

The incidence figures for these three STIs were taken from Public Health England's
report ‘Sexually transmitted infections and screening for chlamydia in England, 2018"*.
This report provides incidence estimates for chlamydia, gonorrhoea and syphilis for
heterosexual men, heterosexual women, HIV-infected MSM and ‘HIV-uninfected or
HIV-undiagnosed MSM' in 2018. We report the results for the first and last two of these
categories. There was little difference in the incidence estimates for heterosexual men

Country Year data
collected,
reference

USA
HIV 2009-12°

heterosexual men.
Chlamydia, 20137+
gonorrhoea and
syphilis
Concurrency, 1996-2006"
multiple partners

prior year".
United Kingdom
HIV 2016

HIV for different sub populations™.
Chlamydia, 2018*
gonorrhoea and
syphilis

and women-*,
Concurrency, 2012

multiple partners

The third British National Survey of Sexual Attitudes and Lifestyles (NATSAL 3) was

a nationally representative sample of 15,162 men and women aged 16-74 years
conducted in 2012°". We extracted the relevant variables from a study report which
provided prevalence estimates of sexual behaviour for MSM and heterosexual men. The
multiple partnering variable referred to the mean lifetime number of sexual partners
reported by respondents. The proportion reporting overlapping sexual partnerships at
any point in the past 5 years was used as the measure of concurrency.

sex partners in the last year. In the UK, this variable was not
reported by ethnic group. As a result, multiple partnering here
refers to the percentage of men who reported one or more new
heterosexual relationship in the prior year. For the MSM vs.
heterosexual comparisons, this variable referred to the mean
lifetime number of sexual partners reported by respondents in
the UK (aged 16—74) and the USA (aged 35-39).

These variations in definitions between studies mean it would
be inappropriate to compare these variables between studies.

Since all the studies we used were limited to specific countries,
we only compare subpopulations within each study/country.

Regions vs. ethnic group in Kenya. Many of the national
STI surveillance surveys in Kenya do not collect data on
ethnic group®’. There is however a high correlation between
region of residence and ethnic group, with large differences in STI
incidence and sexual behaviour between regions™”. We
therefore follow the approach used in previous studies and use
region of residence as a proxy for ethnic group**>*.
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Stratification of data by ethnic group:
Each study reported the variables under consideration stratified
by ethnic group. We used this data for our analyses.

Statistical analysis

We report the incidence/prevalence of the five STIs, mul-
tiple partnering and concurrency by ethnic group (all four
countries) and MSM vs. heterosexuals in each country with
available data (UK and USA). Where this data is provided,
we report 95% confidence intervals. We used the Chi-squared
test to assess if there was a difference in incidence/prevalence
between the subgroups with the highest and lowest incidence/
prevalence values in each country. For continuous variables (life-
time number of partners) the Man-Whitney U test was used.
The correlation between the prevalence of the different STIs
per subgroup in each country, and between the prevalence of
each STI and the two behavioural variables was calculated using
Pearson’s correlation. Because of the small sample sizes
(between 2 and 8), tests of statistical significance were not
performed for these calculations. In the case of UK and
USA, the STI data is presented as an estimated incidence per
100 000 per year without reporting the number of cases and
the total size of the study populations. As a result, we did not
test if the association between the prevalence of each STI and
each of the markers of network connectivity is statistically
significant. The key differences were however large, which
allows substantive inferences to be drawn. Where data was only
provided in graphical form, we digitized the data using GetData
Graph Digitizer version 2.26. STATA v15.2 was used for all
analyses (StataCorp LLC, College Station, TX, USA).

Longitudinal association between network connectivity
and syphilis prevalence/incidence

A literature review was performed to evaluate the possible
causes of increases and decreases in syphilis incidence in each
subpopulation. We used a narrative approach here to evaluate
if there was evidence from the literature that increases and
decreases in syphilis prevalence were preceded by correspond-
ing changes in markers of network connectivity. The approach
adopted was not to perform a systematic review or a quantitative
analysis, but rather to assess if there is evidence in the literature
that corroborates or refutes the network connectivity hypothesis.

Terminology

Sex, gender, ethnicity and race: Where this was specified,
each data source used a slightly different definition of sex, gen-
der, ethnicity and race. Wherever possible, we used the same
terms used in these original sources.

Results

Cross sectional analyses

Kenya

Ethnic group

HIV prevalence varied 15-fold between 0.9% (95% con-
fidence interval [CI] 0.3-4%) in the North East and
13.9% (95% CI 11.0-17.9%) in Nyanza (Figure 2; Table 1,
Table 4 & Table 7). HSV-2 prevalence varied 5-fold between
15.6% and 76.2% in these same two regions. The prevalence
of syphilis varied 5-fold between 0.5% (95% Cl 0.2-1.4%)
and 2.5% (95% CI 1.8-3.4%) in these same two regions.
Likewise, the percentage of men reporting urethral discharge

F1000Research 2022, 9:1009 Last updated: 20 SEP 2022

in the prior year varied between 0.0% (95% CI 0.0-0.5%) and
3.5% (95% CI 2.0-5.8%; all P<0.001) in the same two regions.
The prevalence/incidence of male urethral discharge, HIV,
HSV-2 and syphilis by region were positively correlated with
each other (1-0.35 to r-0.77; Figure 2, Table 6).

The region with the lowest HIV prevalence (the North East) was
not included in the behavioural survey that provided our data.
Other data sources have however found the rate of multiple
partnering in this region to be very low’. In our data, the region
with the second lowest HIV prevalence (Eastern) had the low-
est reported prevalence of multiple partnering (12.2%; 95% CI
7.4-19.5%) and concurrency (6.4%; 95% Cl 4.2-92%; all
P<0.001). Nyanza reported the highest prevalence of multiple
partnering (30.6%; 95% CI 23.8-38.3%) and the second highest
prevalence of concurrency (18.2%; 95% CI 14.9-21.9%).

With the exception of syphilis, which was negatively associ-
ated with concurrency prevalence (r- -0.34), the prevalence of
each STI was positively correlated with both the multiple part-
nering (r-0.38 to 1-0.84) and concurrency (r-0.42 to 1-0.72)
variables.

South Africa

Ethnic group

HIV prevalence varied 40-fold between 0.5% (95% CI
0.3-1.1%) in the White group and 19.9% (95% ClI
18.3-21.7%) in the Black group (Figure 2; Table 4). HSV-2
prevalence varied 5-fold from 6.3% to 31.3% between the
same groups. The prevalence of syphilis varied 21-fold
between 0.4% (95% CI 0.1-0.9%) and 8.3% (95% CI 7.8-8.8%)
in these same two groups. Likewise, the percentage of men
reporting urethral discharge in the prior year varied 7-fold
between 2.0% (95% CI 0.7-3.2%) and 132% (95% CI
12.2-14.2%) in the same groups (all P<0.001). The preva-
lence/incidence of male urethral discharge, HIV, HSV-2 and
syphilis by ethnic group were positively correlated with each
other (r-0.78 to r-0.98; Figure 2, Table 6).

The Black group reported a 5-fold higher prevalence of con-
currency and a 3-fold higher prevalence of multiple partners
than the White group (9.2% ,95% CI 7.1-12.0% vs. 2.0%, 95%
CI 0.3-12.5% and 16.0%, 95% CI 13.9-18.3% vs. 4.9%, 95%
CI 2.1-11.2%, respectively; all P<0.001). The prevalence of
each STI was positively correlated with both the multiple part-
nering (r-0.87 to r-1.00) and concurrency (r-0.85 to 1-0.99)
variables (Table 6).

USA

Ethnic group

HIV prevalence varied 8-fold between 0.2% (95% CI
0.2-0.2%) in the non-Hispanic White group and 1.7%
(95% CI 1.6-1.8%) in the non-Hispanic Black group
(Figure 2, Table 4). The incidence of syphilis varied 4-fold
between 5 and 24 per 100 000 per year in these same two groups.
Likewise, the incidence of chlamydia varied 5-fold
and that of gonorrhoea 8-fold between the same groups
(all P<0.001). The prevalence/incidence of chlamydia, gon-
orrhoea, HIV, HSV-2 and syphilis by ethnic group were
strongly positively correlated with each other (r-0.97 to r-1.00;
Table 6).
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Figure 2. Incidence/prevalence of HIV, HSV-2, chlamydia, gonorrhoea, syphilis, male urethral discharge (MUD), partner
concurrency and multiple partnering (MP) by ethnic group in Kenya, South Africa, the United Kingdom and the United States of
America. For all countries, HIV, HSV-2, male urethral discharge, multiple partners and concurrency prevalence are reported as percentages.
The same is true for syphilis in Kenya and South Africa. In the USA and the UK, chlamydia, gonorrhoea and syphilis are reported as cases per

100 000 per year (Point estimates with 95% Confidence Intervals; see Table 1 for sources of data).

The non-Hispanic Black group reported 4-fold higher preva-
lence of concurrency and a 2-fold higher prevalence of multiple
partners than the non-Hispanic Whites group (11.3%, 95% CI
7.5-16.7% vs. 3.1%, 95% CI 2.2-43% and 27.1%, 95% CI
23.8-31.4% vs. 15.0%, 95% CI 14.0-16.5%, respectively; all
P<0.001). The prevalence of each STI was positively correlated
with both the multiple partnering (r-0.94 to r-0.98) and
concurrency (r-0.79 to r-0.91) variables.

MSM vs heterosexuals

The prevalence of HIV was 36-fold higher (7.2% vs. 0.2%) and
the incidence of syphilis 33-fold higher (233 vs. 7/100 000 per
year) in MSM compared to heterosexuals (Table 2 & Table 5,
Figure 3). The percent reporting concurrency was 3 times
higher in MSM than heterosexuals (31.3% vs. 9.7%). Likewise,
the mean number of lifetime partners was 7-times higher
(67 vs. 10) in MSM.

United Kingdom

Ethnic group

HIV  prevalence varied between 2.8% in the Black
Caribbean and Black African groups and 0% in the White
and Asian groups (Table 4, Figure 2). The incidence of
chlamydia varied 11-fold between the Black Caribbean

(1540/100 000/year) and Asian (136/100 000/year) groups.
Gonorrhoea incidence varied 8-fold between these same
groups (840 and 109/100 000/year, respectively). Likewise,
the incidence of syphilis varied 4-fold between 71 and
18 per 100 000 per year in these same two groups. The
prevalence/incidence of chlamydia, gonorrhoea, HIV and
syphilis by ethnic group were positively correlated with each
other (r-0.71 to r-0.98; Table 6).

The prevalence of concurrency and multiple partnering were
approximately 1.5 to 2.5-fold higher in the Black African and
Black Caribbean groups than the Asian and White groups. The
prevalence of each STI was positively correlated with both the
multiple partnering (r-0.63 to r-0.96) and concurrency (r-0.37 to
r-0.91) variables.

MSM vs heterosexuals

The prevalence of HIV was 39-fold higher in MSM outside
of London (7.2%) than heterosexual men (0.16%; Table 5,
Figure 3). Likewise, the incidence of chlamydia was 12-fold
higher (24 vs. 2/100 000/year), gonorrhoea was 68-fold
higher (41 vs. 0.6/100 000/year) and syphilis 185-fold higher
(74. vs. 0.04/100 000/year) in MSM outside of London than
MSW. The incidence of each of these STIs was higher in
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Figure 3. Incidence/prevalence of HIV, chlamydia, gonorrhoea, syphilis, partner concurrency and multiple partnering by men
who have sex with men (MSM) versus heterosexual men in the United Kingdom and the United States of America. HIV and partner
concurrency prevalence are reported as percentages, multiple partners as the number of lifetime partners and chlamydia, gonorrhoea and
syphilis incidence as cases per 100 000 per year (Point estimates with 95% Confidence Intervals; see Table 1 for sources of data).

MSM residing in London. The percentage reporting con-
currency was 14 times higher in MSM than heterosexuals
(52% vs. 3.8%). Likewise, the mean number of lifetime
partners was 8-times higher (111.1 vs. 14.3) in MSM.

Longitudinal analyses

UK and USA. In both the UK and the USA, the incidence of
syphilis increased in the 1960s and 1970s but this increase was
largely limited to MSM (Figure 1)""*°. The incidence remained
fairly stable in heterosexuals. Although quantitative data is very
limited from this period, a number of analyses attributed this
increased incidence in MSM to behavioural factors, such as
increases in rates of partner change’*>>-°,

In the early 1980s, incidence plummeted in MSM in both
countries’’. The AIDS epidemic played a large role in this
decline. Individuals most centrally placed in sexual networks
were more likely to die from AIDs, which resulted in a
fragmentation of sexual networks™”’. So too reductions in
multiple partnering and increases in condom use both served to
reduce effective network connectivity*’”*. From around 2000, the
incidence of syphilis has been increasing in both countries and
this increase has been largely limited to MSM'’. A very similar
trend has been evident for MSM in the UK for chlamydia
and gonorrhoea where reasonable surveillance data is available
and is likely the case in the USA where surveillance data is
less detailed as regards sexual orientation'**. In both countries,

numerous lines of evidence suggest that the introduction of
effective antiretroviral therapy from 1996 onwards together
with other factors resulted in increases in sexual network
connectivity, which was in turn responsible for these increases in
STI incidence'*. Reduced deaths from AIDS, increases in rates
of partner change and reductions in condom usage all played a
role in this reconstitution of network connectivity’-**5%=1,

Kenya and South Africa. The prevalence of antenatal syphilis
in both Kenya and South Africa was between 5 and 12% in
the pre-HIV period (Figure 4; Table 3 and Table 4). A number of
analyses attributed this high prevalence of syphilis to a number
of factors that included behaviours that translate into dense
sexual networks**>*.  Syphilis prevalence declined rapidly
following the AIDS epidemic to below 1% in both countries®.
Similar, contemporaneous declines in diagnoses of cases of
syphilis took place in these countries"*'. Using a range of data
sources and study methodologies, a number of analyses have
concluded that a combination of connectivity-reducing factors
was responsible: reductions in multiple partnering (number of
partners and concurrency), delayed sexual debut, increased
condom usage and the effect of AIDS mortality removing more
centrally placed transmission nodes™*%-7,

Discussion

Our analysis confirmed previous analyses of dramatic variations
in STI prevalence between populations™. A strong tendency
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Figure 4. Prevalence of antenatal syphilis (red circles) and HIV (black squares) in South Africa and Kenya between 1990 and

2012.

Table 3. Description of sources of data for longitudinal changes in syphilis incidence and prevalence.

81 311 pregnant women from 10 antenatal sentinel sites in Nairobi were screened for syphilis on

their first antenatal visit using the RPR only. Results were used to generate annual syphilis prevalence

Longitudinal syphilis prevalence estimates were taken from a global epidemiology of syphilis over
the past century paper. Seventeen studies, all performed in antenatal populations, evaluated the

The longitudinal syphilis incidence estimates are for the annual number of new cases of primary,

secondary and early latent syphilis diagnosed in men and women in England and Wales between
1960-2015. The data is also based on case reporting surveillance data and is from the Lancet
Infectious Diseases Commission: Sexually transmitted infections: challenges ahead'.

Year data Data source. Study type, selection procedure
collected,
reference
Kenya 1992-1997%
estimates for each year 1992 to 1997,
South 1938 to 2011
Africa
prevalence of syphilis in pregnant women between 1938 and 2011
UK 1960 to 2015
USA 1963 to 2013’

The primary and secondary syphilis incidence estimates for 1963 to 2013 (reported as cases per

100 000 population) are taken from a paper that estimated incidence in MSM and heterosexual men
based on cases of primary and secondary syphilis reported to the CDC in this time period’.

towards clustering of STIs within subpopulations was evident.
Furthermore, the cross-sectional variations in STI prevalence
were almost all positively associated with two markers of network
connectivity. In a similar vein, dramatic increases and declines
in syphilis incidence could also be explained by corresponding
changes in network connectivity. Taken together these
findings suggest that network connectivity could represent a
parsimonious explanation for both variations in STI incidence
between populations and over time.

There are however a number of caveats to bear in mind.
Our study was not based on a systematic review of all pos-
sible studies. In fact, the study was limited to an opportu-
nity sample of only 4 out of over 200 countries, and the data it
used was limited in a number of ways. Not all the data was from

nationally representative samples. The data also came from
different and limited time periods. The way the behavioural
variables were defined varied between studies and in the case of
Kenya, region was used as a proxy for ethnic group. For the sake
of simplicity, we focused on male sexual behaviours. On the one
hand, our analysis is purely ecological and therefore suscepti-
ble to the ecological inference fallacy. On the other hand, the
prevalence of STIs is to a large extent a function of network
level properties. Networks are inherently ecological level
entities and thus ecological analyses are appropriate and neces-
sary forms of analysis. We assume that there is a degree of seg-
regation of sexual network by ethnic group or sexual orientation.
A high degree of sexual partner homophily by ethnic group
has indeed been shown for Kenya, South Africa and the
USA*#8270  We could find no analyses investigating this
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Table 5. Prevalence/incidence of HIV, HSV-2, chlamydia, gonorrhoea, syphilis, concurrency and multiple partnering by
men who have sex with men (MSM) versus heterosexual men the United Kingdom and the Unites States.

Country Group

USA

UK

MSM
Heterosexual men
MSM

Heterosexual men

NA- Not Available
* Incidence in cases per 100 000 population per year.

HIV %

7.2
0.2

6.3(13.4)

0.16

Chlamydia® Gonorrhoea®
NA NA

NA NA

24 (80)" 41 (108)”

2 0.6

Syphilis° Concurrency Multiple Lifetime
% (95% CI) partners partners’

233 31.3 86% 67

7 9.7 56% 10

7.4(42.4)" 524(43.5-61.1) 24 1111

0.04 15.6 (14.5-16.7) 3.8 143

“The incidence estimates are provided for MSM living outside of London and in parentheses the incidence figures for MSM living in London.

The mean number of lifetime partners reported by 35-39 years olds in the USA and aged 16-74 in the UK.

Table 6. Associations between incidence/prevalence of HIV, HSV-2, syphilis, gonorrhoea, chlamydia, male urethral
discharge, concurrency and multiple partnering by ethnic group in (A) Kenya and South Africa; and (B) the United
Kingdom and United States (Pearson’s Correlations).

Section A

Kenya
HIV
HSV-2
Syphilis

Urethral Discharge

Concurrency
Multiple Partners
South Africa
HIV

HSV-2

Syphilis

Urethral Discharge

Concurrency
Multiple Partners

Section B

UK

HIV

HSV-2
Syphilis
Chlamydia

HIV

1.00
0.65
0.63
0.77
0.46
0.66

1.00
0.96
0.78
0.98
0.86
0.99

HIV

1.00
NA

0.71
0.94

HSV-2

1.00
0.39
0.68
0.43
0.38

1.00
0.85
0.99
0.92
0.99

HSV-2

NA
NA
NA

Syphilis

1.00
0.34
-0.34
0.00

1.00
0.90
0.99
0.87

Syphilis

1.00
0.90

Urethral Discharge

1.00
0.72
0.76

1.00
0.95
0.99

Chlamydia

1.00

Concurrency Multiple Partners

1.00

0.84 1.00

1.00

0.93 1.00

Gonorrhoea Concurrency Multiple
Partners
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Section A

HIV  HSV-2 Syphilis
Gonorrhoea 0.86 NA 0.97 0.98
Concurrency 091 NA 0.37 0.73
Multiple Partners 096 NA 0.63 0.89
USA
HIV 1.00
HSV-2 099 1.00
Syphilis 099 0.92 1.00
Chlamydia 099 0.97 0.99 1.00
Gonorrhoea 0.99 0.99 0.97 0.99
Concurrency 0.89 0.68 0.91 0.84
Multiple Partners 098 0.89 0.99 0.98

type of homophily in the UK. If there was little or none of this
type of homophily, this would however result in a homog-
enization of STI incidence between ethnic groups and would
therefore be expected to reduce the strength of the association
between STIs and behaviours by ethnic group.

Not all the associations between multiple partnering/ concur-
rency and STI incidence/prevalence were strongly positive.
In fact, one association (between syphilis and concurrency by
ethnic group in Kenya) was weakly negative (Table 6). A fur-
ther crucial weakness is that we did not control for potential
confounders. The prevalence of circumcision and condom
use are two examples of factors that could confound our
analyses. Other papers have, however, evaluated this question and
concluded that these are likely to be only one of many deter-
minants of differential STI prevalence’**>*. For example, in
South Africa, the highest STI prevalence ethnic group has been
noted to have considerably higher circumcision rates and use
of condoms than the two lower STI prevalence populations™®.
Likewise, rates of condom usage are typically higher in
MSM than heterosexuals® and as far as we can ascertain,
the prevalence of circumcision does not differ significantly
between these two populations. A further limitation is that
we have not controlled for other differences between MSM
and heterosexual sexual networks such as the impact of role-
versatility in MSM’'. These limitations mean that we cannot
conclude how generalizable our findings are or even if the asso-
ciations we found are causal. What we can conclude is that our
results are compatible with the network connectivity explana-
tion. We cannot exclude the possibility that other unmeasured
variables are the predominant cause.

Our findings are however logical if we recall that the number of
sexual contacts per unit time is a key determinant of the rate of

Urethral Discharge

F1000Research 2022, 9:1009 Last updated: 20 SEP 2022

Concurrency Multiple Partners

1.00

0.58 1.00

0.78 0.89 1.00
1.00

0.79 1.00

0.95 0.94 1.00

spread of an STI. So too increases in concurrency have been
shown to lead to non-linear increases in sexual network
connectivity”””. A number of mathematical modelling studies
from the USA and South Africa have established that the actual
self-reported differences in number of partners and concur-
rency between ethnic groups in the USA and South Africa were
able to explain a large part of the differential spread of HIV
in these populations™®.

A strength of our analysis is its finding that the association
between network connectivity and STI prevalence held in four
different countries for both comparisons by ethnic group and
MSM versus heterosexuals. In the case of Kenya, all the ethnic
groups/regions, including those with very low STI rates, were
‘black’ Africans. The association was found for five different
STIs and in the case of syphilis, was able to explain longitudinal
changes in incidence. These findings do not fit with racist
theories that biological differences between races explain
differential STI spread’”. They fit better with sociological
explanations that differences in sexual behaviours result in differ-
ences in network connectivity and consequent STI incidence’’".
Furthermore, they suggest that behaviour change is possible and
can result in rapid reductions in STI incidence. In fact, if net-
work connectivity is a key determinant of STI incidence then it
follows that reducing network connectivity would be an opti-
mal way to effect radical STI prevention. Whilst high STI
prevalence populations would first need to decide if they wanted
to change behaviours that enhance connectivity, there are a
number of positive precedents for this. Uganda’s ‘Zero grazing’
campaign was a national campaign to reduce multiple part-
nering in order to reduce the risk of HIV. This campaign was
credited with large scale reductions in multiple partnering
and a subsequent decline in HIV prevalence”. Similar
campaigns amongst MSM in the 1980s had a similar effect’".
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These insights are relevant in the current setting of increas-
ing incidence of numerous STIs in high income countries'. A
number of analyses have found that a large proportion of these
increases are occurring in MSM with high rates of partner change
and particularly in contemporary HIV pre exposure prophy-
laxis (PrEP) recipients'**’°. It is not unusual for PrEP recipients
to report a median of 12 partners (IQR 6-25) per 3 months”.
Unsurprisingly these translate into very high STI incidence
- the combined incidence of gonorrhoea, chlamydia and
syphilis can be up to 169 per 100 person years’®. Tackling this
high incidence via intensive screening and treating without
addressing the underlying cause may result in antimicrobial
resistance’’.
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Further studies are required to further elucidate the links
between norms, structural factors, behaviour, sexual networks
and STI incidence. In the interim, the type of evidence reviewed
here suggests that reducing STI incidence/prevalence in high
prevalence populations to those of low prevalence population
may be difficult without reducing network connectivity and/or
without vaccination where vaccines are available.

Data availability

Underlying data

All data underlying the results are available as part of the
article and no additional source data are required (see
Table 1-Table 3 and Table 7).

1. Unemo M, Bradshaw CS, Hocking JS, et al.: Sexually transmitted infections:
challenges ahead. Lancet Infect Dis. 2017; 17(8): e235-e279.
PubMed Abstract | Publisher Full Text

2. Aral SO, Leichliter JS, Blanchard JF: Overview: the role of emergent properties
of complex systems in the epidemiology and prevention of sexually
transmitted infections including HIV infection. Sex Transm Infect. 2010; 86
Suppl 3:iii1-3.

PubMed Abstract | Publisher Full Text

3. Morris M, Kurth AE, Hamilton DT, et al.: Concurrent partnerships and HIV
prevalence disparities by race: linking science and public health practice.
Am | Public Health. 2009; 99(6): 1023-1031.

PubMed Abstract | Publisher Full Text | Free Full Text

4. Kenyon C, Buyze J, Colebunders R: HIV prevalence by race co-varies closely
with concurrency and number of sex partners in South Africa. PLoS One.
2013; 8(5): e64080.

PubMed Abstract | Publisher Full Text | Free Full Text

5. Kenyon C, Vu L, Menten J, et al.: Male circumcision and sexual risk behaviors
may contribute to considerable ethnic disparities in HIV prevalence in
Kenya: an ecological analysis. PLoS One. 2014; 9(8): e106230.

PubMed Abstract | Publisher Full Text | Free Full Text

6. Beyrer C, Baral SD, van Griensven F, et al.: Global epidemiology of HIV
infection in men who have sex with men. Lancet. 2012; 380(9839): 367-377.
PubMed Abstract | Publisher Full Text | Free Full Text

7. Peterman TA, Su J, Bernstein KT, et al.: Syphilis in the United States: on the
rise? Expert Rev Anti Infect Ther. 2015; 13(2): 161-168.
PubMed Abstract | Publisher Full Text | Free Full Text

8. Kenyon CR, Delva W: It's the network, stupid: a population’s sexual network
connectivity determines its STI prevalence [version 2; peer review: 2
approved]. F1000Res. 2018; 7: 1880.

PubMed Abstract | Publisher Full Text | Free Full Text

9. Morris M, Goodreau S, Moody J: Sexual networks, concurrency and STD/
HIV. In: Sex Transm Dis. 4th edn. Edited by Holmes KK. New York: McGraw-Hill
Medical. 2008; xxv: 2166.

Reference Source

10.  Morris M, Epstein H, Wawer M: Timing is everything: international variations
in historical sexual partnership concurrency and HIV prevalence. PLoS One.
2010; 5(11): e14092.

PubMed Abstract | Publisher Full Text | Free Full Text

11.  Koumans EH, Sternberg M, Bruce C, et al.: The prevalence of bacterial
vaginosis in the United States, 2001-2004; associations with symptoms,
sexual behaviors, and reproductive health. Sex Transm Dis. 2007; 34(11):
864-869.

PubMed Abstract | Publisher Full Text

12.  Garnett GP, Mertz K], Finelli L, et al.: The transmission dynamics of
gonorrhoea: modelling the reported behaviour of infected patients from
Newark, New Jersey. Philos Trans R Soc Lond B Biol Sci. 1999; 354(1384):
787-797.

PubMed Abstract | Publisher Full Text | Free Full Text

13.  Ghani AC, Swinton ], Garnett GP: The role of sexual partnership networks in
the epidemiology of gonorrhea. Sex Transm Dis. 1997; 24(1): 45-56.

PubMed Abstract | Publisher Full Text

14.  Helleringer S, Kohler HP, Kalilani-Phiri L: The association of HIV
serodiscordance and partnership concurrency in Likoma Island (Malawi).

AIDS. 2009; 23(10): 1285-1287.
PubMed Abstract | Publisher Full Text | Free Full Text

15.  Kenyon CR, Tsoumanis A, Schwartz IS, et al.: Partner concurrency and HIV
infection risk in South Africa. Int Infect Dis. 2016; 45: 81-87.
PubMed Abstract | Publisher Full Text

16.  Adimora AA, Schoenbach VJ, Bonas DM, et al.: Concurrent sexual partnerships
among women in the United States. Epidemiology. 2002; 13(3): 320-327.
PubMed Abstract | Publisher Full Text

17.  Kenyon C, Colebunders R, Buve A, et al.: Partner-concurrency associated with
herpes simplex virus 2 infection in young South Africans. Int / STD AIDS.
2013; 24(10): 804-812.
PubMed Abstract | Publisher Full Text

18.  ShiR, Devarakonda S, Liu L, et al.: Factors associated with genital human
papillomavirus infection among adult females in the United States,
NHANES 2007-2010. BMC Res Notes. 2014; 7: 544.
PubMed Abstract | Publisher Full Text | Free Full Text

19. Sonnenberg P, Clifton S, Beddows S, et al.: Prevalence, risk factors, and
uptake of interventions for sexually transmitted infections in Britain:
findings from the National Surveys of Sexual Attitudes and Lifestyles
(Natsal). Lancet. 2013; 382(9907): 1795-1806.

PubMed Abstract | Publisher Full Text | Free Full Text

20. Koumans EH, Farley TA, Gibson JJ, et al.: Characteristics of persons with
syphilis in areas of persisting syphilis in the United States: sustained
transmission associated with concurrent partnerships. Sex Transm Dis. 2001;
28(9): 497-503.

PubMed Abstract | Publisher Full Text

21.  Kenyon C, Colebunders R: Strong association between point-concurrency
and national peak HIV prevalence. Int J Infect Dis. 2012; 16(11): e826-827.
PubMed Abstract | Publisher Full Text

22. Kenyon C: Strong associations between national prevalence of various
STIs suggests sexual network connectivity is a common underpinning risk
factor. BMC Infect Dis. 2017; 17(1): 682.

PubMed Abstract | Publisher Full Text | Free Full Text

23.  Wellings K, Collumbien M, Slaymaker E, et al.: Sexual behaviour in context: a
global perspective. Lancet. 2006; 368(9548): 1706-1728.
PubMed Abstract | Publisher Full Text

24.  Drain PK, Halperin DT, Hughes JP, et al.: Male circumcision, religion, and
infectious diseases: an ecologic analysis of 118 developing countries. BMC
Infect Dis. 2006; 6: 172.

PubMed Abstract | Publisher Full Text | Free Full Text

25.  Drain PK, Smith JS, Hughes JP, et al.: Correlates of national HIV
seroprevalence: an ecologic analysis of 122 developing countries. / Acquir
Immune Defic Syndr. 2004; 35(4): 407-420.

PubMed Abstract | Publisher Full Text

26. Sawers L, Stillwaggon E: Concurrent sexual partnerships do not explain the
HIV epidemics in Africa: a systematic review of the evidence. / Int AIDS Soc.
2010; 13: 34.
PubMed Abstract | Publisher Full Text | Free Full Text

27. Kenyon C, Buyze ], Schwartz IS: Strong association between higher-risk sex
and HIV prevalence at the regional level: an ecological study of 27 sub-
Saharan African countries [version 1; peer review: 2 approved]. F7000Res.
2018;7:1879.

PubMed Abstract | Publisher Full Text | Free Full Text

Page 15 of 28


http://www.ncbi.nlm.nih.gov/pubmed/28701272
http://dx.doi.org/10.1016/S1473-3099(17)30310-9
http://www.ncbi.nlm.nih.gov/pubmed/21098053
http://dx.doi.org/10.1136/sti.2010.047373
http://www.ncbi.nlm.nih.gov/pubmed/19372508
http://dx.doi.org/10.2105/AJPH.2008.147835
http://www.ncbi.nlm.nih.gov/pmc/articles/2679771
http://www.ncbi.nlm.nih.gov/pubmed/23704973
http://dx.doi.org/10.1371/journal.pone.0064080
http://www.ncbi.nlm.nih.gov/pmc/articles/3660381
http://www.ncbi.nlm.nih.gov/pubmed/25171060
http://dx.doi.org/10.1371/journal.pone.0106230
http://www.ncbi.nlm.nih.gov/pmc/articles/4149563
http://www.ncbi.nlm.nih.gov/pubmed/22819660
http://dx.doi.org/10.1016/S0140-6736(12)60821-6
http://www.ncbi.nlm.nih.gov/pmc/articles/3805037
http://www.ncbi.nlm.nih.gov/pubmed/25487961
http://dx.doi.org/10.1586/14787210.2015.990384
http://www.ncbi.nlm.nih.gov/pmc/articles/6750765
http://www.ncbi.nlm.nih.gov/pubmed/30815252
http://dx.doi.org/10.12688/f1000research.17148.2
http://www.ncbi.nlm.nih.gov/pmc/articles/6376253
https://scholars.duke.edu/display/pub1019209
http://www.ncbi.nlm.nih.gov/pubmed/21124829
http://dx.doi.org/10.1371/journal.pone.0014092
http://www.ncbi.nlm.nih.gov/pmc/articles/2991312
http://www.ncbi.nlm.nih.gov/pubmed/17621244
http://dx.doi.org/10.1097/OLQ.0b013e318074e565
http://www.ncbi.nlm.nih.gov/pubmed/10365404
http://dx.doi.org/10.1098/rstb.1999.0431
http://www.ncbi.nlm.nih.gov/pmc/articles/1692556
http://www.ncbi.nlm.nih.gov/pubmed/9018783
http://dx.doi.org/10.1097/00007435-199701000-00009
http://www.ncbi.nlm.nih.gov/pubmed/19455016
http://dx.doi.org/10.1097/QAD.0b013e32832aa85c
http://www.ncbi.nlm.nih.gov/pmc/articles/2727130
http://www.ncbi.nlm.nih.gov/pubmed/26955757
http://dx.doi.org/10.1016/j.ijid.2016.03.001
http://www.ncbi.nlm.nih.gov/pubmed/11964934
http://dx.doi.org/10.1097/00001648-200205000-00013
http://www.ncbi.nlm.nih.gov/pubmed/23970590
http://dx.doi.org/10.1177/0956462413482810
http://www.ncbi.nlm.nih.gov/pubmed/25134828
http://dx.doi.org/10.1186/1756-0500-7-544
http://www.ncbi.nlm.nih.gov/pmc/articles/4141114
http://www.ncbi.nlm.nih.gov/pubmed/24286785
http://dx.doi.org/10.1016/S0140-6736(13)61947-9
http://www.ncbi.nlm.nih.gov/pmc/articles/3899025
http://www.ncbi.nlm.nih.gov/pubmed/11518865
http://dx.doi.org/10.1097/00007435-200109000-00004
http://www.ncbi.nlm.nih.gov/pubmed/22765888
http://dx.doi.org/10.1016/j.ijid.2012.05.008
http://www.ncbi.nlm.nih.gov/pubmed/29025419
http://dx.doi.org/10.1186/s12879-017-2794-x
http://www.ncbi.nlm.nih.gov/pmc/articles/5639489
http://www.ncbi.nlm.nih.gov/pubmed/17098090
http://dx.doi.org/10.1016/S0140-6736(06)69479-8
http://www.ncbi.nlm.nih.gov/pubmed/17137513
http://dx.doi.org/10.1186/1471-2334-6-172
http://www.ncbi.nlm.nih.gov/pmc/articles/1764746
http://www.ncbi.nlm.nih.gov/pubmed/15097158
http://dx.doi.org/10.1097/00126334-200404010-00011
http://www.ncbi.nlm.nih.gov/pubmed/20836882
http://dx.doi.org/10.1186/1758-2652-13-34
http://www.ncbi.nlm.nih.gov/pmc/articles/3161340
http://www.ncbi.nlm.nih.gov/pubmed/30800288
http://dx.doi.org/10.12688/f1000research.17108.1
http://www.ncbi.nlm.nih.gov/pmc/articles/6367661

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Laumann EO: The social organization of sexuality: Sexual practices in the
United States. University of Chicago Press; 1994.
Reference Source

Kenya National Bureau of Statistics (KNBS), ICF Macro: Kenya Demographic
and Health Survey 2008-09. In: Calverton: Maryland: KNBS and ICF Macro.
2010.

Reference Source

Department of Health: South African Demographic and Health Survey 1998:
Report. In: Pretoria: Department of Health; 1999.

Reference Source

Department of Health: Kenya AIDS indicator survey 2007. In. Nairobi; 2009.
Reference Source

Kenyon C, Osbak K, Buyze J: The prevalence of HIV by ethnic group is
correlated with HSV-2 and syphilis prevalence in Kenya, South Africa, the
United Kingdom and the United States. Interdiscip Perspect Infect Dis. 2014;
2014: 284317.

PubMed Abstract | Publisher Full Text | Free Full Text

Population Services International: Population Services International (PSI)
Survey /Kenya 6th HIV Survey, 2011. In: Nairobi: PSI; 2012.

Shisana O: South African national HIV prevalence, HIV incidence, behaviour
and communication survey, 2005. Cape Town: HSRC Press; 2005.
Reference Source

South African Department of Health: The 2012 National Antenatal Sentinel
HIV & Herpes Simplex Type-2 Prevalence Survey. In.: National Department of
Health Pretoria; 2013.

Reference Source

Department of Health: Syphilis screening in women attending antenatal
clinics. Epidemiological Comments. 1992; 19(10): 166-171.

Department of Health, Medical Research Council, OrcMacro: South African
Demographic and Health Survey 2003. In. Pretoria: Department of Health;
2007.

Reference Source

Public Health England: Sexually transmitted infections and screening for
chlamydia in England, 2018. Health Protection Report. 2019; 13(19).
Reference Source

Fenton KA, Mercer CH, McManus S, et al.: Ethnic variations in sexual
behaviour in Great Britain and risk of sexually transmitted infections: a
probability survey. Lancet. 2005; 365(9466): 1246-1255.

PubMed Abstract | Publisher Full Text

Dave SS, Fenton KA, Mercer CH, et al.: Male circumcision in Britain: findings
from a national probability sample survey. Sex Transm Infect. 2003; 79(6):
499-500.

PubMed Abstract | Publisher Full Text | Free Full Text

Centers for Disease Control and Prevention (CDC): HIV prevalence
estimates--United States, 2006. MMWR Morb Mortal Wkly Rep. 2008; 57(39):
1073-6.

PubMed Abstract

Centers for Disease Control and Prevention (CDC): Seroprevalence of herpes
simplex virus type 2 among persons aged 14-49 years--United States,
2005-2008. MMWR Morb Mortal Wkly Rep. 2010; 59(15): 456-9.

PubMed Abstract

Gottlieb SL, Pope V, Sternberg MR, et al.: Prevalence of syphilis seroreactivity
in the United States: data from the National Health and Nutrition
Examination Surveys (NHANES) 2001-2004. Sex Transm Dis. 2008; 35(5):
507-511.

PubMed Abstract | Publisher Full Text

Centers for Disease Control and Prevention: Sexually Transmitted Disease
Surveillance 2017. Atlanta: US Department of Health and Human Services. 2018.
Publisher Full Text

Kenyon CR, Osbak K, Tsoumanis A: The Global Epidemiology of Syphilis
in the Past Century - A Systematic Review Based on Antenatal Syphilis
Prevalence. PLoS Negl Trop Dis. 2016; 10(5): €0004711.

PubMed Abstract | Publisher Full Text | Free Full Text

World Health Organization: Prevalence and incidence of selected sexually
transmitted infections, Chlamydia trachomatis, Neisseria gonorrhoeae,
syphilis, and Trichomonas vaginalis: methods and results used by the WHO
to generate 2005 estimates. Geneva World Health Organization; 2011.

Guthe T: The treponematoses as a world problem. BrJ Vener Dis. 1960; 36(2):
67-77.
PubMed Abstract | Publisher Full Text | Free Full Text

Simms I, Fenton KA, Ashton M, et al.: The re-emergence of syphilis in the
United Kingdom: the new epidemic phases. Sex Transm Dis. 2005; 32(4):
220-226.

PubMed Abstract | Publisher Full Text

Stenger MR, Baral S, Stahlman S, et al.: As through a glass, darkly: the future
of sexually transmissible infections among gay, bisexual and other men
who have sex with men. Sex Health. 2017; 14(1): 18-27.

PubMed Abstract | Publisher Full Text | Free Full Text

Glick SN, Morris M, Foxman B, et al.: A Comparison of Sexual Behavior
Patterns Among Men Who Have Sex With Men and Heterosexual Men and
Women. / Acquir Inmune Defic Syndr. 2012; 60(1): 83-90.

PubMed Abstract | Publisher Full Text | Free Full Text

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

F1000Research 2022, 9:1009 Last updated: 20 SEP 2022

Mercer CH, Prah P, Field N, et al.: The health and well-being of men who have
sex with men (MSM) in Britain: Evidence from the third National Survey of
Sexual Attitudes and Lifestyles (Natsal-3). BVC Public Health. 2016; 16: 525.
PubMed Abstract | Publisher Full Text | Free Full Text

Kenyon CR, Tsoumanis A, Schwartz IS: A population’s higher-risk sexual
behaviour is associated with its average sexual behaviour-An ecological
analysis of subpopulations in Ethiopia, Kenya, South Africa, Uganda and
the United States. Epidemics. 2016; 15: 56-65.

PubMed Abstract | Publisher Full Text

Kirwan PD CC, Brown AE, Gill ON, et al.: HIV in the UK - 2016 report. Public
Health England, London. 2016.
Reference Source

Johnson K, Way A: Risk factors for HIV infection in a national adult
population: evidence from the 2003 Kenya Demographic and Health
Survey. | Acquir Inmune Defic Syndr. 2006; 42(5): 627-636.

PubMed Abstract | Publisher Full Text

Aral SO, Fenton KA, Holmes KK: Sexually transmitted diseases in the USA:
temporal trends. Sex Transm Infect. 2007; 83(4): 257-266.
PubMed Abstract | Publisher Full Text | Free Full Text

Sandholzer TA: Factors Affecting the Incidence and Management of
Sexually Transmitted Diseases in Homosexual Men. In: Sexually Transmitted
Diseases in Homosexual Men. edn. Springer; 1983; 3-12.

Publisher Full Text

Chesson HW, Dee TS, Aral SO: AIDS mortality may have contributed to the
decline in syphilis rates in the United States in the 1990s. Sex Transm Dis.
2003; 30(5): 419-424.

PubMed Abstract | Publisher Full Text

Peterman TA, Heffelfinger JD, Swint EB, et al.: The changing epidemiology of
syphilis. Sex Transm Dis. 2005; 32(10 Suppl): S4-10.

PubMed Abstract | Publisher Full Text

Crepaz N, Hart TA, Marks G: Highly active antiretroviral therapy and sexual
risk behavior: a meta-analytic review. JAMA. 2004; 292(2): 224-236.
PubMed Abstract | Publisher Full Text

Centers for Disease Control and Prevention (CDC): Resurgent bacterial
sexually transmitted disease among men who have sex with men--King
County, Washington, 1997-1999. MMWR Morb Mortal Wkly Rep. 1999; 48(35):
773-7.

PubMed Abstract

Golden MR, Marra CM, Holmes KK: Update on syphilis: resurgence of an old
problem. JAMA. 2003; 290(11): 1510-1514.
PubMed Abstract | Publisher Full Text

Kenyon CR, Osbak K, Chico RM: What underpins the decline in syphilis in
Southern and Eastern Africa? An exploratory ecological analysis. Int J Infect
Dis. 2014; 29: 54-61.

PubMed Abstract | Publisher Full Text

Kenyon CR, Osbak K: The Prevalence of Syphilis Is Associated with the
Prevalence of Male Point-Concurrency: An Ecological Analysis. World J AIDS.
2015; 5(2): 131-139.

Publisher Full Text

Johnson LF, Coetzee DJ, Dorrington RE: Sentinel surveillance of sexually
transmitted infections in South Africa: a review. Sex Transm Infect. 2005;
81(4): 287-293.

PubMed Abstract | Publisher Full Text | Free Full Text

Johnson LF, Dorrington RE, Bradshaw D, et al.: Sexual behaviour patterns in
South Africa and their association with the spread of HIV: insights from a
mathematical model. Demogr Res. 2009; 21: 289-340.

Publisher Full Text

Kenyon CR, Osbak K, Buyze J, et al.: The changing relationship between
bacterial STIs and HIV prevalence in South Africa - an ecological study. Int
STD AIDS. 2015; 26(8): 556-564.

PubMed Abstract | Publisher Full Text

Kenyon CR, Schwartz I, Buyze J: Did AIDS mortality decrease the number of
lifetime sexual partners in Kenya: an ecological analysis? Epidemiol Infect.
2016; 144(3): 556-559.

PubMed Abstract | Publisher Full Text

Temmerman M, Fonck K, Bashir F, et al.: Declining syphilis prevalence in
pregnant women in Nairobi since 1995: another success story in the STD
field? Int ) STD AIDS. 1999; 10(6): 405-408.

PubMed Abstract | Publisher Full Text

Laumann EO, Ellingson S, Mahay J, et al.: The sexual organization of the city.
In: Chicago: University of Chicago; 2005.

Publisher Full Text

Laumann EO, Youm Y: Racial/ethnic group differences in the prevalence of
sexually transmitted diseases in the United States: a network explanation.
Sex Transm Dis. 1999; 26(5): 250-261.

PubMed Abstract | Publisher Full Text

Goodreau SM, Golden MR: Biological and demographic causes of high HIV
and sexually transmitted disease prevalence in men who have sex with
men. Sex Transm Infect. 2007; 83(6): 458-462.

PubMed Abstract | Publisher Full Text | Free Full Text

Kretzschmar M, Morris M: Measures of concurrency in networks and the
spread of infectious disease. Math Biosci. 1996; 133(2): 165-195.
PubMed Abstract | Publisher Full Text

Page 16 of 28


https://press.uchicago.edu/ucp/books/book/chicago/S/bo3626005.html
https://dhsprogram.com/pubs/pdf/fr229/fr229.pdf
https://www.dhsprogram.com/pubs/pdf/FR131/FR131.pdf
http://guidelines.health.go.ke:8000/media/KAIS_2007_Final.pdf
http://www.ncbi.nlm.nih.gov/pubmed/25328516
http://dx.doi.org/10.1155/2014/284317
http://www.ncbi.nlm.nih.gov/pmc/articles/4190824
https://www.hsrcpress.ac.za/books/south-african-national-hiv-prevalence-hiv-incidence-behaviour-and-communication-survey-2005
https://www.hst.org.za/publications/NonHST Publications/ASHIVHerp_Report2014_22May2014.pdf
https://dhsprogram.com/pubs/pdf/FR206/FR206.pdf
https://pcwhf.co.uk/wp-content/uploads/2019/06/hpr1919_stis-ncsp_ann18.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15811458
http://dx.doi.org/10.1016/S0140-6736(05)74813-3
http://www.ncbi.nlm.nih.gov/pubmed/14663134
http://dx.doi.org/10.1136/sti.79.6.499
http://www.ncbi.nlm.nih.gov/pmc/articles/1744763
http://www.ncbi.nlm.nih.gov/pubmed/18830210
http://www.ncbi.nlm.nih.gov/pubmed/20414188
http://www.ncbi.nlm.nih.gov/pubmed/18356772
http://dx.doi.org/10.1097/OLQ.0b013e3181644bae
http://dx.doi.org/10.15620/cdc.59237
http://www.ncbi.nlm.nih.gov/pubmed/27167068
http://dx.doi.org/10.1371/journal.pntd.0004711
http://www.ncbi.nlm.nih.gov/pmc/articles/4864207
http://www.ncbi.nlm.nih.gov/pubmed/13830447
http://dx.doi.org/10.1136/sti.36.2.67
http://www.ncbi.nlm.nih.gov/pmc/articles/1047322
http://www.ncbi.nlm.nih.gov/pubmed/15788919
http://dx.doi.org/10.1097/01.olq.0000149848.03733.c1
http://www.ncbi.nlm.nih.gov/pubmed/27585033
http://dx.doi.org/10.1071/SH16104
http://www.ncbi.nlm.nih.gov/pmc/articles/5334461
http://www.ncbi.nlm.nih.gov/pubmed/22522237
http://dx.doi.org/10.1097/QAI.0b013e318247925e
http://www.ncbi.nlm.nih.gov/pmc/articles/3334840
http://www.ncbi.nlm.nih.gov/pubmed/27386950
http://dx.doi.org/10.1186/s12889-016-3149-z
http://www.ncbi.nlm.nih.gov/pmc/articles/4936006
http://www.ncbi.nlm.nih.gov/pubmed/27266849
http://dx.doi.org/10.1016/j.epidem.2016.02.002
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/602942/HIV_in_the_UK_report.pdf
http://www.ncbi.nlm.nih.gov/pubmed/16868500
http://dx.doi.org/10.1097/01.qai.0000225870.87456.ae
http://www.ncbi.nlm.nih.gov/pubmed/17664359
http://dx.doi.org/10.1136/sti.2007.026245
http://www.ncbi.nlm.nih.gov/pmc/articles/2598671
http://dx.doi.org/10.1007/978-1-4684-1164-5_1
http://www.ncbi.nlm.nih.gov/pubmed/12916133
http://dx.doi.org/10.1097/00007435-200305000-00008
http://www.ncbi.nlm.nih.gov/pubmed/16205291
http://dx.doi.org/10.1097/01.olq.0000180455.79024.e9
http://www.ncbi.nlm.nih.gov/pubmed/15249572
http://dx.doi.org/10.1001/jama.292.2.224
http://www.ncbi.nlm.nih.gov/pubmed/11263546
http://www.ncbi.nlm.nih.gov/pubmed/13129993
http://dx.doi.org/10.1001/jama.290.11.1510
http://www.ncbi.nlm.nih.gov/pubmed/25449236
http://dx.doi.org/10.1016/j.ijid.2014.05.014
http://dx.doi.org/10.4236/wja.2015.52016
http://www.ncbi.nlm.nih.gov/pubmed/16061532
http://dx.doi.org/10.1136/sti.2004.013904
http://www.ncbi.nlm.nih.gov/pmc/articles/1745020
http://dx.doi.org/10.4054/DemRes.2009.21.11
http://www.ncbi.nlm.nih.gov/pubmed/25122576
http://dx.doi.org/10.1177/0956462414546392
http://www.ncbi.nlm.nih.gov/pubmed/26159410
http://dx.doi.org/10.1017/S095026881500165X
http://www.ncbi.nlm.nih.gov/pubmed/10414884
http://dx.doi.org/10.1177/095646249901000609
http://dx.doi.org/10.7208/chicago/9780226470337.001.0001
http://www.ncbi.nlm.nih.gov/pubmed/10333277
http://dx.doi.org/10.1097/00007435-199905000-00003
http://www.ncbi.nlm.nih.gov/pubmed/17855487
http://dx.doi.org/10.1136/sti.2007.025627
http://www.ncbi.nlm.nih.gov/pmc/articles/2598698
http://www.ncbi.nlm.nih.gov/pubmed/8718707
http://dx.doi.org/10.1016/0025-5564(95)00093-3

73.

74.

75.

76.

Kaul R, Cohen CR, Chege D, et al.: Biological factors that may contribute to
regional and racial disparities in HIV prevalence. AmJ Reprod Immunol. 2011;
65(3): 317-324.

PubMed Abstract | Publisher Full Text

Kenyon C, Zondo S: Why do some South African ethnic groups have very
high HIV rates and others not? Afr / AIDS Res. 2011; 10(1): 51-62.

PubMed Abstract | Publisher Full Text

Green EC, Halperin DT, Nantulya V, et al.: Uganda'’s HIV prevention success:
the role of sexual behavior change and the national response. AIDS Behav.
2006; 10(4): 335-346; discussion 347-350.

PubMed Abstract | Publisher Full Text | Free Full Text

Ramchandani MS, Golden MR: Confronting Rising STIs in the Era of PrEP and
Treatment as Prevention. Curr HIV/AIDS Rep. 2019; 16(3): 244-256.

PubMed Abstract | Publisher Full Text | Free Full Text

77.

78.

79.

F1000Research 2022, 9:1009 Last updated: 20 SEP 2022

Hoornenborg E, Coyer L, van Laarhoven A, et al.: Change in sexual risk
behaviour after 6 months of pre-exposure prophylaxis, use: results from
the Amsterdam pre-exposure prophylaxis demonstration project. AIDS.
2018; 32(11): 1527-1532.

PubMed Abstract | Publisher Full Text

Beymer MR, DeVost MA, Weiss RE, et al.: Does HIV pre-exposure prophylaxis
use lead to a higher incidence of sexually transmitted infections? A
case-crossover study of men who have sex with men in Los Angeles,
California. Sex Transm Infect. 2018; 94(6): 457-462.

PubMed Abstract | Publisher Full Text | Free Full Text

Kenyon C, Schwartz IS: Effects of Sexual Network Connectivity and
Antimicrobial Drug Use on Antimicrobial Resistance in Neisseria
gonorrhoeae. Emerg Infect Dis. 2018; 24(7): 1195-1203.

PubMed Abstract | Publisher Full Text | Free Full Text

Page 17 of 28


http://www.ncbi.nlm.nih.gov/pubmed/21223426
http://dx.doi.org/10.1111/j.1600-0897.2010.00962.x
http://www.ncbi.nlm.nih.gov/pubmed/25859620
http://dx.doi.org/10.2989/16085906.2011.575548
http://www.ncbi.nlm.nih.gov/pubmed/16688475
http://dx.doi.org/10.1007/s10461-006-9073-y
http://www.ncbi.nlm.nih.gov/pmc/articles/1544373
http://www.ncbi.nlm.nih.gov/pubmed/31183609
http://dx.doi.org/10.1007/s11904-019-00446-5
http://www.ncbi.nlm.nih.gov/pmc/articles/6582987
http://www.ncbi.nlm.nih.gov/pubmed/29762169
http://dx.doi.org/10.1097/QAD.0000000000001874
http://www.ncbi.nlm.nih.gov/pubmed/29487172
http://dx.doi.org/10.1136/sextrans-2017-053377
http://www.ncbi.nlm.nih.gov/pmc/articles/6482844
http://www.ncbi.nlm.nih.gov/pubmed/29912682
http://dx.doi.org/10.3201/eid2407.172104
http://www.ncbi.nlm.nih.gov/pmc/articles/6038757

E1O0O0OResearch F1000Research 2022, 9:1009 Last updated: 20 SEP 2022

Open Peer Review

Current Peer Review Status: ¢

Reviewer Report 20 September 2022

https://doi.org/10.5256/f1000research.137876.r148907

© 2022 Levy I. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

v

Itzchak Levy
T Tel-Aviv University, Tel-Aviv, Israel
2 Sheba Medical Centre, Tel-Aviv, Israel

I would like to thank the authors for their response. There are no further comments from me.
Competing Interests: No competing interests were disclosed.
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I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.
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Competing Interests: No competing interests were disclosed.
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Itzchak Levy
T Tel-Aviv University, Tel-Aviv, Israel
2 Sheba Medical Centre, Tel-Aviv, Israel

The study done by Chris Kenyon is very interesting and important. It tries to show the association
between the connectivity within a group (which in this work is expressed by the number of
partners in a certain time and the concurrency of partners) and the incidence/prevalence of
certain sexually transmitted infections (STIs). This is important because understanding sexual
networks and how they work and what influences them is very important in the prevention of STIs.
It adds to the knowledge we get from the study of social and sexual networks as well to
phylogenetic studies of the spread of STIs.

However, since this paper is constructed from many different works that studied different
guestions (incidence of some STIs, prevalence of STIs, sexual behavior data, etc.) as a clinician I
don't understand how the conclusions of the writer can be made and I feel that the input of a
statistician would be much more helpful.

It sounds more reasonable to take one or two STIs which are compatible with a dynamic study
(e.g. gonorrhea and chlamydia) and to concentrate on a more defined population. However, this
study still gives the "wide picture".

HIV in my opinion is not suitable for this study because its prevalence is influenced not only by the
incidence but also by some other factors such as the introduction of anti-retroviral therapy (ART)
in 1996 and the introduction of better treatments like integrase inhibitors in the 2000s. Incidence
may be also influenced by introduction of earlier treatment (treatment as prevention) and
introduction of pre exposure prophylaxis (PREP) so it is also less suitable for this study.

The methods section should be somewhat explained better. It is not understandable if the work is
a systematic review of the literature, then it would be helpful if you can explain the method by
which the specific studies were chosen and why others were not (a flow chat may be helpful).
There is a mixture of studies, some show incidence and some show prevalence - this mixture is
confusing.

With such a big population I don't quite understand what is the meaning of the correlation.

There are a lot of prevalence studies which utilize serology like studies 42 and 43 (HSV2 and
syphilis). There is no way to know the date of infection in those studies so it is a very big limitation
to use them for the purpose of this study which tries to show dynamics.
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In Kenya (page 6) ethnicity was a region of residence served as a proxy for ethnicity. I am not sure
that this approximation can be done safely for the purpose of this study because it is well
established that MSM tend to reside in big cities without regard to their ethnicity so I would leave
it as "regional".

In Figure 2 (page 7) The rate of MSM in each ethnic group is not given and this may influence the
data and the conclusions.

In Figure 4 legend (page 9) the word the united states should be omitted.

Is the work clearly and accurately presented and does it cite the current literature?
Partly

Is the study design appropriate and is the work technically sound?
Partly

Are sufficient details of methods and analysis provided to allow replication by others?
No

If applicable, is the statistical analysis and its interpretation appropriate?
I cannot comment. A qualified statistician is required.

Are all the source data underlying the results available to ensure full reproducibility?
Partly

Are the conclusions drawn adequately supported by the results?
Partly

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Infectious Diseases

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Author Response 24 Aug 2022
Chris Kenyon, Institute of Tropical Medicine, Antwerp, Antwerp, Belgium

Reply to reviewer 2:

The study done by Chris Kenyon is very interesting and important. It tries to show the
association between the connectivity within a group (which in this work is expressed by the
number of partners in a certain time and the concurrency of partners) and the
incidence/prevalence of certain sexually transmitted infections (STIs). This is important
because understanding sexual networks and how they work and what influences them is
very important in the prevention of STIs. It adds to the knowledge we get from the study of
social and sexual networks as well to phylogenetic studies of the spread of STIs.
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However, since this paper is constructed from many different works that studied different
questions (incidence of some STIs, prevalence of STIs, sexual behavior data, etc.) as a
clinician I don't understand how the conclusions of the writer can be made and I feel that
the input of a statistician would be much more helpful.

It sounds more reasonable to take one or two STIs which are compatible with a dynamic
study (e.g. gonorrhea and chlamydia) and to concentrate on a more defined population.
However, this study still gives the "wide picture".

HIV in my opinion is not suitable for this study because its prevalence is influenced not only
by the incidence but also by some other factors such as the introduction of anti-retroviral
therapy (ART) in 1996 and the introduction of better treatments like integrase inhibitors in
the 2000s. Incidence may be also influenced by introduction of earlier treatment (treatment
as prevention) and introduction of pre exposure prophylaxis (PREP) so it is also less suitable
for this study.

Reply:
Thank you for these useful comments. The limitations section has been expanded to
include the concerns raised by the reviewer (P 23, second paragraph):

Differential uptake of antiretroviral therapy is an important potential determinant of differential
HIV prevalence between sub-populations. Once again, we did not control for this.

It should be noted that in the case of South Africa the differential HIV prevalence between ethnic
groups was of a similar magnitude in surveys done before ART became available to those
following the widespread use of ART.

The methods section should be somewhat explained better. It is not understandable if the
work is a systematic review of the literature, then it would be helpful if you can explain the
method by which the specific studies were chosen and why others were not (a flow chat
may be helpful).

Reply:

As noted above the countries were not selected via a systematic review methodology.
The rationale for selecting the studies has been added to the introduction. This
limitation has been added to the relevant section of the limitations in the discussion
(P 23, 3"d paragraph).

In addition, the following sentence has been added to the introduction to make it
clear how the four countries were chosen (P3, third last sentence).

These countries were chosen due to the familiarity of the author with these countries
and the availability of nationally representative datasets with both sexual behaviour
and STI prevalence data.

Finally, we have changed the title of the paper from “a four-country analysis” to “a
selected four-country analysis.”
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There is a mixture of studies, some show incidence and some show prevalence - this
mixture is confusing.

With such a big population I don't quite understand what is the meaning of the correlation.
There are a lot of prevalence studies which utilize serology like studies 42 and 43 (HSV2 and
syphilis). There is no way to know the date of infection in those studies so it is a very big
limitation to use them for the purpose of this study which tries to show dynamics.

Reply:

It is true that one cannot know the date of infection in studies that define STI
incidence/prevalence with HIV, HSV-2 serology or a treponemal test only in the case of
syphilis. These variables are then best considered as a measure of cumulative
incidence. A number of studies have found that these variables offer a valuable
marker of how connected sexual networks are and what their risk is for other STIs (1,
2). As an example, the prevalence of HSV-2 in 20-24 year olds can predict subsequent
HIV prevalence (2). The same might be true for emergent STIs such as monkeypox. For
most of the studies of syphilis incidence/prevalence used in this paper, syphilis was
defined by both a treponemal and non-treponemal test.

In Kenya (page 6) ethnicity was a region of residence served as a proxy for ethnicity. I am
not sure that this approximation can be done safely for the purpose of this study because it
is well established that MSM tend to reside in big cities without regard to their ethnicity so I
would leave it as "regional".

In Figure 2 (page 7) The rate of MSM in each ethnic group is not given and this may
influence the data and the conclusions.

Reply:
We provide a justification for the use of regions as a proxy for ethnicity in Kenya in the
Methods section (P 11, third paragraph):

In addition, we have added this as a limitation in the discussion section (P 23, second paragraph):

The way the behavioural variables were defined varied between studies and in the case of Kenya,
region was used as a proxy for ethnic group

Regions vs. ethnic group in Kenya. Many of the national STI surveillance surveys in Kenya do
not collect data on ethnic group 29 . There is however a high correlation between region of
residence and ethnic group, with large differences in STI incidence and sexual behaviour between
regions > 31 We therefore follow the approach used in previous studies and use region of
residence as a proxy for ethnic group 31 %4,

In Figure 4 legend (page 9) the word the united states should be omitted.

Reply:
Thanks for pointing out this error, which has been corrected.
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In this review, Dr. Kenyon reviews data on STI/HIV incidence/prevalence and partner concurrency
from (mostly) population-based studies in four counties. The results show that STIs cluster within
certain groups defined by race/ethnicity and gender of sex partners, and that STIs were correlated
with number of sex partners and concurrency. It is helpful to have these data summarized for
these countries. The author appropriately addresses the limitations. My main comment has to do
with the transparency in how these papers were selected. I think adding in the full search criteria,
the full exclusion/inclusion criteria, the number of studies identified and eliminated, etc would be
appropriate here. I also had trouble identifying which data supported which conclusions. These
and other comments are detailed below.

Minor comments:
1. Could the author specify upfront their use of sex/gender terms throughout the paper? Even
just to say that the terms they use reflect those from published papers, where it may have
been unclear whether the studies referred to sex at birth or gender identity.

2. The author presents data stratified by “ethnic groups"”. Could the author provide some
description in the methods about how stratification of these groups was operationalized, by
country? There is some of that for Kenya already.

3. Page 5 of the PDF, second to last paragraph: The author states: “these variations in
definitions between studies mean it would be appropriate to compare these variables
across studies”. Did the author mean to say “it would be inappropriate”?

4. Page 8 of the PDF, first paragraph: I believe the reference should be to Figure 2, not Figure
1.
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5. The author uses the terms “heterosexual men” and “men who have sex with women” (Table

2). I think it would be helpful to choose one throughout. There are also places where the
author states “heterosexuals” which I assume to be men only but it is a little unclear

6. There appears to be a typo in the Figure 4 title (the phrase “the United States” should not be

there)

Major comments:

1

. The paper is not described as a systematic review, but was it intended to be? Given that

there are summary quantitative estimates provided, it feels like a systematic review. If so, I
think it would have been helpful in the results to see how many papers were identified
using the search criteria and how many were eliminated, and for what reasons. When I ran
this search (using “or” between the terms but also making sure the countries were included)
I get >225,000 results. I assume the author used a different order of terms. Could the full
order of search terms be included in the paper?

. Somewhat related to the above, I am having a bit of trouble figuring out how studies were

selected. For example, it appears that there were only 3 studies from Kenya published since
1990 that make comparisons on the prevalence of STIs/HIV, multiple partners, or
concurrency. Is that the case? Or were these the only population-based studies? I think
adding in inclusion/exclusion criteria would be helpful.

. To calculate chi-square values for incidence/prevalence, did the author pool raw numbers

from different studies or use some other method? Would there be potential for violation of
an assumption of independence of observations?

. Figure 3: I do not understand the primary Y axis here (labeled “HIV, syphilis, concurrency,

lifetime partners). Is this the percentage of individuals who reported living with HIV, being
diagnosed with syphilis, reporting concurrency, or reporting over a certain number of
partners?

. The discussion focuses on the relationship between STIs and concurrency. Unless I

misunderstand the data, it seems that these data are mostly from Table 6, which shows the
correlation of STIs and concurrency and multiple partners. To me, it does not look like the
associations are particularly strong in Kenya, and it does not really hold for syphilis in the
UK or gonorrhea in the UK. Are there other data from which the author is drawing to make
these conclusions?

. Page 14 of the PDF, first paragraph: I would change the phrase: “These findings do not fit

with racial theories that biological differences...” to ““These findings do not fit with *racist*
theories that biological differences...”

. Page 14 of the PDF, first paragraph: The author suggests reducing network connectivity as a

way to decrease STI spread. I do not understand how that would be operationalized. Is the
author referring to reducing concurrency? I am not familiar with the Zero grazing
campaign; perhaps that could be explained more to help the reader understand the
concept of “breaking up” network connectivity
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8. In the conclusion, I think it may be worth adding a comment about investment in STI
vaccines being a plausible solution to curbing STI rates. Probably a more viable solution
than behavior change.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Partly

Are sufficient details of methods and analysis provided to allow replication by others?
No

If applicable, is the statistical analysis and its interpretation appropriate?
I cannot comment. A qualified statistician is required.

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Partly

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: STI/HIV epidemiology

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Author Response 24 Aug 2022
Chris Kenyon, Institute of Tropical Medicine, Antwerp, Antwerp, Belgium

Reply to reviewer 1:

1 In this review, Dr. Kenyon reviews data on STI/HIV incidence/prevalence and partner
concurrency from (mostly) population-based studies in four counties. The results show that
STIs cluster within certain groups defined by race/ethnicity and gender of sex partners, and
that STIs were correlated with number of sex partners and concurrency. It is helpful to have
these data summarized for these countries. The author appropriately addresses the
limitations. My main comment has to do with the transparency in how these papers were
selected. I think adding in the full search criteria, the full exclusion/inclusion criteria, the
number of studies identified and eliminated, etc would be appropriate here. I also had
trouble identifying which data supported which conclusions. These and other comments are
detailed below.
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Reply:

The following sentence has been added to the introduction to make it clear how the
four countries were chosen (P3, third last sentence).

These countries were chosen due to the familiarity of the author with these countries
and the availability of nationally representative datasets with both sexual behaviour
and STI prevalence data.

Minor comments:

o Could the author specify upfront their use of sex/gender terms throughout the
paper? Even just to say that the terms they use reflect those from published papers,
where it may have been unclear whether the studies referred to sex at birth or
gender identity.

Reply: A new section “Terminology” has been added to the Methods section to
address this point:

Sex, gender, ethnicity and race: Where this was specified, each data source used a
slightly different definition of sex, gender, ethnicity and race. Wherever possible, we
used the same terms used in these original sources.

o The author presents data stratified by “ethnic groups”. Could the author provide
some description in the methods about how stratification of these groups was
operationalized, by country? There is some of that for Kenya already.

Reply: A new section to the methods section has been added to address this question
(P11, penultimate paragraph).

o Page 5 of the PDF, second to last paragraph: The author states: “these variations in
definitions between studies mean it would be appropriate to compare these variables
across studies”. Did the author mean to say “it would be inappropriate”

Reply: Thanks for pointing this typo out. It has been corrected.

o Page 8 of the PDF, first paragraph: I believe the reference should be to Figure 2, not
Figure 1.

Reply: Thanks for pointing this error out. It has been corrected.

> The author uses the terms “heterosexual men” and “men who have sex with women”
(Table 2). I think it would be helpful to choose one throughout. There are also places
where the author states “heterosexuals” which I assume to be men only but it is a
little unclear

Reply: The phrase “men who have sex with women” has been deleted everywhere and
replaced with “heterosexual men.”
o There appears to be a typo in the Figure 4 title (the phrase “the United States” should
not be there)
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Reply: Thanks for pointing this error out. It has been corrected.

Major comments:

o The paper is not described as a systematic review, but was it intended to be? Given
that there are summary quantitative estimates provided, it feels like a systematic
review. If so, I think it would have been helpful in the results to see how many papers
were identified using the search criteria and how many were eliminated, and for what
reasons. When I ran this search (using “or” between the terms but also making sure
the countries were included) I get >225,000 results. I assume the author used a
different order of terms. Could the full order of search terms be included in the
paper?

Reply: As noted above the countries were not selected via a systematic review
methodology. The rationale for selecting the studies has been added to the
introduction. This limitation has been added to the relevant section of the discussion
(P 23, 3"d paragraph).

o Somewhat related to the above, I am having a bit of trouble figuring out how studies
were selected. For example, it appears that there were only 3 studies from Kenya
published since 1990 that make comparisons on the prevalence of STIs/HIV, multiple
partners, or concurrency. Is that the case? Or were these the only population-based
studies? I think adding in inclusion/exclusion criteria would be helpful.

Reply:

Where possible surveys using nationally representative samples were used. Where
this data was not available other sources were used such as detailed in Table 2. This
information has been added to the methods section.

o To calculate chi-square values for incidence/prevalence, did the author pool raw
numbers from different studies or use some other method? Would there be potential
for violation of an assumption of independence of observations?

Reply: Chi-squared tests were performed in the raw numbers per group. It is
acknowledged that this approach is of limited utility and if the reviewer prefers, these
statistical tests could be removed.

o Figure 3: 1 do not understand the primary Y axis here (labeled “H1V, syphilis,
concurrency, lifetime partners). Is this the percentage of individuals who reported
living with HIV, being diagnosed with syphilis, reporting concurrency, or reporting
over a certain number of partners?

Reply: These are defined in the Figure 3 legend as follows: HIV and partner
concurrency prevalence are reported as percentages, multiple partners as the number
of lifetime partners and chlamydia, gonorrhoea and syphilis incidence as cases per 100
000 per year.

o The discussion focuses on the relationship between STIs and concurrency. Unless I
misunderstand the data, it seems that these data are mostly from Table 6, which
shows the correlation of STIs and concurrency and multiple partners. To me, it does
not look like the associations are particularly strong in Kenya, and it does not really
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hold for syphilis in the UK or gonorrhea in the UK. Are there other data from which
the author is drawing to make these conclusions?

Reply: The data referred to is that from Table 6. I agree with the reviewer’'s comments
and have added this concern to the list of limitations (P23, third paragraph):
Not all the associations between multiple partnering/ concurrency and STI
incidence/prevalence were strongly positive. In fact, one association (between syphilis
and concurrency by ethnic group in Kenya) was weakly negative (Table 6).
. Page 14 of the PDF, first paragraph: I would change the phrase: “These findings do
not fit with racial theories that biological differences...” to “These findings do not fit
with *racist* theories that biological differences...”

Reply: This change has been made.

o Page 14 of the PDF, first paragraph: The author suggests reducing network
connectivity as a way to decrease STI spread. I do not understand how that would be
operationalized. Is the author referring to reducing concurrency? I am not familiar
with the Zero grazing campaign; perhaps that could be explained more to help the
reader understand the concept of “breaking up” network connectivity

Reply: This section has been expanded as suggested.

> In the conclusion, I think it may be worth adding a comment about investment in STI
vaccines being a plausible solution to curbing STI rates. Probably a more viable
solution than behavior change.
Reply: Thank you for this point, which has been added to the last sentence of the

paper.
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