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Abstract

Objective: The prevalence of syphilis differs considerably between different populations and indi-
vidual level risk factors such as number of sex partners seem unable to completely explain these
differences. The effect of network level factors, such as the prevalence of partner concurrency, on
syphilis prevalence has not hitherto been investigated. Study design: Linear regression was per-
formed to assess the relationship between the prevalence of male concurrency and prevalence of
syphilis in each of 11 countries for which we could obtain comparable data. The data for concur-
rency prevalence was taken from the WHO/Global Programme on AIDS (GPA) sexual behavioural
surveys. Syphilis prevalence rates were obtained from antenatal syphilis serology surveys done in
the same countries. In addition, we used linear regression to assess if there was a relationship
between syphilis and concurrency prevalence of various racial and ethnic groups within the Unit-
ed States and South Africa. Results: In the international study, we found a strong relationship be-
tween the prevalence of male concurrency and syphilis prevalence (r = 0.79, P = 0.003). In the
subnational studies, the relationship between concurrency and syphilis prevalence was positive in
all cases but was only statistically significant so in the case of South Africa’s racial groups (r = 0.98,
P = 0.01). Conclusions: The findings of an ecological-level association between syphilis and part-
ner concurrency need to be replicated but suggest that efforts directed towards decreasing part-
ner concurrency may reduce syphilis prevalence.
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1. Introduction

Why do some ethnic groups have a prevalence of syphilis of up to five times greater than others within the same
location and why does syphilis prevalence vary by an even greater degree between countries [1]-[4]? Syphilis is
a sexually transmitted infection (STI) caused by infection with Treponema pallidum subspecies pallidum. STls
are transmitted over networks of sexual partnerships, and hence the structure of these networks will influence
how quickly and extensively STIs will spread. The importance of these population-level characteristics was
noted by Aral et al. “Whereas individual-level parameters may influence which individuals in a given popula-
tion acquire infection, it is population-level parameters that affect the presence and prevalence of infection to be
acquired” [5]. In keeping with this interpretation, whilst individual-level risk factors such as the numbers of life-
time sexual partners are associated with risk of syphilis at an individual level [6] [7], populations with higher
syphilis prevalence rates do not have higher numbers of lifetime sexual partners [1] [7] [8]. This is true when
comparing ethnic groups within a country and when comparing international variations [1] [9] [10]. Although
countries in Southern and Eastern Africa have until recently had amongst the highest syphilis prevalence rates in
the world, [2]-[4] the number of lifetime sexual partners in this region is the same or lower than low syphilis
prevalence parts of the world such as Europe [8] [10]. Might network-level factors be responsible?

Although there is still debate on this topic [11] [12], a population/network-level determinant that has been
shown to explain a large part of the variation in HIV and STI prevalence by ethnic group in the USA and South-
ern Africa is the variation in concurrency rates—that is the proportion of sexual partnerships that overlap in time
as opposed to running sequentially [13]-[15]. Concurrency increases the transmission of STIs because concur-
rent partnerships link sex partners together into large connected components—if people have more than one
partner at a point in time, then this interlinks them into a connected sexual network [16]. This effect has been
shown at an individual level, where having more than one partner at a time increases the risk of transmitting sy-
philis [17]. The effect of concurrency on syphilis transmission may also be evident at a population level. This
paper tests the hitherto untested theory that populations with a high prevalence of male-concurrency have a
higher prevalence of syphilis.

2. Methodology
2.1. International Comparisons

2.1.1. Point-Concurrency

To overcome the problems of comparability with different datasets using different methodologies and defini-
tions of concurrency, we used one of the only multinational surveys that assesses concurrency using the same
methodology. These are the WHO/Global Programme on AIDS (GPA) sexual behavioural surveys conducted in
1989/1990. All 11 countries that performed these surveys between 1989 and 1990 and asked questions about
concurrency are evaluated here [18] [19]. All these surveys followed WHO/GPA protocols. These included that
national probability samples of the general populations aged 15 to 49 were utilized. In two cases, Manila and
Rio de Janeiro, the samples were representative of these large cities rather than being nationally representative.
All samples were selected based on the probability principle with various designs depending on national factors.
A two stage sampling strategy was the norm, with census enumeration areas as the first stage and households as
the second. The sample sizes were typically 1000 - 3000 men and women. Response rates were high in all cases.
The variable for concurrency was derived from the question “Do you now have one or more than one spouse/
regular partner?” The concurrency variable we used in our analysis was the percentage of men 15 - 49 year old
who had more than one sexual partnership active at the time of the survey. Only 7 of the countries surveyed
asked the women if they had concurrent partners. As a result, we limited our analysis to male concurrency (de-
fined below). We related point-concurrency prevalence to estimated syphilis prevalence.

2.1.2. Syphilis Prevalence

Syphilis prevalence rates were obtained from a search for representative antenatal survey-based samples from
the same countries that the WHO/GPA surveys were conducted. The first suitable study conducted after the
WHO/GPA survey (1989) was selected. The search was conducted in the PubMed/Medline and Web of Science
databases in August 2013. Studies were included if they were representative antenatal-based samples and the
diagnosis of syphilis was based on at least a non-treponemal test. In a number of studies the diagnosis of syphilis
was confirmed with a treponeme-specific test (see Table 1 for details). In the case of Singapore, it was not
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Table 1. International comparison of syphilis prevalence with male point-concurrency.

Antenatal
Concurrency Multiple Syphilis ?etg:(??g?
prevalence partners®  Prevalence Syphilis survey details syphilis at
(£2) EDSITE) &) first visit
(%)
Central All 481 pregnant women attending one of three antenatal clinics in
African 20 2/1 6.7 Bangui for first antenatal visit between January and March 1986. 56.0
Republic Tested with VDRL and confirmed with TPHA. [36]

All 1515 pregnant women attending antenatal clinics at Hospital
Brazil 7 10/1 1.6 Regional Norte do Parana between June 1996 and June 1998 were 53.0
tested for syphilis using VDRL and confirmed with FTA. [37]

A systematic review and meta-analysis of STI prevalence among
pregnant women attending antenatal care facilities in
Cote d’lvoire 36 91 3.8 sub-Saharan Africa was used to provide an estimate of syphilis 92.1
prevalence for the years 1990-1990 in West Africa. 17 studies
from 6 countries provided the estimate. [38]

All 10267 pregnant women attending 10 selected antenatal clinics

Kenya 13 4/1 7.2 in Nairobi in 1994. Tested via RPR only. No confirmatory testing. 58.8
[39]
A random sample of 277 15 - 49 year olds living in 29 villages in
Lesotho 55 7/0 11.3 rural Lesotho in 1995. Tested with RPR and confirmed with 66.9
TPHA. [40]
Philippines 3 711 0.2 Antenatal survey in 2009. [30] -

All 14,841 pregnant women attending the antenatal clinic,
Singapore 2 3/0 1.05 University Hospital, Kuala Lumpur in 1989. Tested with VDRL 94.1
and conformed with TPHA. [41]

Sri Lanka 2 0/0 1.0 Antenatal survey in 1990. [42] 45,9

1021 consecutive pregnant women registering for their first visit
. to two antenatal clinics in two hospitals
Thailand 3 11/0 0.1 (in Bangkok and Chiang Rai) in 1996. Tested with VDRL )

(Chiang Rai) or RPR (Bangkok) and confirmed with TPHA. [43]

All 9145 pregnant women from 22 antenatal clinics in all
Zambia 22 7/1 8.5 provinces, including rural and urban areas were tested for syphilis 43.3
in 1994, Testing was via RPR and confirmation by TPHA. [44]

All 17813 women from 57 clinics in ten geographical regions
attending antenatal clinics for the first time for any pregnancy
were tested for syphilis between October 2003 and January 2004.
RPR testing only, no confirmatory TPHA. [45]

Tanzania 18 5/3 73

Abbreviations: FTA—Fluorescent treponemal antibody-absorption test, RPR—Rapid Plasma Reagin, TPHA—Treponema pallidum Hemagglutination
Assay, VDRL—Venereal Diseases Research Laboratory. *The GPA did not assess lifetime sex partners but did assess multiple partners in the previous
year. This was defined as the percentage of men/women who reported five or more non-regular partners in the last 12 months.

possible to find a suitable estimate of syphilis prevalence and the prevalence estimate of the neighboring country
of Malaysia was used. To assess the impact of inclusion of Singapore in the analysis, we repeated the linear re-
gression analyses with and without Singapore.

2.1.3. Percentage of Antenatal Clinic Attendees Tested for Syphilis

We used the percentage of antenatal clinic attendees who were tested for syphilis at their first antenatal visit as a
proxy for the strength of the national syphilis control programme. We obtained this data from the World Health
Organization’s Global Health Observatory Data Repository, and used the data from the year as soon after 1989
as possible [16].

2.1.4. Intranational Comparisons
We compared the association between syphilis and concurrency prevalence by ethnic group in two countries

)



C. R. Knyon, K. Osbak

with available data.

2.1.5. United States (USA)

The USA sexual behaviour data was 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 3432 women
and men between the ages of 18 and 59 [20]. The syphilis prevalence data (cases/100,000 population) is based
on diagnoses of primary and secondary syphilis for the year 1992 and was taken from a Centers for Disease
Control and Prevention report [21]. This data is based on STI surveillance systems operated by state and local
STI control programs.

2.2.South Africa

2.2.1. Inter (Black) Ethnic Group Comparison

The Carletonville Youth Survey consisted of a random sample of 723 men and 784 women between the ages of
14 - 24 living in a township outside of Carletonville—a gold mining town in South Africa. Households were se-
lected via a two-stage random sampling technique. The sampling scheme was arranged so as to be self-weigh-
ting. Respondents were questioned about sexual partnerships and tested for syphilis via a Fluorescent treponem-
al antibody absorption test. For a more detailed description of the survey methodology see Auvert et al. [22]. A
previous study demonstrated a high degree of homophilous partnering by ethnicity in the participants of the
Carletonville Youth Survey [23]. Thus differences between ethnic groups in the patterns of sexual mixing may
play a role in sustaining differences in STIs between these ethnic groups [24].

2.2.2. Inter Racial Comparison
Since 1990, South Africa has conducted annual nationally-representative antenatal syphilis and HIV surveys. In
only one of these, the 1991 report, was the prevalence of syphilis reported by racial group. We used this report
to provide syphilis prevalence estimates by race in South Africa. In this survey a total of 17,318 antenatal wom-
en were tested for syphilis via the Rapid Plasma Reagin or the Venereal Diseases Research Laboratory test [25].
Sexual behavior data was obtained from the 2003 South African Demographic Health Survey (DHS). This
was a 2-stage sample which was designed to be representative for the 9 provinces, urban versus rural areas and
the four major racial groups in the country. The survey was conducted on 7966 women and 3930 men. All were
15 - 49 year old [26].

2.3. Statistical Analyses

We related the prevalence of syphilis to the point prevalence of concurrency through linear regression, whereby
the Pearson product moment correlation coefficient r reflects the association between variables. All analyses
were conducted with Stata 13.0 (College Station, TX). In all cases concurrency was defined as the proportion of
persons who reported having two or more partners either on the day of the interview (point-prevalence) or over
the previous year (cumulative prevalence). In the case of the South African datasets the syphilis prevalence is
reported for the whole population (men and women) combined. In the case of the antenatal sample, this is be-
cause no men were included and in the case of the Carletonville Survey, the sizes of the ethnic groups were too
small when split into men and women. In the South African analyses the syphilis prevalence was related to the
prevalence of concurrency and number of lifetime partners in men. In the USA analyses the prevalence of syphi-
lis was related to the prevalence of concurrency and lifetime number of partners in the opposite sex. The reasons
for relating syphilis prevalence to concurrency prevalence in the opposite sex are that concurrency serves to in-
crease the risk of transmission of an STI to one’s sex partner but does not increase the risk of STI acquisition to
the index respondent (over the risk imposed by having an additional partner) [1] [15]. A number of studies have
validated the utility of this approach in ecological studies that assess the effect of concurrency on STI transmis-
sion [27]-[29].

Where the data was available we also related the prevalence of syphilis to the lifetime numbers of sex partners.
This data was available in the sexual behavioural datasets from the Carletonville Youth Survey. In the interna-
tional comparative study we used the percentage of men and women who had more than five sex partners in the
past year. In the South African race group analysis we used the percentage of men who reported two or more
partners in the past year. A P-value of <0.05 was considered statistically significant.
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3. Results
3.1. International Comparisons

In the international comparative study, we found evidence of a relationship between the prevalence of male
concurrency and syphilis prevalence (r = 0.79, P = 0.003; see Table 1 and Figure 1). There was no correlation
between syphilis prevalence and the percentage of antenatal clinic attendees who were tested for syphilis at their
first visit (r = —0.28, P = 0.47). There was also no correlation between the percentage of men/women who re-
ported five or more non-regular partners in the last 12 months and syphilis prevalence (Men: r =—0.11, P = 0.74;
Women: r =0.29, P =0.38).

3.2. Sub-National Comparisons

There was evidence of a statistically significant relationship between the prevalence of syphilis and male con-
currency in South Africa’s racial groups (r = 0.98, P = 0.01; see Table 2) and a borderline significant relation-
ship in South Africa’s black ethnic groups (r = 0.77, P = 0.07). In the USA the relationship between concurrency
and syphilis was positive but did not reach statistical significance.

Table 2. Subnational comparisons of syphilis prevalence/incidence with point-concurrency and lifetime number of reported
sex partners (Data sources described in methods section).

n Life time sex partners®  Concurrency prevalence®  Syphilis prevalence/incidence®

South Africa-black ethnic groups

Sotho 209 5.3 13.7 8.6

Zulu 89 41 271 11.2

Xhosa 357 41 22.6 11.7

Tswana 458 5.3 184 9.8

Tsonga 28 4.3 22 14.3

Other 40 4.6 28.9 175
r=-0.44,P=0.37 r=0.77,P=0.07

South Africa-racial groups

Coloured 348 8.2 6.5 6.3
Black 2237 16.0 9.2 8.3
White 156 4.9 2.0 0.4
Asian 282 9.4 14 1.2
r=0.77,P=0.22 r=0.98,P=0.01
USA
Men
Non Hispanic White 866 31 18
Non Hispanic Black 164 11.3 106.7
Hispanic 109 8.9 10.3
r=0.26,P=0.83
Women
Non Hispanic White 1003 1.3 1.3
Non Hispanic Black 259 3.7 87.8
Hispanic 161 49 7
r=0.76, P =0.45

%In the case of the South African results, the values for the sexual behavior variables are those of the men only. *Syphilis prevalence figures are re-
ported for the South African studies and incidence figures for the USA. In the case of the USA incidence figures refer to cases of primary and sec-
ondary syphilis per 100,000 persons per year. The South African syphilis prevalence figures for the racial groups are from the antenatal survey
(women only) and those for the ethnic groups are from the Carletonville Youth Survey and for men and women combined.
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Figure 1. Association between syphilis prevalence and point-prevalence of
male Concurrency-derived from GPA Behavioral Surveys 1989-1990 (r =
0.79; P = 0.003).

There was no statistically significant relationship between total number of sex partners and syphilis incidence/
prevalence.

4. Discussion

There are a number of limitations with our analysis. We were unable to find an antenatal or population based es-
timate of syphilis for Singapore and we thus used that of the neighboring Malaysia. We do not, however, believe
that this estimate is too inaccurate as the prevalence of syphilis invirtually the entire western Pacific region is
low [2] [10] [30] and the prevalence of syphilis in high-risk groups in Singapore is low [31] [32]. The preva-
lence of syphilis in sex workers (3% in 1988) and men who have sex with men (5.5% in 2012] in Singapore is
considerably lower than the corresponding figures for high syphilis prevalence regions [31] [32]. In addition,
when we repeated the analysis without Singapore it had little effect on the results. A further problem is that
some of the syphilis prevalence estimates are based on antenatal surveys which may not be representative of the
prevalence of syphilis in the general population.

As far as our subnational comparisons are concerned the results should be viewed with caution due to a num-
ber of reasons. Only in the case of the Carletonville Survey were we able to obtain the syphilis and sexual beha-
vior variables from the same survey. Using data from different surveys is problematic for a number of reasons.
These include that the surveys were carried out at different times and they may have classified ethnicity in
slightly different ways.

It should be noted that the epidemiology of syphilis is complex and numerous factors that were not investi-
gated here, such as the prevalence of condom usage and the efficacy of STI treatment could influence the preva-
lence of syphilis. Whilst it is likely that differential access to STI treatment explains a part of the differences in
syphilis prevalence internationally, it is unlikely to be the major factor [10] [33] [34]. Thus there was no evi-
dence, that we could find, that STI treatment capability is poorer in high syphilis prevalence countries than other
low and middle income countries [34]. There was also no correlation between syphilis testing at antenatal visits
and national syphilis prevalence rates. In addition, differential access to therapy is thought unlikely to explain
more than a part of the ethnic discrepancy in syphilis prevalence in the USA [6].

5. Conclusion

Our study supports the findings of others which find that differences in individual-level risk factors such as
number of sexual partners, are unable to explain more than a part of the differences in syphilis rates between
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different ethnic groups [1] [35]. This study suggests that network-level factors, such as the proportion of part-
nerships that run concurrently, may explain a large part of the variationsin syphilis incidence/prevalence [1] [9]
[35]. This is the first study to test if the prevalence of concurrency and syphilis are correlated. Its finding of a
positive relationship needs to be confirmed in other datasets. The fact that syphilis is a risk factor for a range of
adverse outcomes including HIV infection makes this an important topic for further research.
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