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Nairobi, Kenya

Abstract

Background—Male circumcision is a primary HIV-1 prevention intervention for men. It is
uncertain whether male circumcision reduces the risk of syphilis among men and their female
partners.

Methods—Using data from a prospective study among HIV-1 serodiscordant heterosexual
couples from Kenya and Uganda, we assessed whether male circumcision was associated with
incident syphilis in men and in their female partners. Multivariate Andersen-Gill survival methods
were used, adjusted for age, sexual behavior, and plasma HIV-1 RNA levels of the HIV-1 infected
partner.

Findings—4716 HIV-1 serodiscordant couples (37-5% with an HIV-1 infected male) were
followed for a median of 2.75 years. At enrollment, 1575 (53:5%) HIV-1 uninfected and 560
(32:4%) HIV-1 infected men were circumcised; an additional 69 (4-2%) HIV-1 infected and 132
(4-8%) HIV-1 uninfected men became circumcised during study follow up. 221 incident syphilis
infections were observed: 46 among HIV-1 infected men (incidence 1-10 per 100 person-years),
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76 among HIV-1 uninfected men (1:09 per 100 person-years), 54 among HIV-1 infected women
(0-77 per 100 person-years) and 45 among HIV-1 uninfected women (1-11 per 100 person-years).
Male circumcision was associated with a 42% reduction in incident syphilis in men (adjusted
hazard ratio [aHR] 0.58 95% CI 0-37-0-91) including a 62% reduction among HIV-1 infected men
(aHR 0-38, 95% CI 0-18-0-81) and a non-significant reduction in incident syphilis among HIV-1
uninfected men (aHR 0-64, 95% CI 0-36-1-11). Among women, circumcision of their male
partners was associated with a 59% reduction in incident syphilis (aHR 0.41 95% CI 0.25-0.69),
including a 75% reduction among HIV-1 uninfected women (aHR 0-25, 95% CI 0-08-0-76) and a
48% reduction among HIV-1 infected women (aHR 0-52, 95% CI 0-27-0-97).

Interpretation—In this large prospective cohort study among HIV-1 serodiscordant couples,
male circumcision was associated with decreased risk of incident syphilis in men and women. If
confirmed, these results suggest that medical male circumcision could substantially reduce
incidence of syphilis and its sequelae.

Funding—aBill & Melinda Gates Foundation (grant OPP47674) and the Eunice Kennedy Shriver
National Institute of Child Health and Human Development (K99HD076679).

Background

Over 40 studies, including three randomized controlled trials, have demonstrated that male
circumcision provides at least 60% protection against HIV-1 acquisition for heterosexual
men. 14 The consistently high efficacy observed in the three randomized clinical trials was
the impetus for WHO-UNAIDS recommendations in 2007 that medical male circumcision
be a priority HIV-1 prevention strategy and implemented in settings with low prevalence of
male circumcision and high prevalence of HIV-1. ® Multiple observational studies also
support a preventive role for male circumcision for other sexually transmitted infections
(STIs), including human papillomavirus (HPV), herpes simplex virus type 2 (HSV-2),
Trichomonas vaginalis, chancroid, Mycoplasma genitalium, and genital ulcer disease (GUD)
among heterosexual men. 8-13 Although a meta-analysis of randomized and observational
studies concluded that there was no association between male circumcision and HIV-1 risk
in women (summary relative risk 0-80, 95% CI 0-53-1.36, heterogeneity p=0.05), 14 a
protective benefit of male circumcision on STI transmission to female partners for has been
reported. Data from randomized trials have demonstrated reduced risk for HPV, genital
ulcers, HSV-2, bacterial vaginosis, and T. vaginalis in women whose partners are
circumcised while other observational studies found no association with bacterial vaginosis,
T. vaginalis, and Chlamydia trachomatis. 1521

The potential association between male circumcision and syphilis was first described in the
mid-1850s in a medical report of patients with syphilis and Neisseria gonorrhoeae in which
a greater proportion of non-Jewish men had syphilis compared with Jewish men, who were
presumed to be circumcised due to religious practices. 22 Several more recent studies,
including one meta-analysis, have suggested that circumcised heterosexual men are at lower
risk of syphilis. ® However, few studies have assessed the relationship between male
circumcision and incident syphilis status among men with HIV-1 infection, and no studies to
date have investigated the effect of male circumcision in HIV-1 infected or uninfected men
on syphilis acquisition among women. A protective effect of male circumcision on the risk
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of incident syphilis for HIV-1 infected and uninfected men and women would have
important public health implications. Syphilis can lead to irreversible neurological and
cardiovascular damage and syphilis during pregnancy can cause numerous adverse
pregnancy and birth outcomes. 23 Male circumcision is currently being implemented as a
medical procedure in settings of sub-Saharan Africa with high HIV-1 burden, 24 and in those
settings syphilis prevalence is also often high. Evidence of additional benefits against
syphilis may enhance current medical male circumcision programs. We aimed to investigate
the relationship of male circumcision and the incidence of syphilis in a large prospective
cohort of HIV-1 infected and uninfected African men and their female partners.

Study design & participants

Participants in this prospective study were members of Kenyan and Ugandan HIV-1
serodiscordant heterosexual couples enrolled in a randomized safety and efficacy clinical
trial of pre-exposure prophylaxis (PrEP) for HIV-1 prevention (the Partners PrEP

Study). 2526 Trial recruitment, eligibility and exclusion criteria, and follow-up procedures
have been previously described. 2> All couples received a comprehensive package of HIV-1
prevention services, including individual and couples risk-reduction counseling, screening
and treatment for STIs, condoms, and referral for medical male circumcision and post-
exposure prophylaxis according to national policies. At enrollment into the trial, HIV-1
infected partners were not eligible for antiretroviral therapy (ART) under the national ART
guidelines during the study; they were referred for initiation of ART when they became
eligible.

At an interim review, the trial’s independent data safety and monitoring board recommended
that the placebo arm be discontinued early due to clear demonstration of PrEP efficacy for
HIV-1 prevention. 25 All participants were informed of the outcome and continued on active
PrEP thereafter. Data through study completion (between 2008 and 2013) were included in
this prospective analysis of male circumcision and incident syphilis.

Data collection

HIV-1 uninfected participants attended monthly and HIV-1 infected partners attended
quarterly visits for up to 36 months. Follow up visits included standardized interviews about
sexual behavior in the last 30 days, medical history, and assessment of clinical and
laboratory safety. Male circumcision status was determined by physical examination at the
time of study enrollment and each annual follow up visit and reported as fully circumcised,
partially circumcised or not circumcised. HIV-1 uninfected partners underwent HIV-1
testing and were dispensed study medication. For HIV-1 infected partners, CD4 counts were
quantified every 6 months using standard flow cytometry and plasma HIV-1 RNA levels
were quantified using the COBAS Ampliprep/COBAS TagMan real-time HIVV-1 RNA
assay, version 1.0 (Roche Diagnostics, Indianapolis, IN), with a lower limit of quantification
of 240 copies/mL.

Lancet Glob Health. Author manuscript; available in PMC 2015 November 01.
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Syphilis testing
Detailed descriptions of the Partners PrEP Study STI diagnostic testing are provided
elsewhere. 28 Prevalent syphilis infection at enrollment was determined by a positive Rapid
Plasma Reagin (RPR, Immutrep RPR [Omega Diagnostics], BD Macro-Vue RPR [BD
diagnostics], or Human RPR [Human Diagnostics]) titer and confirmed with a positive
Treponema pallidum hemagglutination (TPHA, Immutrep TPHA [Omega Diagnostics],
Randox TPHA [Randox Laboratories], Human TPHA Liquid [Human Diagnostics], or
Hexagon [Human Diagnostics]) assay result. Syphilis serology testing was conducted
annually during follow up visits and if clinically indicated during other study visits. Study
participants with syphilis at enrollment were considered to have a new incident infection
during follow up if the RPR titer increased by 4-fold or more from the prior visit. For study
participants with a negative RPR at enrollment, a positive RPR with a confirmatory positive
TPHA assay at a follow-up visit was defined as an incident syphilis infection; and
subsequent infections were deemed to be incident if a 4-fold-increase in RPR titer had
occurred. Only incident non-persistent syphilis infections detected through serologic testing
were included in the final analysis.

Statistical methods

All couples in which the circumcision status of the male partner was available were
included; a small number of couples with partially circumcised men were excluded. Chi-
squared tests for proportions and Kruskal-Wallis tests for continuous measures were used to
detect differences in demographic, behavioral and medical characteristics between couples
with circumcised versus uncircumcised men at enrollment.

Differences in syphilis detected at enrollment among circumcised versus uncircumcised men
(or women with exposure to circumcised versus uncircumcised men) were assessed using
multivariate logistic regression. To assess incident syphilis during follow-up, Andersen-Gill
survival models were used, to allow for multiple events per subject. Male circumcision
status was analyzed as a time-dependent exposure variable, allowing for the inclusion of
uncircumcised men who became circumcised during study follow up. Separate analyses
were conducted to compare syphilis incidence rates among HIV-1 infected and uninfected
men by their circumcision status and among HIV-1 infected and uninfected women by
whether their male partner was circumcised or uncircumcised. Differences in the effect of
male circumcision on syphilis incidence between HIV-1 infected and uninfected study
participants were assessed using a likelihood ratio test of interaction within our Andersen-
Gill survival models. HIV-1 uninfected participants at enroliment who became HIV-1
infected during study follow up were censored at seroconversion. HIV-1 infected
participants were observed throughout study follow up regardless of partner’s
seroconversion status.

We determined a priori to adjust our statistical models for age at enrollment, reported
unprotected sex with the study partner in the last 30 days, and the plasma HIVV-1 RNA
concentration of the HIV-1 infected partner in the couple due to the known associations of
these factors with male circumcision status or risk of STI/HIV-1 transmission. 27-30
Unprotected sex and HIV-1 RNA concentration were analyzed as time-dependent variables

Lancet Glob Health. Author manuscript; available in PMC 2015 November 01.
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as reported at the follow up visit when syphilis testing was conducted. For HIV-1 uninfected
participants, we included the HIVV-1 RNA concentration of the HIV-1 infected partner.
Additionally, we identified several demographic, behavioral, and medical characteristics to
assess as potential confounders: pregnancy during follow up among female partners, marital
status, cohabitation with study partner, number of children with study partner, reported sex
with an outside partner, CD4 count of the HIV-1 infected partner, PrEP study arm
assignment, HSV-2 status at enrollment, infection with a curable STI (Neisseria
gonorrhoeae, Chlamydia trachomatis or Trichomonas vaginalis) at enrollment, and HIV-1
seroconversion of the HIV-1 uninfected partner during follow-up. None of these additional
potential confounders were included in the final models because they did not substantially
change the logistic regression model odds ratio or survival model hazard ratios (<10%
change).

To examine the robustness of our Andersen-Gill models, we repeated the primary analysis
using Poisson generalized estimating equations (GEE) regression models for interval-
censored failure time data. 31 We also performed sensitivity analyses by 1) excluding cases
with a subsequent 4-fold titer increase in RPR after previously detected incident syphilis to
reduce potential misclassification due to treatment failure, 2) restricting the analysis to study
participants whose partners had serologic evidence of syphilis infection to examine the
effect of male circumcision on syphilis infections with the clearest evidence of linkage
within the study partnerships and 3) restricting the analysis to men who became circumcised
during follow up to examine the effect of the period immediately following the medical
male circumcision procedure on syphilis acquisition and transmission. Data were analyzed
using STATA 13.1/MP for Windows (Stata Corporation, College Station, TX).

Role of the funding source—The funding sources had no involvement in the study
design, data collection or analysis, interpretation of results, and writing of this report. The
corresponding author had full access to all the data in the study and had final responsibility
for the decision to submit for publication without involvement of the funding source.

Enrollment characteristics

A total of 4716 couples (99-3% of couples in the clinical trial) met criteria for inclusion in
this analysis, in which the HIV-1 infected partner was female in 2946 couples and male in
1770 couples (Table 1); 31 were excluded due to missing data or having a “partial” male
circumcision status. The median age at enrollment was 30 years (interquartile range [IQR]
25-36) for women and 36 (IQR 30-42) for men; most couples were married (98:2%) and
had a median of 2 children (IQR 1-4) together. The median number of sex acts in the prior
month was 4 (IQR 2-8) and 26-4% of couples reported unprotected sex. 13-9% of men and
0-8% of women reported having sex with an outside partner in the month prior to
enrollment. The prevalence of other curable STIs was 4-5% among men and 10-0% among
women (1.1% in men and 0.9% in women for Chlamydia trachomatis, 0.8% in men and
1.7% in women for Neisseria gonorrhoeae, and 2.8% in men and 8.5% in women for
Trichomonas vaginalis).

Lancet Glob Health. Author manuscript; available in PMC 2015 November 01.
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At enrollment, 45.6% of men were circumcised (574 [32:4%] of HIV-1 infected and 1575
[53:5%] of HIV-1 uninfected men, Table 1). Couples with circumcised men were more
educated (p<0.001 for the education level of both members of couples with HIV-1 infected
and uninfected men), more often from Kenya (p<0-001 for couples with HIV-1 uninfected
and infected men), had more children (p=0-001 for couples with an HIV-1 uninfected man
and p<0:001 for couples with an HIV-1 infected man), reported unprotected sex with the
study partner less frequently in the past month (p<0-001 for couples with an HIV-1
uninfected man and p=0-021 for couples with an HIV-1 infected man), had male partners
that reported sex with an additional partner less frequently (p=0-002 for couples with an
HIV-1 uninfected man and p=0-001 for couples with an HIV-1 infected man), lower plasma
HIV-1 RNA concentration of HIV-1 infected partners (p<0:001 for couples with HIV-1
uninfected and infected men), and lower prevalence of curable STIs among female partners.

Syphilis prevalence at enrollment and association with male circumcision status

Circumcised HIV-1 infected and uninfected men had a lower prevalence of syphilis at
enrollment than those who were uncircumcised: for HIV-1 infected men, prevalence was
1.9% vs 7-3% among those circumcised and uncircumcised (adjusted odds ratio [aOR]=0-25,
95% confidence interval [CI] 0-17-0-36, Table 2) and for HIV-1 uninfected men, prevalence
was 2-1% versus 4-8% among those circumcised and uncircumcised (aOR=0-51, 95% ClI
0-40-0-66). This same pattern was observed in women: the prevalence of syphilis was 1-7%
among HIV-1 infected women with circumcised male partners compared to 5:4% among
those with uncircumcised male partners (aOR=0-35, 95% CI 0-27-0-46), and syphilis
prevalence was 2-5% among HIV-1 uninfected women with circumcised male partners
compared to 5-6% among those with uncircumcised male partners (aOR=0-45, 95% CI
0-37-0-64).

Incident syphilis during follow up and association with male circumcision status

A total of 1645 HIV-1 infected men, 2744 HIV-1 uninfected men, 1643 HIV-1 uninfected
women, and 2773 HIV-1 infected women had complete information on male partner
circumcision status, at least one syphilis serology result, and sexual behavior data during
study follow up and were included in the final analysis of incident syphilis risk (Table 3).
The median time that participants were in the study was 275 years (IQR 2-:30-2-79). A total
of 221 incident syphilis infections were observed: 46 among HIV-1 infected men (incidence
1.10 per 100 person-years), 76 among HIV-1 uninfected men (1.09 per 100 person-years),
54 among HIV-1 infected women (0-77 per 100 person-years) and 45 among HIV-1
uninfected women (1-11 per 100 person-years). A total of 21 individuals had more than one
incident syphilis infection during follow up (9 women and 12 men).

Overall, male circumcision was associated with a 42% reduction in incident syphilis in men
(Table 3) including a 62% reduction among HIV-1 infected men (adjusted hazard ratio [HR]
0-38, 95% CI 0-18-0-81) and a non-significant reduction in incident syphilis among HIV-1
uninfected men (adjusted HR 0:-64, 95% CI 0-36-1-11). There was no statistically significant
difference in the effect of male circumcision on syphilis incidence between HIV-1 infected
and uninfected men (likelihood ratio pinteraction=0-26). Among women, circumcision of their
male partners was associated with a 59% reduction in incident syphilis, including a 75%

Lancet Glob Health. Author manuscript; available in PMC 2015 November 01.
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reduction among HIV-1 uninfected women (adjusted HR 0-25, 95% CI 0-08-0-76) and a
48% reduction among HIV-1 infected women (adjusted HR 0-52, 95% CI 0-27-0-97). The
effect of male circumcision on syphilis incidence between HIV-1 infected and uninfected
women was not significantly different (likelihood ratio pineraction=0-17). Analysis using
Poisson GEE regression models for interval-censored failure time data produced results that
were very similar to all Andersen-Gill models (data not shown).

Sensitivity analyses

To reduce potential misclassification of RPR titer increases representing syphilis treatment
failure rather than new infections, we excluded cases with a subsequent 4-fold titer increase
in RPR after previously detected incident syphilis. Results were similar to those from the

full cohort: for HIV-1 infected men, the adjusted HR was 0-43, 95% CI 0-19-0-99 (36
events), for HIV-1 uninfected men, the adjusted HR was 0-58, 95% CI 0-58-1.-04 (47
events), for HIV-1 infected women, the adjusted HR was 0-56, 95% CI 0-29-1-06 (38
events) and for HIV-1 uninfected women, the adjusted HR was 028, 95% CI 0-10-0-84 (32
events). To reduce potential misclassification of syphilis acquisition from outside partners,
we restricted the cohort to study participants whose partners had serologic evidence of
syphilis infection. Results were of similar magnitude to those from the full cohort, although
power was limited: for HIV-1 infected men, the adjusted HR was 0-39, 95% CI 0-06-2-47 (9
events in 84 men), for HIV-1 uninfected men, the adjusted HR was 1.18, 95% CI 0-34-4-14
(19 events in 111 men), for HIV-1 infected women, the adjusted HR 0-73, 95% CI 0-24-2.23
(15 events in 115 women) and for HIV-1 uninfected women, the adjusted HR was 0-85, 95%
Cl 0-09-8-32 (10 events in 103 women).

Uptake of male circumcision and association with syphilis acquisition during follow-up

A total of 69 (4-2%) HIV-1 infected and 132 (4-8%) HIV-1 uninfected men became
circumcised during study follow-up and there were no incident syphilis infections among
their female partners. Two of 76 incident syphilis infections among HIV-1 uninfected men
and two of 46 incident syphilis infections among HIV-1 infected men were among men who
became circumcised during follow-up; all four syphilis infections were detected at the same
annual visit when men were first documented to be circumcised. When we restricted our
analysis to men who became circumcised during study follow up, the results were
qualitatively similar to those of the primary analysis.

Discussion

In this large prospective study from East Africa, male circumcision was associated with a
reduced risk of prevalent and incident syphilis for men and women. The magnitude of risk
reduction associated with male circumcision ranged from ~40-75% and was statistically
significant in all groups except for HIV-1 uninfected men where a trend towards a protective
benefit was observed. There are very limited data assessing the relationship between male
circumcision and incident syphilis risk for HIVV-1 infected men and female partners of men
with and without HIV-1 infection, and thus our findings provide important new information
for the medical benefits of male circumcision.

Lancet Glob Health. Author manuscript; available in PMC 2015 November 01.
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There is a clear biological rationale for why male circumcision may protect against
ulcerative STls, such as syphilis. Uncircumcised men may be at increased risk due to
penetration of pathogens through the inner surface of the foreskin and frenulum, or through
micro-abrasions to the thinner epithelium lining the foreskin occurring during intercourse. °
The warm, moist area under the foreskin may provide an environment which encourages
replication of Treponema pallidum and other pathogens. Male circumcision may reduce
transmissibility to female partners by reducing the surface area of the glans where
spirochete-containing ulcers can form. At the population level, male circumcision could
benefit women by reducing their risk of exposure to syphilis through reducing the risk of
syphilis in their male partners. Current WHO guidelines recommend male circumcision
programs for HIV-1 prevention among heterosexual men in settings with a high HIV/AIDS
burden. %14 The effect of male circumcision programs in reducing syphilis incidence and
secondary transmission, in addition to HIV-1 incidence among heterosexual men, could
potentially have important public health implications and warrants future investigation.

Multiple studies have examined associations between male circumcision and the incidence
of non-HIV-1 STls. 32 A meta-analysis of studies reporting on the association of male
circumcision and syphilis, essentially among HIV-1 uninfected men, reported a summary
relative risk of 0-69, (95% CI 0-50-0-94) similar to our findings. ® Two prior randomized
trials have assessed the effect of male circumcision (versus delayed male circumcision) on
syphilis acquisition among HIV-1 uninfected men; neither found a protective effect:
adjusted HR 110, 95% CI 0-75-1:65 and risk ratio 1-23, 95% CI 0-41-3-65. 810 Both
randomized trials excluded men who were HIV-1 or T. pallidum-infected at baseline and
reported low detection of syphilis at follow up. Our study did not have these exclusion
requirements, and thus our participants may have had greater syphilis exposure, permitting
observation of the impact of male circumcision on syphilis risk that was not possible in the
recent clinical trials.

This is the first study to our knowledge that has reported a statistically significant reduced
risk of incident syphilis among female partners with circumcised male partners. Syphilis
prevention in women continues to be an important goal. Several longitudinal studies and
ongoing national-level surveys have established syphilis and HIV-1 comorbidity among
women in sub-Saharan Africa. 3334 Additionally, there are approximately 1 million new
cases of congenital syphilis annually warranting further research on risk factors for syphilis
among women and identification and implementation of effective interventions. 3° Efforts to
promote medical male circumcision should emphasize the other reproductive health benefits
to men and their female partners, including syphilis prevention, in addition to HIV-1
prevention.

Limitations of our study included the annual assessment of male circumcision status, which
reduced our ability to precisely determine when initially uncircumcised men became
circumcised. We tested for syphilis annually and when clinically indicated but generally had
limited ability to detect all incident syphilis infections, especially infections that may have
occurred between testing intervals, some of which were potentially treated by outside
providers or indirectly treated with antibiotics prescribed for other medical conditions.
Although our data are from couples, the one year interval between syphilis testing and
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absence of laboratory testing to link syphilis infections complicates our ability to link
syphilis infections within couples. Thus, there could be some misclassification in evaluation
of male circumcision and incident syphilis if partners acquired syphilis from an outside
partner whose male circumcision status was not known. Results from our sub-analyses
restricted to study participants whose partners had prior evidence of syphilis infection were
similar to those from our primary models although with limited power. Additionally, our
study participants were mutually disclosed HIV-1 serodiscordant heterosexual African
couples and therefore further data are needed to confirm our results in other populations.

In conclusion, we found a consistent protective effect of male circumcision on syphilis
incidence among HIV-1 infected and uninfected men and women. Our results add to the
body of evidence that male circumcision prevents STIs in populations beyond HIV-1
uninfected men. If confirmed, our results suggest that male circumcision could significantly
reduce syphilis incidence and related sequelae in both men and their female partners. A
reduction in syphilis infection for men and women via male circumcision could have
important implications for syphilis control and enhancing the public health benefits of this
effective intervention, particularly in settings with high HIV/AIDS comorbidity and where
congenital syphilis persists as a public health problem.

Acknowledgments

The Partners PrEP Study was funded through a research grant from the Bill & Melinda Gates Foundation (grant ID
#OOP47674) and RH was supported through the Eunice Kennedy Shriver National Institute of Child Health and
Human Development (K99HD076679). We thank all study participants for their contributions, and staff at all
participating institutions for their support. The study team acknowledges the Director of KEMRI for support.

Partners PrEP Study Team

University of Washington Coordinating Center and Central Laboratories, Seattle, USA:
Connie Celum (principal investigator, protocol co-chair), Jared M. Baeten (medical director,
protocol co-chair), Deborah Donnell (protocol statistician), Robert W. Coombs, Lisa
Frenkel, Craig W. Hendrix, Jairam Lingappa, M. Juliana McElrath.

Study sites and site principal investigators:

Eldoret, Kenya (Moi University, Indiana University): Kenneth Fife, Edwin Were; Kabwohe,
Uganda (Kabwohe Clinical Research Center): Elioda Tumwesigye; Jinja, Uganda (Makerere
University, University of Washington): Patrick Ndase, Elly Katabira; Kampala, Uganda
(Makerere University): Elly Katabira, Allan Ronald; Kisumu, Kenya (Kenya Medical
Research Institute, University of California San Francisco): Elizabeth Bukusi, Craig Cohen;
Mbale, Uganda (The AIDS Support Organization, CDC-Uganda): Jonathan Wangisi, James
Campbell, Jordan Tappero; Nairobi, Kenya (University of Nairobi, University of
Washington): James Kiarie, Carey Farquhar, Grace John-Stewart; Thika, Kenya (University
of Nairobi, University of Washington): Nelly Rwamba Mugo; Tororo, Uganda (CDC-
Uganda, The AIDS Support Organization): James Campbell, Jordan Tappero, Jonathan
Wangisi. Data management was provided by DF/Net Research, Inc. (Seattle, USA) and site
laboratory oversight was provided by Contract Laboratory Services (University of the
Witwatersrand, Johannesburg, South Africa).

Lancet Glob Health. Author manuscript; available in PMC 2015 November 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Pintye et al.

References

1.

Page 10

Auvert B, Taljaard D, Lagarde E, Sobngwi-Tambekou J, Sitta R, Puren A. Randomized, controlled
intervention trial of male circumcision for reduction of HIV infection risk: the ANRS 1265 Trial.
PLoS medicine. 2005; 2(11):e298. [PubMed: 16231970]

. Bailey RC, Moses S, Parker CB, et al. Male circumcision for HIV prevention in young men in

Kisumu, Kenya: a randomised controlled trial. Lancet. 2007; 369(9562):643-656. [PubMed:
17321310]

. Wawer MJ, Makumbi F, Kigozi G, et al. Circumcision in HIV-infected men and its effect on HIV

transmission to female partners in Rakai, Uganda: a randomised controlled trial. Lancet. 2009;
374(9685):229-237. [PubMed: 19616720]

. Siegfried N, Muller M, Deeks JJ, Volmink J. Male circumcision for prevention of heterosexual

acquisition of HIV in men. Cochrane Database Syst Rev. 2009; (2):Cd003362. [PubMed:
19370585]

. WHO/UNAIDS. New data on male circumcision and HIV prevention—policy and programme

implications: conclusions and recommendations. Geneva: United Nations Joint Programme on HIV/
AIDS; 2007.

. Sobngwi-Tambekou J, Taljaard D, Nieuwoudt M, Lissouba P, Puren A, Auvert B. Male

circumcision and Neisseria gonorrhoeae, Chlamydia trachomatis and Trichomonas vaginalis:
observations after a randomised controlled trial for HIV prevention. Sexually Transmitted
Infections. 2009; 85(2):116-120. [PubMed: 19074928]

. Larke N, Thomas SL, Dos Santos Silva I, Weiss HA. Male circumcision and human papillomavirus

infection in men: a systematic review and meta-analysis. J Infect Dis. 2011; 204(9):1375-1390.
[PubMed: 21965090]

. Tobian AA, Serwadda D, Quinn TC, et al. Male circumcision for the prevention of HSV-2 and HPV

infections and syphilis. The New England journal of medicine. 2009; 360(13):1298-1309.
[PubMed: 19321868]

. Weiss HA, Thomas SL, Munabi SK, Hayes RJ. Male circumcision and risk of syphilis, chancroid,

and genital herpes: a systematic review and meta-analysis. Sex Transm Infect. 2006; 82(2):101-
109. discussion 10. [PubMed: 16581731]

10. Mehta SD, Moses S, Parker CB, Agot K, Maclean I, Bailey RC. Circumcision status and incident

herpes simplex virus type 2 infection, genital ulcer disease, and HIV infection. Aids. 2012; 26(9):
1141-1149. [PubMed: 22382150]

11. Mehta SD, Gaydos C, Maclean |, et al. The Effect of Medical Male Circumcision on Urogenital

Mycoplasma genitalium among Men in Kisumu, Kenya. Sex Transm Dis. 2012; 39(4):276-280.
[PubMed: 22421693]

12. Gray R, Azire J, Serwadda D, et al. Male circumcision and the risk of sexually transmitted

infections and HIV in Rakai, Uganda. AIDS. 2004; 18(18):2428-2430. [PubMed: 15622320]

13. Reynolds SJ, Shepherd ME, Risbud AR, et al. Male circumcision and risk of HIV-1 and other

sexually transmitted infections in India. Lancet. 2004; 363(9414):1039-1040. [PubMed:
15051285]

14. Weiss HA, Hankins CA, Dickson K. Male circumcision and risk of HIV infection in women: a

systematic review and meta-analysis. Lancet Infectious Diseases. 2009; 9(11):669-677.

15. Wawer MJ, Tobian AA, Kigozi G, et al. Effect of circumcision of HIV-negative men on

transmission of human papillomavirus to HIV-negative women: a randomised trial in Rakai,
Uganda. Lancet. 2011; 377(9761):209-218. [PubMed: 21216000]

16. Davis MA, Gray RH, Grabowski MK, et al. Male circumcision decreases high-risk human

papillomavirus viral load in female partners: a randomized trial in Rakai, Uganda. Int J Cancer.
2013; 133(5):1247-1252. [PubMed: 23400966]

17. Gray RH, Kigozi G, Serwadda D, et al. The effects of male circumcision on female partners'

genital tract symptoms and vaginal infections in a randomized trial in Rakai, Uganda. Am J Obstet
Gynecol. 2009; 200(1):42, el—e7. [PubMed: 18976733]

Lancet Glob Health. Author manuscript; available in PMC 2015 November 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Pintye et al.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Page 11

Gray, R.; Wawer, M.; Thoma, M., et al. Male circumcision and the risks of female HIV and
sexually transmitted infections acquisition in Rakai, Uganda (abstract #128). 13th Conference on
Retroviruses and Opportunistic Infections; Denver, CO. 2006.

Castellsague X, Peeling RW, Franceschi S, et al. Chlamydia trachomatis infection in female
partners of circumcised and uncircumcised adult men. Am J Epidemiol. 2005; 162(9):907-916.
[PubMed: 16177149]

Turner AN, Morrison CS, Padian NS, et al. Male circumcision and women's risk of incident
chlamydial, gonococcal and trichomonal infections. Sex Transm Dis. 2008; 35(7):689-695.
[PubMed: 18418300]

Tobian AA, Kigozi G, Redd AD, et al. Male circumcision and herpes simplex virus type 2
infection in female partners: a randomized trial in Rakai, Uganda. J Infect Dis. 2012; 205(3):486—
490. [PubMed: 22147796]

Hutchinson J. On the influence of circumcision in preventing syphilis. Med Times Gazette. 1855
On theinfluence of circumcision in preventing syphilis.

Singh AE, Romanowski B. Syphilis: Review with Emphasis on Clinical, Epidemiologic, and Some
Biologic Features. Clin Microbiol Rev. 1999; 12(2):187-209. [PubMed: 10194456]

Centers for Disease Control and Prevention. Voluntary medical male circumcision - southern and
eastern Africa, 2010-2012. MMWR Morb Mortal WKly Rep. 2013; 62(47):953-957. [PubMed:
24280914]

Baeten JM, Donnell D, Ndase P, et al. Antiretroviral prophylaxis for HIV prevention in
heterosexual men and women. The New England journal of medicine. 2012; 367(5):399-410.
[PubMed: 22784037]

Mujugira A, Baeten JM, Donnell D, et al. Characteristics of HIVV-1 Serodiscordant Couples
Enrolled in a Clinical Trial of Antiretroviral Pre-Exposure Prophylaxis for HIV-1 Prevention.
PLoS ONE. 2011; 6(10):e25828. [PubMed: 21998703]

Lingappa JR, Thomas KK, Hughes JP, et al. Partner characteristics predicting HIV-1 set point in
sexually acquired HIV-1 among African seroconverters. AIDS research and human retroviruses.
2013; 29(1):164-171. [PubMed: 23061422]

Tram KH, Bertrand JT. Correlates of male circumcision in Eastern and Southern African countries:
establishing a baseline prior to VMMC Scale-up. PL0S One. 2014; 9(6):¢100775. [PubMed:
24955963]

Otieno FO, Ndivo R, Oswago S, et al. Correlates of prevalent sexually transmitted infections
among participants screened for an HIV incidence cohort study in Kisumu, Kenya. Int J STD
AIDS. 2014

Odoyo-June E, Rogers JH, Jaoko W, Bailey RC. Changes in plasma viral load and penile viral
shedding after circumcision among HIV-positive men in Kisumu, Kenya. J Acquir Immune Defic
Syndr. 2013; 64(5):511-517. [PubMed: 23933768]

Tobian AA, Gaydos C, Gray RH, et al. Male circumcision and Mycoplasma genitalium infection in
female partners: a randomised trial in Rakai, Uganda. Sex Transm Infect. 2014; 90(2):150-154.
[PubMed: 24259189]

Tobian AA, Kacker S, Quinn TC. Male circumcision: a globally relevant but under-utilized method
for the prevention of HIV and other sexually transmitted infections. Annu Rev Med. 2014;
65:293-306. [PubMed: 24111891]

Temmerman M, Ali FM, Ndinya-Achola J, Moses S, Plummer FA, Piot P. Rapid increase of both
HIV-1 infection and syphilis among pregnant women in Nairobi, Kenya. Aids. 1992; 6(10):1181—
1185. [PubMed: 1466850]

Makasa M, Fylkesnes K, Michelo C, Kayeyi N, Chirwa B, Sandoy I. Declining syphilis trends in
concurrence with HIV declines among pregnant women in Zambia: observations over 14 years of
national surveillance. Sex Transm Dis. 2012; 39(3):173-181. [PubMed: 22337102]

Kruger C, Malleyeck I. Congenital syphilis: still a serious, under-diagnosed threat for children in
resourcepoor countries. World J Pediatr. 2010; 6(2):125-131. [PubMed: 20490768]

Lancet Glob Health. Author manuscript; available in PMC 2015 November 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Pintye et al.

Page 12

Panel: Research in Context
Systematic Review

We conducted a systematic search of the literature using PubMed with the terms “male
circumcision”, “syphilis”, “acquisition”, “risk”, and “female partners”. We identified one
meta-analysis synthesizing studies from 1950-2004 that reported a statistically
significant summary measure demonstrating a protective effect of male circumcision on
syphilis infection among men. © Two additional prospective studies published since this
meta-analysis utilized randomized study designs to evaluate the relationship of male
circumcision and syphilis acquisition among HIV-1 uninfected men. 810 These studies
found no difference in the rate of syphilis incidence among HIV-1 uninfected men
randomized to immediate versus delayed medical male circumcision. We did not identify
any studies that investigated the relationship of male circumcision status and syphilis risk
among HIV-1 infected men or the relationship of male circumcision status and syphilis
risk among female partners.

I nter pretation

In this large prospective study, male circumcision protected against syphilis acquisition
in HIV-1 infected and uninfected men and women. If confirmed through other studies,
our results suggest that male circumcision could play an important role for syphilis
control and would enhance the public health benefits of this effective intervention,
particularly in settings with high HIV/AIDS comorbidity and where congenital syphilis
persists as a public health problem.
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