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Abstract
Background

South Africa has a persistent burden of sexually transmitted infections (STIs). Male circumcision has been shown to be effective in preventing HIV, and STIs
but data are scarce on the protective effect of circumcision in high-risk populations such as migrant miners. The objective of this study was to assess the
effect of medical and traditional circumcision on the prevalence of STIs after adjusting for other risk factors in Rustenburg, a mining town in North West
Province, South Africa.

Methods

This cross-sectional study used baseline data collected from a cohort study. Adult males in a mining town were assessed for STIs (gonorrhea, chlamydia, and
trichomoniasis) using syndromic assessment. Data on circumcision status and other risk factors for STIs were collected using an interviewer-administered
questionnaire. Multivariable log binomial regression was used to assess the independent effect of circumcision on STI presence after adjusting for
confounders.

Results

A total of 339 participants with a median age of 25 years (IQR 22-29) were included in the study, of whom 116 (34.2%) were circumcised. The overall STIs
prevalence was 27.4% (95% CI 22.8% to 32.6%) and was lower in the circumcised participants compared with those who were uncircumcised (15.5% vs 33.6%,
respectively, p<0.001). Both medical (OR 0.57, 95% CI 0.34-0.95, p = 0.030) and traditional circumcision (OR 0.34, 95% CI 0.13-0.86, p = 0.022) were strongly
associated with a lower risk of STIs after adjustment for employment and condom use. 

Conclusion

In this high-risk population, with a relatively high prevalence of STIs, and where one third of males are circumcised, both medical and traditional circumcision
appear to be protective against STIs.

Background
The global burden of sexually transmitted infections (STIs) remains high (1). Worldwide, more than a million people acquire sexually transmitted infections
every day, 499 million new cases of treatable STIs (gonorrhea, chlamydia, syphilis, and trichomoniasis) arise each year, and 536 million people are estimated
to be living with none curable herpes simplex virus type 2 (HSV-2) (2). In South Africa, several surveys have shown that the prevalence of STIs is considerable
in childbearing age groups. During the period 2016-17, one study estimated the prevalence of chlamydia and herpes simplex virus type 2 to be 5% and 17%,
respectively (3). A considerable prevalence of STIs has also been described in young men and women, with the same study reporting a prevalence of 2% for
gonorrhea, and 5% for trichomoniasis in young man and women aged between 15-24 years old in rural KwaZulu Natal (3). There is a need to both promote
and evaluate existing interventions to improve the effectiveness of prevention of STIs.

STIs have varying consequences on sexual and reproductive health. Syphilis in pregnancy leads to an estimated 305 000 adult and new-born deaths and
leaves 215 000 babies at high risk of losing their life from prematurity, low birth weight or congenital disease each year in the world (2). Gonorrhea and
chlamydia are risk factors for infertility, and untreated genital infection may be the cause of up to 85% of sterility of women seeking infertility treatment (2). As
a result of awareness of the persistent problem of STIs, as well as the effects on health, the World Health Organization (WHO) Global Health Sector strategy
on STI 2016-2021 (4) has outlined the goals and targets for global STIs prevention and control. Among these targets is to collect information on STI
prevalence and incidence across representative populations (4). In South Africa, the government is promoting voluntary male circumcision and condom use
(6) and has sentinel surveillance in place across the nine provinces (5). However, the burden of STIs remains high and this may require combining biological
and behavioral interventions. Further, the use of condoms has remained low in South Africa despite efforts by the government to make condoms accessible to
all (25).

Male circumcision is one of the oldest and most common surgical procedures worldwide and is accepted for many reasons including religious, cultural, social
and medical (7). Circumcision decreases the entry of pathogens through abrasions in the thinly keratinized inner mucosal surface of the foreskin and
eliminates the moist environment under the foreskin, which may favor pathogen persistence and reproduction (4). From an e�cacy point of view, there is
conclusive evidence that male circumcision reduces the risk of HIV and STI infection (11) (33) (34), and the WHO now recommends voluntary medical male
circumcision (VMMC) as one of the key HIV and STI prevention strategies (9). Circumcision does not only protect the male partner, but evidence shows that
the female partner is also protected. This is supported by data from a systematic review of 57 observational studies which showed that females were at a
decreased risk of STIs when their male partners were medically circumcised (12). There is also ample evidence that circumcision reduces risk of HIV and STIs
in men-who-have-sex with men (MSM), reducing risk of HIV infection by up to 23%, as shown by data from a meta-analysis of 62 observational studies (13).

Although data from clinical trials and several observational studies sipport the e�cacy of male circumcision in reducing the risk of STDs, a few questions
remain either unanswered or requiring more research. One of these questions is whether male circumcision remains e�cacious in settings where high-risk
behaviors are prevalent such as the mining towns in South Africa. Mining towns in South Africa are characterized by high risk sexual behavior, as most miners
are “mobile men with money”, migrant workers who tend to stay in the single sex hostels, a remnant of the apartheid system (29) (30) (31). These towns also
tend to have large populations of female sex workers (32), attracted by the “mobile men with money”, the migrant miners. STIs tend to be diagnosed late in
women and female sex workers may act as reservoirs of infection and increase the risk of incident cases and re-infection (21). Further, one of the unintended
effects of widespread educational campaigns about the bene�ts male circumcision is behavioral risk compensation, whereby circumcised men expose
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themselves more, in the belief that they will not get STIs (19). Behavioral risk compensation is not limited to men only as women may change their behavior in
the belief that VMMC protects them. In one study in South Africa, women who were aware of the bene�ts believed that VMMC reduced the need to worry about
HIV and were less likely to use condoms with circumcised men (20). Furthermore, even when the men are circumcised, some resume sexual activity before the
6 weeks post circumcision wound healing period and this increases the risk of STIs (19). How these factors affect the risk of STIs in a setting where high-risk
sexual activity is prevalent such as migrant mining communities found in certain parts of South Africa is not known (22). This is couple with the fact that
many men are circumcised using traditional ways as many communities practice circumcision as a rite of passage to manhood (23). Available data suggest
that traditional circumcision may not offer optimum protection against the risk of STI through a lack of health education, incomplete foreskin removal and
higher risk sexual behaviors such as multiple partners and lower condom use (23).

This study compares the prevalence of STIs between men who are circumcised and those who are not, in an observational setting, where high-risk sexual
behaviors are prevalent. Further, we compared the prevalence of STIs between males who were traditionally circumcised and those medically circumcised.
Lastly, we assessed the effect of circumcision on the risk of STIs, after adjusting for established risk factors for STIs.

Methods

Study design and eligibility and recruitment
We used baseline cross-sectional data on men collected from a previous study, therefore, this study is a secondary data analysis. The full details of the parent
study are described elsewhere (14), and brief details will be described in this study. The parent study investigated HIV incidence and predictors of inconsistent
condom use among adult men enrolled into an HIV vaccine preparedness study in Rustenburg South Africa and was conducted between May 2012 and Jun
2015. In the parent study, men aged 18-49 years of age were recruited from urban and rural area of Rustenburg by the research staff. The research staff used
awareness campaigns and community meetings to recruit men into the HIV vaccine preparedness study. Further, the research staff approached men in various
settings such as the central business district, townships, clinics, shopping centres, taxi ranks, taverns and car wash stations. Snowball sampling was then
used to recruit to recruit friends and acquaintances of the enrolled men into the study. Men who consented to participate were tested for HIV and completed a
screening questionnaire for high risk sexual behaviour. Participants reporting previous STI diagnosis, multiple sexual partners, having sexual intercourse with
a men (MSM) having a new sexual partner or having sexual intercourse with a partner who was known to have HIV positive were classi�ed as “high-risk”. Only
participants who were HIV negative were enrolled into the parent study. The same eligibility criteria were used for this sub-study except that men who were
MSM were not included in this study.

Setting
Rustenburg city is a mining town in the Bojanala Platinum District in the North West province, 173 kilometers from Johannesburg. The Tshwane ethnicity and
diverse internal and external migrants are the predominant populations in this community (14). The migration population is due to the mining industry which
attracts many people seeking employment. Further, most of the migrant mine workers are male and are housed in single sex male hostels, and this is
associated with high numbers of female sex workers (15). This may increase the prevalence of STIs in this population (27).

Sample Size and power
The baseline data on 339 heterosexual men collected over 6 months were available for analysis. Post –hoc power calculation based on the prevalence of STIs
being 30%, prevalence of all types of circumcision being 34%, and among those circumcised, 15% having STIs while among the uncircumcised group a 30%
prevalence of STIs, yielded 84.8% power to detect a difference.

Data collection
Data were collected using a validated interviewer-administered questionnaire. Data collected included socio-demographic data, risky sexual behaviour and
circumcision status and assessment of STIs. Inconsistent condom use as was categorized as never, frequently, or sometimes using condoms with partners in
the last three months, while consistent condom use was always using a condom with all partners.

Assessment of circumcision
Using the interviewer-administered questionnaire, participants were asked whether they were circumcised and if so, whether they were circumcised traditionally
or medically. There was no distinction between cultural and traditional circumcision.

Assessment of STIs
Assessment of sexually transmitted infections was done in the parent study using syndromic assessment. This included a brief physical examination and
assessment of vital signs, weight, height, examination external genital, and rectal examinations for relevant symptoms (14). Clinicians employed by the study
conducted the syndromic assessment. 
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Data analysis
All analyses were performed using Stata version 15 (Stata Corp (2017) Stata Statistical Software: Release 15. College Station, TX: Stata Corp LLC). Numerical
data were presented using mean and standard deviation (SD) when variables were normally distributed, otherwise median and inter-quarter ranges (IQR) were
reported. Frequencies and percentages were used to summarize categorical variables.

Demographic data were compared between the circumcision categories using Kruskal Wallis tests, chi-squared or Fisher’s exact tests. The prevalence of STIs
overall was presented with 95% con�dence intervals (95%CI), and compared between men who were not circumcised, those who were traditionally circumcised
and those who were medically circumcised. The association between risk factors including circumcision and STI prevalence was assessed initially using
univariate log binomial regression analysis and crude relative risks and 95% con�dence intervals reported. Circumcision as well as the other risk factors which
were found to show an association with STIs at <= 0.2 level of signi�cance were included in the predictive multivariable log binomial regression model.
Backward selection based on likelihood ratios was used to arrive at a �nal model. The magnitude of the association between identi�ed factors and outcomes
was summarized using adjusted relative risks and 95% con�dence intervals.

Ethics considerations
The study was approved by the Health Research Ethics Committee at Stellenbosch University, (Reference No: S19/07/134), with a waiver of informed consent,
as no new data were collected from participants. Permission to use the data was obtained from the Arum Institute.

Results
Table 1 shows the demographics of the participants by circumcision status. Baseline data on 339 participants were included in the study. In total 116 (34.2%)
of the participants were circumcised, by either medical or traditional means. The majority (68%) were medically circumcised while the remainder were
traditionally circumcised. Their median age was 25 years, with an inter-quartile range from 22 to 29 years. The mean total years of schooling was 12 years
with a standard deviation of 2 years. Most of the participants were Black, married but lived without a partner. Demographics did not vary by circumcision
status.

Table 1: Demographics of participants by circumcision status  

The prevalence of STIs overall was 27.4% (93/339) (95% CI 22.8% to 32.6%). The prevalence of STIs was higher in uncircumcised males, compared to those
circumcised (33.6% vs 15.5%, respectively). Further, the prevalence of STIs in participants who were medically circumcised was 17.7% versus 10.8% in those
who were traditionally circumcised.

Table 2: Univariate association between circumcision, other risk factors, and STI presence  

Table 2 shows univariate associations between risk factors and STI prevalence. Circumcised males, both medically circumcised and traditionally circumcised,
were less likely to develop STIs than uncircumcised men. Employed men were more likely to have STIs than unemployed men. Always using condoms was
signi�cantly protective for STIs. The enrolment age and years of schooling were weakly positively associated with STIs.

Table 3: Multiple log binomial regression model for risk factors for STIs

The �ve covariates were entered into a multiple log binomial regression model. Using backward selection based on likelihood ratios, within three steps the �nal
model containing circumcision, employment, and frequency of condom use remained. Circumcision remained strongly protective for STIs (Adjusted RR for
medically circumcised 0.565 and 0.339 for traditionally circumcised, p=0.030 and 0.022 respectively), after adjusting for employment, and condom use, as
shown in Table 3. Frequent condom use was still signi�cantly protective even after adjustment for circumcision. Employed men were 1.64 times more likely to
have STIs after adjustment for circumcision and condom use.

Discussion
In this study, we found a high prevalence of 27.4% for STIs overall, and that uncircumcised males had double the prevalence compared to circumcised males.
We also found that the prevalence of STIs was higher in individuals who were medically circumcised, compared to those who were traditionally circumcised.
Finally, we found that both medical and traditional circumcision were independently associated with a protective effect against the risk of STIs.

Our �ndings of a lower prevalence of STIs in circumcised men are similar with the �ndings from several RCTs (8) (10) (28) (33) (34). Several meta-analyses
have con�rmed the protective effect of male circumcision in in heterosexual males (35), in MSM (36) and in women (37). Our study adds to the body of
knowledge by contributing �ndings on the protective effect of male circumcision in heterosexual men in a high-risk mining town environment, as well as data
on the prevalence of STIs in traditionally circumcised men. However, the high prevalence of STIs in our study setting suggests a need for more interventions in
the mining towns. These interventions could include provision of more medical circumcision services and more health education to reduce risky sexual
behaviors and to encourage the miners to be circumcised. There is also need for research to investigate the drivers for the high prevalence of STIs, as well as
the acceptability of medical circumcision in the miners, as they usually come from diverse backgrounds.

We found a lower prevalence of STIs in men who were traditionally circumcised compared to both the medically circumcised and those not circumcised. It is
not clear why the men who were medically circumcised had a higher prevalence of STIs, compared to those traditionally circumcised, in our study. Bigger
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robust studies are needed to assess this �nding. While our �nding that traditional circumcision may have a protective effect against STIs is a positive �nding,
the �ndings need to be interpreted with caution. Traditional circumcision has several issues which need to be dealt with, if it is going to be a safe and
e�cacious method of preventing STIs and HIV. Data shows that there is a higher risk of complications when traditional circumcision is used, compared to
medical circumcision (38). A serious concern against traditional circumcision in South Africa is the high number of circumcision-related deaths that are
reported every year (39). Several interventions have been assessed, including the training of traditional “surgeons” in aseptic technique and the need to refer
men who develop complications (39). However, more effective interventions are still needed to reduce the number of these largely preventable deaths of
initiates (39).

Our data shows a huge disparity in consistent condom use between participants with STIs and those without. The two interventions, condom use and male
circumcision, if combined, may provide a greater protective effect against both STIs and HIV. However, in South Africa, condom use has remained suboptimal
(40) while the prevalence of male circumcision varies from a low of 25% to a high of 75% between districts (41). The results of our study suggest a strong
need to increase coverage of voluntary male circumcision. Several service-delivery interventions have been found to increase the uptake of voluntary male
circumcision. These interventions include the provision of mobile circumcision services, home based HIV testing and referral services and comprehensive sex
education (42). Data also suggests that these interventions are not only perceived as acceptable but are cost effective and feasible in low resource setting
(42). More research is needed on innovations to improve coverage of voluntary male circumcision, as part of the package of interventions for the prevention of
HIV and STIs.

 A limitation of this study is the cross-sectional design which limits our ability to explain the cause and effect relationship between the two circumcision
methods and prevention of STIs. We can merely state an association that is apparent in the data. Another limitation is that both circumcision and risky sexual
behavior were determined by self- reports of participants. Risky sexual behaviors might have been under-reported, while circumcision could have been over
reported as it is traditionally desirable in most cultures. Further, we did not assess whether circumcision was done culturally or just by a traditional practitioner
and therefore we are not able to assess the effect of these two practices.  The prevalence of STI could have been underestimated in this study because the
STIs that are not syndromic were not assessed. These STIs include HIV, the Human Papilloma Virus (HPV), trichomoniasis and Syphilis. However, all the
participants were tested for HIV in the beginning of the parent study and the results are reported elsewhere (14). The assessment of circumcision did not
include an examination of whether their circumcision was partial or complete, since in some cases of traditional male circumcision, the removal of the
foreskin is partial and in others it is complete, which is protective. We therefore were unable to assess the effect of partial circumcision.

Conclusion
Both medical and traditional circumcision are associated with lower risk of sexually transmitted infections in a population with a relatively high STI prevalence
and where one-third of males are circumcised. Further evidence from robust randomized controlled trials may be required to assess the e�cacy of traditional
male circumcision as a prevention tool against STIs in this population.

Abbreviations
STI: Sexually transmitted infection

HIV: Human immunode�ciency virus

HSV2: Herpes simplex virus 2

MSM: Men who have sex with men

SPSS: Statistical package for social science

AOR: Adjusted odds ratio

CI: Con�dence intervals

IRQ: Inter-quarter range

VMMC: voluntary medical male circumcision

Declarations
Ethics approval and consent to participate

In the parent study, the ethics approval was obtained at the University of Kwazulu Natal Health Research Ethics Committee (ethics reference no: BF059/08)
and each participant provided written informed consent. For this sub-study ethics approval and waiver of informed consent was obtained from the
Stellenbosch University Health Research Ethics Committee, as the study did not investigate objectives outside the primary study.

Consent for publication

Not Applicable

Availability of data and materials



Page 6/9

The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.

Competing interests

BMI – none declared

TC – none declared 

TME – none declared

Funding

No funding to report

Author contributions

All authors have read and approved the manuscript

BMI – conception of, drafting of protocol, data analysis, writing up manuscript and approval for �nal submission.

TC - conception of, revision of protocol, revision of manuscript and approval for �nal submission

TME – conception of, revision of the protocol, revision of the manuscript, data analysis and approval for �nal submission

Acknowledgments

We would like to acknowledge the Aurum institute Rustenburg for the support and for making the data available to us. We thank Prof Vinodh Edward (Chief
operating o�cer at Aurum Institute), Dr. Pholo Maenetje (A program manager at Aurum Institute) and Dr. William Brumskine for their support and during the
study.

References
1. WHO. Report on global sexually transmitted infection surveillance 2015. World Heal Organ

[Internet].2016;54p.Availablefrom:http://apps.who.int/iris/bitstream/handle/10665/249553/9789241565301eng.pdf;jsessionid=9870D6A3677641C8CDD
sequence=1%0Ahttp://www.who.int/reproductivehealth/publications/rtis/stis-surveillance-2015/en/

2. WHO - Word Health Organization. Sexually Transmitted Infections (STIs). The importance of a renewed commitment to STI prevention and control in
achieving sexual and reproductive health. World Heal Organ [Internet]. 2013;1–8. Available from: http://www.ncbi.nlm.nih.gov/pubmed/24694329

3. Francis SC, Mthiyane TN, Baisley K, Mchunu SL, Ferguson JB, Smit T, et al. (2018) Prevalence of sexually transmitted infections among young people in
South Africa: A nested survey in a health and demographic surveillance site. PLoS Med 15(2): e1002512. https://doi.org/ 10.1371/journal.pmed.1002512

4. Korenromp EL, Wi T, Resch S, Stover J, Broutet N (2017) Costing of National STI Program Implementation for the Global STI Control Strategy for the
Health Sector, 2016-2021. PLoS ONE 12(1): e0170773. DOI: 10.1371/journal.pone.0170773

5. Kularatne RS, Niit R, Rowley J, KufaChakezha T, Peters RPH, Taylor MM, et al. (2018) Adult gonorrhea, chlamydia and syphilis prevalence, incidence,
treatment and syndromic case reporting in South Africa: Estimates using the Spectrum-STI model, 1990-2017. PLoS ONE 13 (10): e0205863.
https://doi.org/10.1371/journal. pone.0205863

�. Newman L, Rowley J, Vander Hoorn S, Wijesooriya NS, Unemo M, Low N, et al. (2015) Global Estimates of the Prevalence and Incidence of Four Curable
Sexually Transmitted Infections in 2012 Based on Systematic Review and Global Reporting. PLoS ONE 10(12): e0143304. DOI:10.1371/journal.
pone.0143304

7. Newman L, Rowley J, Vander Hoorn S, Wijesooriya NS, Unemo M, Low N, et al. (2015) Global Estimates of the Prevalence and Incidence of Four Curable
Sexually Transmitted Infections in 2012 Based on Systematic Review and Global Reporting. PLoS ONE 10(12): e0143304. DOI:10.1371/journal.
pone.0143304

�. Puren A, Auvert B, Taljaard D, Lagarde E. Randomized , Controlled Intervention Trial of Male Circumcision for Reduction of HIV Infection Risk : The ANRS
1265 trial. PLoS Med 2(11): e298 DOI: 10.1371/journal.pmed.0020298

9. WHO/UNAIDS Technical Consultation on Male Circumcision and HIV Prevention: Research Implications for Policy and Programming Montreux, 6 – 8
March 2007. https://apps.who.int/iris/handle/10665/43751

10. Pintye J, Drake AL, Unger JA, Matemo D, Kinuthia J, Mcclelland S, et al. Male partner circumcision associated with lower Trichomonas vaginalis incidence
among pregnant and postpartum Kenyan women: a prospective cohort study. BMJ. 2018;93(2):137–43.

11. 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. Sex Transm Infect. 2009;85(2):116–20.

12. Grund JM, Bryant TS, Jackson I, Curran K, Bock N, Toledo C, et al. Articles Association between male circumcision and women's s biomedical health
outcomes : a systematic review. Lancet Glob Heal. 2019;5(11):e1113–22. 

13. Yuan T, Fitzpatrick T, Ko N, Cai Y, Chen Y, Zhao J, et al. Articles Circumcision to prevent HIV and other sexually transmitted infections in men who have sex
with men : a systematic review and meta-analysis of global data. Lancet Glob Heal [Internet]. 2019;7(4):e436–47. Available from:

https://apps.who.int/iris/handle/10665/43751


Page 7/9

http://dx.doi.org/10.1016/S2214-109X(18)30567-9

14. Africa S, Id PM, Lindan C, Id HM, Chetty-makkan CM, Latka MH, et al. HIV incidence and predictors of inconsistent condom use among adult men enrolled
into an HIV vaccine preparedness study, PLoS ONE 14(4): e0214786. https://doi.org/10.1371/journal. pone.0214786

15. Richter ML, Chersich M, Sartorius B, Temmerman M. Migration Status, Work Conditions and Health Utilization of Female Sex Workers in Three South
African Cities Migration Status, Work Conditions and Health Utilization of Female Sex Workers in Three South African Cities. J Immigrant Minority Health
(2014) 16:7–17 DOI 10.1007/s10903-012-9758-4

1�. Elijah Odoyo-June, MBCHB, MSc, *, †, John H. Rogers, BS, MPH, ‡, Walter Jaoko, MBCHB, Ph.D.*,†, and Robert C. Bailey, Ph.D., MPH, Factors Associated
With Resumption of Sex Before Complete Wound Healing in Circumcised HIV-Positive and HIV-Negative Men in Kisumu, Kenya, J Acquir Immune De�c
Syndr. 2013 April 1; 62(4): 465–470. DOI:10.1097/QAI.0b013e3182800710.

17. Moses S. Male circumcision : a new approach to reducing HIV transmission. CMAJ October13, 2009 181 (8) E134-E135; DOI:
https://doi.org/10.1503/cmaj.090809

1�.  Weller SC, Davis-Beaty K. Condom effectiveness in reducing heterosexual HIV transmission. Cochrane Database of Systematic Reviews 2002, Issue 1.
Art. No.: CD003255. DOI: 10.1002/14651858.CD003255

19. Hewett PC, Hallett TB, Mensch BS, Dzekedzeke K, Zimba-Tembo S, Garnett GP, et al. Sex withstitches : assessing the resumption of sexual activity during
the post circumcision wound-healing period. 2012;(August 2011). AIDS. 26(6):749–756, DOI:10.1097/QAD.0b013e32835097ff, PMID 22269970

20. Kalichman S, Mathews C, Kalichman M, Eaton LA, Nkoko K. Male circumcision for HIV prevention: Awareness, risk compensation, and risk perceptions
among South African women. Global public health. 2018 Nov 2;13(11):1682-90.

21. Mactaggart F, McDermott L, Tynan A, Whittaker M. Exploring the broader health and well-being outcomes of mining communities in low-and middle-
income countries: A systematic review. Global public health. 2018 Jul 3;13(7):899-913

22. Sagaon-Teyssier L, Balique H, Diallo F, Kalampalikis N, Mora M, Bourrelly M, Suzan-Monti M, Spire B, Keita BD. Prevalence of HIV at the Kokoyo informal
gold mining site: What lies behind the glitter of gold with regard to HIV epidemics in Mali? A community-based approach (The ANRS-12339 Sanu Gundo
cross-sectional survey). BMJ open. 2017 Aug 1;7(8): e016558

23. Shi C, Li M, Dushoff J. Traditional male circumcision is associated with sexual risk behaviours in Sub-Saharan countries prioritized for male circumcision.
AIDS and Behaviour. 2019 Apr 6:1-9.

24. Peltzer K, Onoya D, Makonko E, Simbayi L. Prevalence and acceptability of male circumcision in South Africa. African J Tradit Complement Altern Med.
2014;11(4):126–30. doi.org/10.4314/ajtcam. v11i4.19

25. Helen Baker; Ana Fried; Allanise Cloete; Cody Sigel; Danielle Miranda; Jose Guillen; Roger Rochat; Aaron Siegler: Give What the People Want: A Situational
Analysis of Condom Distribution and a Feasibility Study of User-Friendly Condoms in Cape Town, South Africa Journal of the Association of Nurses in
AIDS Care. 29(6):887–901, NOVEMBER-DECEMBER 2018 DOI: 10.1016/j.jana.2018.04.002

2�. Ortblad KF, Ba¨rnighausen T, Chimbindi N, Masters SH, Salomon JA, Harling G (2018) Predictors of male circumcision incidence in a traditionally non-
circumcising South African population-based cohort. PLoS ONE 13(12): e0209172. https://doi.org/10.1371/journal. pone.0209172

27. Everisto Benyera(2017) HIV and AIDS in Rustenburg, South Africa: Trends, Risk Behaviors and Some Lessons, Studies on Ethno-Medicine, 11:3, 239-
246, DOI: 10.1080/09735070.2017.1316949

2�. Robert A Diseker, III, Thomas A Peterman, Mary L Kamb, Charlotte Kent, Jonathan M Zenilman, John M Douglas, Jr, Fen Rhodes, Michael Iatesta
Circumcision and STD in the United States: cross sectional and cohort analyses, published as 10.1136/sti.76.6.474 on 1 December 2000

29. Konstant TL, Rangasami J, Stacey MJ, Stewart ML, Nogoduka C. Estimating the number of sex workers in South Africa: Rapid population size estimation.
AIDS and Behavior. 2015 Feb 1;19(1):3-15.

30. Richter M, Chersich MF, Vearey J, Sartorius B, Temmerman M, Luchters S. Migration status, work conditions and health utilization of female sex workers
in three South African cities. Journal of Immigrant and Minority Health. 2014 Feb 1;16(1):7-17.

35. Sharma SC, Raison N, Khan S, Shabbir M, Dasgupta P, Ahmed K. Male circumcision for the prevention of human immunode�ciency virus (HIV)
acquisition: a meta‐analysis. BJU international. 2018 Apr;121(4):515-26.

3�. Douglas M, Maluleke TX, Manyaapelo T, Pinkney-Atkinson V. Opinions and perceptions regarding traditional male circumcision with related deaths and
complications. American journal of men's health. 2018 Mar;12(2):453-62.

37. Analogbei T, Dear N, Reed D, Esber A, Akintunde A, Bahemana E, Adamu Y, Iroezindu M, Maganga L, Kiweewa F, Maswai J. Predictors and Barriers to
Condom Use in the African Cohort Study. AIDS Patient Care and STDs. 2020 May 1;34(5):228-36.

41. Cork MA, Wilson KF, Perkins S, Collison ML, Deshpande A, Eaton JW, Earl L, Haeuser E, Justman JE, Kinyoki DK, Mayala BK. Mapping male circumcision
for HIV prevention efforts in sub-Saharan Africa. BMC medicine. 2020 Dec;18(1):1-5.

42. Atkins K, Yeh PT, Kennedy CE, Fonner VA, Sweat MD, O’Reilly KR, Baggaley R, Rutherford GW, Samuelson J. Service delivery interventions to increase
uptake of voluntary medical male circumcision for HIV prevention: A systematic review. PloS one. 2020 Jan 13;15(1):e0227755.

Tables
             Table 1: Demographics of participants by circumcision status   

https://doi.org/10.1080/09735070.2017.1316949


Page 8/9

  circumcision type p-value
Not circumcised Medically circumcised Traditionally circumcised Total

Enrolment Age (years) Median (IQR) 25 (22-28) 25 (23-29) 27 (23-32) 25 (22-29) 0.147
Age of sexual debut (years) Median (IQR) 17 (16-18) 16 (15-18) 17 (16-18) 17 (15-18) 0.066
Total years of schooling (years) Median (IQR) 12 (12-14) 12 (12-13) 12 (10-13) 12 (12-13) 0.280
Race n (column %) Black 220 (98.7) 79 (100.0) 37 (100.0) 336 (99.1) 0.813

White 1 (0.4) 0 (0.0) 0 (0.0) 1 (0.3)

Other 2 (0.9) 0 (0.0) 0 (0.0) 2 (0.6)

Marital status n (column %) Single 215 (96.4) 72 (91.1) 34 (91.9) 321 (94.7) 0.074

Divorced 0 (0.0) 2 (2.5) 0 (0.0) 2 (0.6)

Married 8 (3.6% 5 (6.3) 3(8.1) 16 (4.7)

Does your partner live with you n (column %) No 168 (75.3) 61 (77.2) 30 (81.1) 259 (76.4) 0.780
Yes 36 (16.1) 13 (16.5) 6 1(6.2) 55 (16.2)

Not applicable/ no partner 19 (8.5) 5 (6.3) 1 (2.7) 25 (7.4)

Employment n (column %) Unemployed 110 (49.3%) 37 (46.8%) 19 (51.4%) 166 (49.0) 0.701

Self employed 16 (7.2%) 6 (7.6%) 1 (2.7%) 23 (6.8)

Student 16 (7.2%) 9 (11.4%) 1 (2.7%) 26 (7.7)

Employed 79 (35.4) 27 (34.2) 16 (43.2) 122 (36.0)

Other 2 (0.9) 0 (0.0) 0 (0.0) 2 (0.6)

 

  

 Table 2: Univariate association between circumcision, other risk factors, and STI presence  

 Factor  Levels  STI Presence  Crude RR (95% CI)  P-value
Present (n=93) Absent (n=246)

Circumcision No  75 (33.6%) 148 (66.4%) 1 (reference)   

Medically circumcised  14 (17.7%) 65 (82.3%) 0.527 (0.317 - 0.877) 0.014  

Traditionally circumcised 4 (10.8%) 33 (89.2%) 0.321 (0.125-  0.826) 0.018  

Employment  Unemployed  35(21.1%)  131(78.9%)  1 (reference)   

Self employed  8(34.8%)  15(65.2%)  1.650 (0.877 - 3.105) 0.121  

Student  5(19.2%)  21(80.8%)  0.912 (0.393 - 2.115) 0.830  

Employed  44(36.1%)  78(63.9%)  1.711 (1.173 - 2.495) 0.005
Other  1(50.0%)  1(50.0%)  2.371 (0.575 - 9.780) 0.232

Does your partner  
live with you?

No  66(25.5%)  193(74.5%)  1 (reference)   
Yes  20(36.4%)  35(63.6%)  1.824 (0.451 - 7.376) 0.399   
Not applicable/no partner  7(28.0%)  18(72.0%)  1.099 (0.567 - 2.131) 0.780

During the last month, on average, how often have you had a drink Containing alcohol?  none  23 (25%)  69 (75%)  1(reference)   
1-3 times  39 (27.5%)  103 (72.5%)  1.099 (0.705 - 1.712) 0.678   

Weekly  27 (28.4%)  68 (71.6%)  1.137 (0.706 - 1.831) 0.598

Daily  4 (40%)  6 (60%)  1.6 (0.692 -  3.697) 0.271   
During the last month, how often were you drunk/drinking alcohol before sex? never  128 (27.7%) 49 (72.3%) 1 (reference)   

sometimes  91 (28.3%)  36 (71.7%)  1.024 (0.711 - 1.475) 0.899

frequently  18(18.2%)  4 (81.8%)  0.657 (0.262 -1.644) 0.369
always  9 (30.8%)  4 (69.2%)  1.111 (0.475 -2.599) 0.807

Frequency of use of condom with female 
partner(s) 

Never  18 (38.3%)  29 (61.7%)  1 (reference)   
Sometimes  43 (32.6%)  89 (67.4%)  0.851 (0.549 - 1.318) 0.469  
Frequently  16 (22.2%)  56 (77.8%)  0.580 (0.330 - 1.020) 0.059

Always  13 (15.3%)  72 (84.7%)  0.399 (0.215 - 0.741) 0.004
Enrolment Age: median (IQR)  26 (23-30)  25 (22-28)  1.021 (0.993 - 1.050) 0.144

Age group 20-23 39 (25.5%) 114 (74.5%) 1 (reference)  

24-29  27 (24.8%) 82 (75.2%) 0.972 (0.635 - 1.486) 0.895

30-34  16 (40%) 24 (60%) 1.569 (0.984 - 2.501) 0.058

35-39  7 (26.9%) 19 (73.1%) 1.056 (0.530 - 2.103) 0.876

>=40  4 (36.4%) 7 (63.6%) 1.427 (0.624 - 3.263) 0.400

Age of sexual debut: median (IQR) 17 (16-18)  17 (15-18)  0.983 (0.933 - 1.035) 0.514
Years of schooling: median (IQR) 12 (11-13)  12 (11-14)  1.069 (0.974 - 1.173) 0.157  

       

 

 Table 3: Multiple log binomial regression model for risk factors for STIs 
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Factor  p value  Adjusted Relative Risk  Lower 95% CI  Upper 95% CI 

Circumcised (medically vs no)  0.030 0.565    0.337 0.947

Circumcised (traditionally vs no) 0.022 0.339          0.134 0.857

Employment         

Self-employed vs unemployed  0.128  1.592     0.875  2.898

Student vs unemployed  0.614 0.782             0.302  2.031

Employed vs unemployed  0.009  1.639          1.1339 2.370

Other vs unemployed  0.530 1.665        0.339 8.172

Frequent use of condom with female partner(s)         

Sometimes vs never  0.598  0.893     0.586   1.356

Frequently vs never  0.137  0.660          0.381  1.141

Always vs never  0.015 0.480           0.266  0.866
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