
Male circumcision decreases high-risk human papillomavirus
viral load in female partners: a randomized trial in Rakai, Uganda

Mitzie-Ann Davis, MD1,2, Ronald H Gray, MD2,3, Mary K. Grabowski, ScM2, David Serwadda,
MMed3,4, Godfrey Kigozi, MBChB3, Patti E. Gravitt, PhD2,5, Fred Nalugoda, MHS3, Stephen
Watya, MMed6, Maria J. Wawer, MD2,3, Thomas C. Quinn, MD3,7,8,9, and Aaron A. R. Tobian,
MD, PhD2,3,7,8

1 Department of Gynecology Oncology, Moores Cancer Center, UCSD, La Jolla, CA 2
Department of Epidemiology, Johns Hopkins University, Bloomberg School of Public Health,
Baltimore, Maryland. 3 Rakai Health Sciences Program, Entebbe, Uganda. 4 School of Public
Health, Makerere University, Kampala, Uganda. 5 Perdana University Graduate School of
Medicine, Serdang, Malaysia 6 Department of Urology, Makerere University, Kampala, Uganda 7
Department of Pathology, School of Medicine, Johns Hopkins University, Baltimore, Maryland. 8
Department of Medicine, School of Medicine, Johns Hopkins University, Baltimore, Maryland. 9
Division of Intramural Research, National Institute of Allergy and Infectious Diseases, National
Institutes of Health, Bethesda, Maryland, USA.

Abstract
Male circumcision (MC) reduces high-risk human papillomavirus (HR-HPV) infection in female
partners. We evaluated the intensity of HR-HPV viral DNA load in HIV-negative, HR-HPV-
positive female partners of circumcised and uncircumcised men. HIV-negative men and their
female partners were enrolled in randomized trials of MC in Rakai, Uganda. Vaginal swabs were
tested for HR-HPV genotypes by Roche HPV Linear Array which provides a semi-quantitative
measure of HPV DNA by the intensity of genotype-specific bands (graded:1-4). We assessed the
effects of MC on female HR-HPV DNA load by comparing high intensity linear array bands (3-4)
to low intensity bands (1-2) using an intention-to-treat analysis. Prevalence risk ratios (PPR) of
high intensity bands in partners of intervention versus control arm men were estimated using log-
binomial regression with robust variance. The trial included 335 women with male partners in the
intervention arm and 340 in the control arm. At enrollment, the frequency of HR-HPV high
intensity linear array bands was similar in both study arms. At 24 months follow-up, the
prevalence of high intensity bands among women with detectable HRHPV was significantly lower
in partners of intervention arm (42.7%) than control arm men (55.1%, PRR= 0.78, 95%CI
0.65-0.94, p=0.02), primarily among incident HR-HPV infections (PRR=0.66, 95% CI 0.50-0.87,
p=0.003), but not persistent infections (PRR=1.02, 95% CI 0.83-1.24). Genotypes with high HR-
HPV band intensity were more likely to persist (adjHR=1.27 95% CI 1.07-1.50), irrespective of
male partner circumcision status. MC reduces HR-HPV DNA load in newly infected female
partners.
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Introduction
High-risk human papillomavirus (HR-HPV) is a common sexually transmitted infection,
especially in developing nations.1 While the majority of women clear or immunologically
control HR-HPV infection within 1-2 years without clinical sequelae,2 persistent HR-HPV
detection is linked to squamous cell cervical cancer.1, 3 High HR-HPV viral load is
associated with persistent infection and cervical lesions.4-5 Cervical cancer is the third most
common cancer in women worldwide;6 greater than 85% of the disease burden is in
developing countries, and cervical cancer is the leading cause of cancer mortality in women
in Eastern Africa.6 Therefore, interventions to potentially reduce persistent HR-HPV
infection and cervical dysplasia/neoplasia are needed.

Male circumcision (MC) holds promise as an intervention to reduce HR-HPV in both men
and women.7-8 Two trials demonstrated that MC reduced the prevalence of penile HR-HPV
infection by approximately 35%,9-11 reduced the acquisition of new HR-HPV infection, and
increased clearance of pre-existing HR-HPV infection in HIV-negative men.12 Circumcised
men in a randomized trial also have reduced HPV-associated penile lesions.13 Female
partners of circumcised men had a lower prevalence and incidence of HR-HPV infection,14

and women married to circumcised men have lower cervical cancer risk.15 MC reduces
penile HR-HPV viral load,16 which may underlie the pathophysiology of reduced HR-HPV
transmission from circumcised men to female partners.

There are no data on the effect of MC on the HR-HPV viral load in female partners of
circumcised males. We utilized data from a randomized controlled trial of MC conducted in
Rakai, Uganda to assess whether MC reduced HR-HPV DNA load in female partners.

Materials and Methods
Study design and participants

Two parallel but independent trials of MC for HIV/STI prevention were conducted in Rakai,
Uganda, as previously described.9, 14, 17 HIV-negative, uncircumcised men aged 15-49 with
no medical indications or contraindications for MC, provided written informed consent and
were randomly assigned to receive immediate MC (intervention arm) or MC delayed for 24
months (control arm). Consenting females who were married or in committed relationships
with male trial participants were invited to participate in a separate parallel study with
follow up at 12 and 24 months.14 The effects of MC on female STIs were secondary trial
outcomes.

At each study visit, women were interviewed to obtain sociodemographic characteristics,
sexual risk behaviors, and symptoms of genital-tract infections (genital ulcer disease,
vaginal discharge, and dysuria). Women who reported symptoms were referred for
treatment. At each study visit, women were asked to provide a vaginal swab for HPV
detection and instructed to insert a saline moistened 20 cm Dacron or cotton-tipped swab
high in the vaginal vault. A fieldworker collected the swab samples, and stored them in
specimen transport medium (Digene Corporation, Gaithersburg, MD, USA). This approach
to specimen collection was well accepted, with compliance rates over 90%, and studies have
shown that self-collected vaginal swabs are comparable to physician collected cervical
swabs for HPV detection.18 The specimens were maintained at 4–10°C for less than 6 h then
frozen at –80°C.

This analysis is restricted to HIV-negative, HPV-positive female partners who provided
swab samples at enrollment and at 12 and/or 24 months follow-up. Women who were HIV
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positive were excluded from this analysis because HIV infection increases the risk of
persistent HPV.2, 19 HPV negative women were also excluded from this analysis because the
primary outcome was evaluation of HPV DNA load.9

There were 2706 HIV-negative, married men enrolled in the trial (1357 intervention arm and
1349 control arm). There were 1463 female partners of intervention arm men and 1429
female partners of control arm men, and of these women, 648 women in the intervention
arm and 597 women in the control arm enrolled concurrently with their male partner, were
persistently HIV-negative and were evaluated for HPV, as previously described.14 Of these
women, a total of 675 (335 intervention arm and 340 control arm) with at least a baseline
and one follow-up visit who were positive for HR-HPV at least one point in the trial
(enrollment, year one, or year two) were included in this study.

The trials were approved by the Uganda National Council for Science and Technology, and
by three institutional review boards: the Science and Ethics Committee of the Uganda Virus
Research Institute (Entebbe, Uganda), the Committee for Human Research at Johns Hopkins
University, Bloomberg School of Public Health (Baltimore, MD, USA), and the Western
Institutional Review Board (Olympia, WA, USA), as previously described.14 The trials were
overseen by independent Data Safety Monitoring Boards, and were registered with
Clinical.Trials.Gov numbers NCT00425984 and NCT00124878.

HR-HPV Detection and Viral load testing
At each study visit vaginal swabs were tested for HPV and genotyped using HPV Linear
Array (Roche Diagnostics, Indianapolis, IN, USA). The laboratory testing was performed at
Johns Hopkins University. The HPV genotypes that are considered high-risk and primary
carcinogenic types are HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68.3, 20 For
each positive HR-HPV genotype, the band intensity was visually scored as 1-4, with
intensity 4 representing the strongest Linear Array hybridization band strength.

It has been previously demonstrated in both men and women that the linear array
hybridization signal is correlated with HPV viral load.16, 21 A linear array band signal
strength of 4 was approximately equivalent to a viral load of ≥2000 copies/5μl. Band signal
strength of 3 was approximately 200-2000 copies/5μL. Thus, band signals of 3 and 4
represent >200 copies/5μL.16, 21 Therefore, we estimated the proportion of linear array
results with band intensities 3 and 4, relative to lower intensity bands 1-2, among women
with detectable HPV infections. All laboratory technologists and evaluators of band
intensity were blinded to trial arm.

Statistical Analysis
Female enrolment and follow-up characteristics were tabulated among women with
detectable HR-HPV at baseline (n=440) and 12 (n=409) and 24 (n=305) month visits.
Women were stratified by their male partner's study arm, and differences were assessed
using chi-squared tests with two-sided p-values.

The unit of observation was the HR-HPV genotype at baseline and 12 and 24 months
follow-up. An incident HR-HPV infection was defined as a newly detected genotype in a
woman negative for that genotype at the previous study visit. Persistent HR-HPV was
defined as continued infection with same genotype detected at the previous study visit.

Prevalence of either high viral DNA load (band intensities 3-4) or low viral DNA load (band
intensities 1-2) were assessed for each HR-HPV genotype, irrespective of the number of
HR-HPV infections per individual. Prevalence risk ratios (PRRs) and 95% confidence
intervals (CI) were estimated for high relative to low intensity bands in female partners of
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intervention versus control arm men for all HR-HPV genotypes detected at each study visit
using log binomial regression with generalized estimating equation (GEE) robust variance
estimates to account for correlation between HPV genotypes within the same woman and
repeat observations over time. Covariates in adjusted analyses included age and number of
sexual partners during the last 12 months reported by the women.

We examined the association between HR-HPV DNA load and HR-HPV persistence using
discrete time proportional hazards regression models where the outcome was HR-HPV
clearance (i.e., loss of detection) of baseline HR-HPV genotypes at 12 or 24 months follow-
up. The hazards of persistence were estimated from the inverse of the coefficients for
persistence from these models. Age of the woman and MC status of the male partners were
included in multivariate analyses.

Statistical analyses were conducted in STATA Version 11.0 (STATA Corp LP, College
Station, Texas) and R version 2.14.

Results
There were 226 women with male partner in the intervention arm and 214 women with
partners in the control arm who were positive for HR-HPV at enrollment. Baseline
sociodemograhic characteristics, sexual behaviors, and symptoms of sexually transmitted
infections were similar between study arms (Table 1). The female partners of men in the
control arm had a higher number of HR-HPV genotypes compared to female partners of
men in the intervention arm (p=0.05) at enrolment. Among women who were infected with
HR-HPV at year one and two, there were no differences between randomization arms in
sociodemographic characteristics, sexual behaviors, and number of HR-HPV genotypes
(Table 1). Women married to men in the intervention arm had lower rates of self-reported
genital ulcer disease at year two (p=0.03).

At enrolment, the frequency of high intensity linear array bands (signals 3-4) for HRHPV
genotypes was similar in the intervention arm (58.8%) and the control arm (62.1%,
PRR=0.94, 95 %CI 0.83-1.07) (Table 2). By year two, however, the prevalence of high band
intensities was significantly lower in the intervention arm (42.7%) than the control arm
(55.1%) with a multivariate PRR=0.78, 95% CI 0.65-0.94, p=0.02).

The HR-HPV genotypes were classified as either persistent or incident (i.e., newly
acquired). MC had no impact on the prevalence of linear array high band intensity among
persistent infections at either year one (PRR=0.97, 95% CI 0.97-1.13) or year two
(PRR=1.02, 95% CI 0.83-1.24) (Table 2). However, the prevalence of band intensities 3-4
was lower in incident female HR-HPV infections among women married to intervention arm
men at year two (PRR=0.66, 95% 0.50-0.87, p=0.003).

Women with high HR-HPV band intensity3-4 at enrollment were significantly more likely
to remain persistent during follow up (Table 3) for both women married to circumcised men
(adjHR=1.24, 95% CI 0.99-1.55) and uncircumcised men (adjHR=1.25, 95% CI 0.98-1.60)
with an overall adjHR of 1.27 (95% CI 1.07-1.50).

Discussion
This study showed that the prevalence of high intensity linear array band signals for
HRHPV, which can be used as a surrogate for viral load, was significantly lower in HR-
HPV positive female partners of circumcised men at 24 months follow-up (Table 2). The
reduction in HR-HPV viral DNA load in female partners of circumcised men was observed
in incident female infections, but not in persistent female infections (Table 2), possibly
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reflecting a lower infectious dose from circumcised male partners. This is biologically
plausible since MC reduces viral DNA load of newly acquired HR-HPV genotypes in
men.16 In conjunction with prior trial findings that MC reduced female partner HR-HPV
incidence, prevalence and increased clearance,14 and observational studies showing reduced
cervical cancer,15 these findings suggest that MC reduces female partner HR-HPV viral
DNA load which may ultimately decrease cervical cancer.

We also found that women with higher viral DNA load have increased HR-HPV persistence,
which is consistent with previous studies.4, 22 HR-HPV persistence by viral load intensity
was not affected by the male partner's circumcision status in this study. However, MC
decreases overall rates of HR-HPV persistence in female partners14 likely by reducing the
infectious dose (or HR-HPV viral load) transmitted.

Although the mechanism of reduced penile HR-HPV infection by MC is unclear, it is
believed that the keratinized skin surface and scar formation after MC reduces viral access
to the basal epidermal cells which are target cells for HPV infection.23 Furthermore, the
moist subpreputial space between the unretracted foreskin and the glans penis in
uncircumcised men may increase HPV viral persistence. Higher detectable viral load has
been associated with increased HPV genotype concordance between male and female sex
partners.24 Thus, the reduced HR-HPV prevalence and DNA load in female partners of
circumcised men14 is likely due to decreased male HPV acquisition and lower viral load in
the men who do acquire HRHPV.9-10, 16

This study has several limitations. Follow-up data was collected only once a year therefore
an initial HR-HPV infection might have cleared or the subject may have been re-infected
with another genotype during a follow up interval, potentially resulting in over or
underestimation of the frequency of high intensity HPV infections. The 22% reduced
prevalence of HR-HPV viral load among female partners of circumcised men is likely an
underestimate of the protective efficacy of male circumcision since it takes approximately
12-24 months to clear HR-HPV2 and the trial only evaluated the first 24 months after male
circumcision. Thus, the reduced HR-HPV viral load of 34% among incident infections is
more likely accurate among men and women in a community. The impact of male
circumcision on HR-HPV for both men and their female partners is also not known beyond
two years. However, both during the trial and during extended trial follow-up, the protective
effect of male circumcision for HIV acquisition increased over time.7 Thus, male
circumcision may also be more efficacious for HRHPV prevention over extended time. The
interpretation of HPV epidemiology is problematic since newly detected HPV infections
could be a combination of new infections, reactivation of previously undetected dormant
infections or sampling unpredictability.25

The study population consisted of individuals who were HIV negative and all women were
either married or in long term relationships. Therefore the findings may not be generalizable
to unmarried or HIV-infected populations. There were a higher number of women married
to men in the intervention arm at enrollment possibly because women with male partners in
the MC arm were more motivated to participate than women with control arm partners. This
slight imbalance between study arms should not have biased comparisons of HR-HPV viral
DNA load by MC status. There were more HR-HPV infected women married to control arm
men compared to women married to intervention arm men during follow-up because MC
reduced overall HR-HPV infection in the intervention arm men and women.

There is now substantial evidence that MC reduces HIV, herpes simplex virus-2, genital
ulcer disease, and HR-HPV in men and HR-HPV infection and genital ulcer disease in their
female partners.7, 9-10, 17 This study showed that MC moderately reduces HR-HPV viral
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load in infected female partners, providing further evidence for the potential public health
benefit of MC. Reducing viral load is likely to reduce transmission of HR-HPV and possibly
may avert cervical neoplasia in women and penile cancer in men.
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Novelty and Impact

Male circumcision has been shown to decrease both HR-HPV prevalence and incidence
in men and reduce HR-HPV infection and cervical cancer in their female partners.
However, the mechanisms are not known. We evaluated women married to men in a
male circumcision trial, and demonstrate that male circumcision reduces HR-HPV viral
load among incident infection in female partners which may play a role in the
pathophysiology of reduced cervical cancer.
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