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Abstract

Objectives: Voluntary medical male circumcision (VMMC) is an important component of combination
HIV prevention. Inclusion of traditionally circumcised HIV negative men in VMMC uptake campaigns
may be important if traditional male circumcision is less protective against HIV acquisition than
VMMC.

Methods: We used data from the HPTN 071 (PopART) study. This cluster-randomized trial assessed
the impact of a combination prevention package on population-level HIV incidence in 21 study
communities in Zambia and South Africa.We evaluated uptake of VMMC, using a two-stage analysis
approach and used discrete-time survival analysis to evaluate the association between the types of male
circumcision and HIV incidence.

Results: 10,803 HIV-negative men with self-reported circumcision status were included in this study.
At baseline, 56% reported being uncircumcised, 26% traditionally circumcised and 18% were medically
circumcised. During the POpART intervention, 11% of uncircumcised men reported uptake of medical
male circumcision. We found no significant difference in the uptake of VMMC in communities
receiving the POpART intervention package and standard of care (adjtate ratio=1-10 (95% CI 0-82,
1-50, P=0-48)). The rate of HIV acquisition for medically circumcised men-was 70% lower than for
those who were uncircumcised adjHR=0-30 (95% CI 0-16t0.0-55; p<0:0001). There was no difference
in rate of HIV acquisition for traditionally circumcised men compared to those uncircumcised adjHR=
0-84 (95% CI 0-54, 1-31; P=0-45).

Conclusions: Household-based delivery of HIV testing followed by referral for medical male
circumcision did not result in substantial’' VMMC uptake. Traditional circumcision is not associated
with lower risk of HIV acquisition.
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Introduction

Male circumcision is'practiced in many parts of the world for social, cultural, and medical reasons[1].
There is substantial evidence that Medical male circumcision (MMC) is protective against HIV
infection- Randomized controlled trials have shown that MMC reduces the risk of HIV acquisition by
approximately 60% amongst heterosexual men[2—4]. As result, in 2007 the World Health Organization
(WHO) and the Joint United Nations Programme on HIV/AIDS (UNAIDS) recommend voluntary
MMC (VMMC) as a key component of combination HIV prevention in countries with generalized
epidemics and low prevalence of male circumcision[5]. Fifteen counties, including South Africa and
Zambia, have been identified as priority countries with a target to expand medical male circumcision
coverage among eligible population to 80%.[6]

VMMC scale-up has been challenging- Despite a decade of effort to increase uptake of VMMC in men,
through multiple different implementation strategies, such as pop-up surgery campaigns[7], deployment
of non-surgical devices[8], and infant circumcision[9],most priority countries are still working towards
achieving the 80% target. Nevertheless, VMMC remains an important component of combination
prevention strategies that implement multiple known effective interventions to reduce the risk of HIV



infection. In the HPTN 071 (PopART) combination prevention intervention, a comprehensive HIV
prevention package was delivered house-to-house including HIV testing, referral to HIV prevention and
treatment services, and referral for VMMC for men testing HIV-negative.

VMMC coverage remains far below the WHO/UNAIDS 80% target in both Zambia and South
Africa[10]. Nevertheless, traditional circumcision (TMC) is widely practiced in some communities in
Zambia and South Africa [11,12]. These forms of male circumcision are predominantly a cultural
practice, particularly as a rite of passage to adulthood in many Southern African communities[12]. TMC
is usually performed in a non-clinical setting by a traditional practitioner without formal medical
training [13,14]. Although previous studies have shown that TMC, as practiced in many regions, can
be protective [15,16] compared to no circumcision, there is a substantial variation across cultures in the
tools used and the proportion of foreskin removed. The biological mechanism of protection for male
circumcision is thought to be the reduction of HIV target cells including Langerhans’ cells in the
foreskin, although other factors may also play a part[17]. However, unlike VMMC, part or all of the
foreskin may be left intact during TMC, depending on how the TMC is performed[1]. It is therefore an
open question as to whether TMC is as effective as VMMC for reducing the risk of HIV acquisition, or
whether VMMC should be encouraged irrespective of TMC.

In this study we investigated two questions about male circumcision and HIV, using data from men
followed in a large-scale cluster-randomized trial (HPTN.O71/PopART)conducted in 21 communities
in Zambia and South Africa. First, we evaluated the impact of the combination prevention package,
which included referrals for VMMC, on the uptake of VMMC in HIV-negative men. Second, we
examined associations between TMC, VMMC, and. no circumcision and risk of HIV infection in men.

Method

Study design: We used data from the HPTN 071 study of the Population Effects of Antiretroviral
therapy to Reduce HIV Transmission (PopART) intervention. This cluster-randomized trial assessed
the impact of a combination prevention-package on population-level HIV incidence in Zambia and
South Africa. A total of 21 urban study communities (12 in Zambia and 9 in South Africa) were matched
into 7 matched triplets (4 triplets in Zambia and 3 in South Africa) based on geographic location and
HIV prevalence. In each.triplet, one community was randomly selected to receive the full POpART
intervention (Arm A), a;second community received the full intervention except that ART was offered
according to current local guidelines (Arm B) and the third continued with the current standard of care
(Arm C). The intervention in Arms A and B included at least annual house-to-house visits by HIV
community care providers, with an offer of in-home HIV testing, referrals, and follow-up for local
provision of VMMC, STI treatment, and support for linkage to ART at the local clinic. Condoms were
also distributed. To measure the impact of the intervention, a research cohort called the Population
Cohort, consisting of adults aged 18-44 years, were recruited from randomly selected household in the
population in each of the 21 communities (an overall total of 48,302 across all communities) and was
followed up once a year for three years to measure HIV incidence and other outcomes. At each follow-
up visit, demographics, socioeconomic, and behavioral data as well as data related to HIV prevention,
diagnosis, and treatment were collected. Questions for men included self-report of whether they were
circumcised (Yes/No/Don’t know/Prefer not to answer) and who carried out the circumcision (medical
worker/traditional practitioner). No clinical examination occurred. Blood was collected from
participants for laboratory-based HIV testing at each visit; testing was performed in central laboratories



in South Africa and Zambia and additional testing to confirm seroconversions occurred at the HPTN
Laboratory Center (Baltimore).

Ethical considerations: Review of the trial protocol was carried out by the ethics committees of the
University of Zambia, Stellenbosch University, and London School of Hygiene and Tropical Medicine.
All participants provided written informed consent.

Study population: For the analysis of the association between circumcision and HIV incidence, we
included male participants who were HIV-negative at enrollment with at least one reported circumcision
status in follow-up visits. To evaluate the impact of the intervention on uptake of medical male
circumcision, we restricted the population to those who were HIV negative and self-reporting
uncircumcised baseline. In a sensitivity analysis, we assessed the intervention impact among those
uncircumcised or traditionally circumcised at baseline.

Statistical Methods: Male circumcision was defined as uncircumcised, medical (VMMC, by a medical
worker at a government clinic, NGO, or doctor’s office), or traditional (TMC, by a traditional
practitioner). Missing circumcision status was selectively imputed as follows: if a‘participant reported
VMMC at a visit, VMMC was imputed if missing at subsequent visits; if a participant reported not
circumcised at a visit, not circumcised was imputed if missing for earlier visits. We excluded men with
discordant circumcision status (e.g. report uncircumcisedstatus after prior report of VMMC or TMC,
or report TMC status after prior VMMC report) from the analysis. As a sensitivity analysis, for
participants with discordant circumcision report, we'included their data up to the visit where discordant
circumcision status was reported.

To evaluate the effect of the community level POpART intervention on uptake of voluntary medical
male circumcision, we used a two-stage analysis approach, recommended for cluster-randomized trials
with fewer than 15 clusters per group[18]. Intervention effects are estimated within matched triplets,
which were matched for urban/rural in addition to HIV epidemic characteristics (HIV prevalence, ART
uptake). As the implementation of referrals for VMMC was the same in Arms A and B, intervention
effects were averaged across both intervention arms. In the first stage, Poisson regression was used to
predict the rate of medical male circumcision, adjusted for age and baseline prevalence of medical male
circumcision, from which adjusted rate ratios of observed versus predicted were calculated for each
community. In the second stage, two-way ANOVA of the log adjusted rate ratios by triplet and arm
estimated the intervention effect; confidence intervals were computed using the MSE from the two-way
ANOVA to compare arms A and B combined against arm C. Analyses were conducted using R software
4.0 and Stata version 15 (Stata Corp, College Station, TX).

Discrete-time survival analysis was used to evaluate the association between circumcision status
reported at the previous visit and HIV incidence in the following year. For seroconverters, HIV infection
was assumed to occur at the midpoint between the last HIV-negative sample and the first HIV-positive
sample, or at a visit in which acute infection was identified. We adjusted for age at the previous visit as
a fixed effect and community as a random effect.

Results

Approximately 14,000 men were enrolled in the population cohort of HPTN 071 (PopART). After
excluding those who were HIV positive or unknown HIV status at enrollment (N=2062), missing
circumcision status at every study visit (N=202), and those with discordant circumcision reports



(N=955), 10,803 HIV-negative men with self-reported circumcision status were included in this study.
Discordant report of circumcision status was equally distributed among treatment arms. Before
imputation, 30% of visits were missing circumcision status and after imputation, circumcision status
was missing from 14% of visits. A similar number of men were recruited in each study arm, with
approximately 55% from 12 communities in Zambia, and 45% from 9 communities in South Africa;
51% were below the age of 25 (Table 1).

At baseline, 56% were uncircumcised, 26% were traditionally circumcised and 18% were medically
circumcised. The prevalence of TMC and VMMC was different between South Africa and Zambia;
83% of men who reported being medically circumcised were from Zambia, 90% of men who reported
traditional circumcision were from South Africa. These disparities also existed across communities:
prevalence of traditional male circumcision was higher than 50% in six out of the nine communities in
South Africa (these 6 communities comprised two matched triplets and the vast majority of residents
were from the same ethnic group). In Zambia, the prevalence of traditional male circumcision ranged
from 3% to 13%. The prevalence of medical male circumcision at baseline in .communities in South
Africa ranged from 4% to 23% while in Zambia the prevalence of medical male circumcision ranged
from 15% to 42% [supplemental Figure 1, http://links.lww.com/QAD/C772].

Effect of the intervention on medical male circumcision uptake

Among 5,974 HIV negative men who were uncircumcised at baseline, 676 (11%) reported uptake of
medical male circumcision during follow-up (61%.in Zambia vs 39% in South Africa), with similar
uptake in PopART communities compared to the standard of care (Table 2): the adjusted rate ratio in
PopART communities compared to standard-of care was 1-:10 (95% CI 0-82, 1-50, P=0-48), indicating
a non-significant 10% higher uptake of VMMC in communities randomized to the POpART
intervention. VMMC uptake was higher in POpART than the standard of care communities in four
triplets (Figure 1). Similar results were seen when'including traditionally circumcised men: among
8687 men, 854 (9-8%) reported uptake of VMMC, and the adjusted rate ratio was 0-92 (95% CI 0-71-
1-18). The results of the sensitivity analysis‘also indicate similar uptake of VMMC among PopART
communities compared to'the standard of care [Supplemental Table 1,

http://links.lww.com/QAD/C772]
Effect of male circumcision on HIV incidence:

During the three-year follow-up period, 142 seroconversions were observed in men. The HIV incidence
among those who were medically circumcised was 0-31 per 100 person-years (PY), among those
traditionally circumcised was 0-94/100 PY and among uncircumcised was 0-97/100 PY (Table 3). The
rate of HIV for medically circumcised men was 70% lower than for those who were uncircumcised
adjHR=0-30 (95% confidence interval [CI], 0-16 to 0-55; p<0-0001). There was no difference in rate of
HIV for traditionally circumcised compared to those uncircumcised adjHR= 0-84 (95% CI 0-54, 1-31;
P=0-45).

Discussion:

In this large-scale population-based study in Zambia and South Africa, we found that traditional
circumcision was not associated with a protective effect for HIV acquisition, with very similar rates of
infection occurring in traditionally circumcised and uncircumcised men. Medical male circumcision
was associated with a 70% reduction in risk of new HIV infection, consistent with the 60% reduction
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observed in the RCTs demonstrating the strong protective effect of VMMC[2-4]. The communities
randomized to the POpART combination prevention intervention did not have a significant increase in
uptake of VMMC compared to the standard of care communities.

Our findings complement and strengthen the evidence from previous studies in South Africa[19] and
Lesotho[20], where analysis of cross-sectional data found no association between HIV status and
whether the participant had been traditionally circumcised or was uncircumcised. However, our results
differ from studies in Eastern Africa, which found TMC to be associated with lower risk of HIV
compared to no circumcision[15,21], possibly emphasizing the need to take into account the type of
traditional circumcision carried out. Unlike VMMC, the amount of foreskin removed during a
traditional male circumcision can vary between cultures, some may remove it entirely while others
remove a small amount of foreskin or leave it intact[22,23]. Additionally, previous studies conducted
in Southern African countries have found that for those who self-reported being circumcised by
traditional practitioners in those countries, only a small percentage had sufficient removal of the
foreskin for HIV prevention[23]. The lack of protective effect of TMC against HIV acquisition among
communities in Zambia and South Africa could be due to the variation in the amount of foreskin
removed during circumcision.

Medical male circumcision is known to substantially reduce the risk of HIV acquisition in men and
could contribute to epidemic control in high HIV burden southern African countries. However,
achieving high uptake has been challenging, despite substantial implementation efforts [24]. Uptake of
medical male circumcision was modest in our study, with 11% of uncircumcised men and 6% of
traditionally circumcised men reporting medical circumeision by the end of the 3 years follow-up time;
the POpART house-to-house intervention did not have a significant impact on uptake. Imperfect
implementation of the VMMC referralas well as prioritization of other elements of the HIV
combination prevention package might have contributed to low VMMC uptake in our study. In addition,
the low uptake of VMMC could potentially be explained by relatively high background traditional
circumcision rates in some communities. Previous studies have shown that going against cultural beliefs
and associated anticipated stigma can.deter men living in communities with a high rate of traditional
male circumcision from opting for VMMCJ25]. Additionally, in many settings VMMC is regarded as
less culturally acceptable or prestigious than TMC[25,26]. To improve community support for
VMMC, intervention efforts should engage religious and tribal leaders[27]. Engagement needs to
respect cultural traditions [28]; and messaging needs to be tailored to specific communities, and not
only focused on HIV prevention[27]. VMMOC is a cost-effective [29,30] and a onetime intervention that
offers HIV protection and VMMC scale-up should a high priority.

This work highlights the need to differentiate between VMMC and TMC, and to understand the clinical,
and protective outcomes of different types of traditional circumcision. Current DHS surveys include a
single question: “Are you circumcised?” with possible responses “yes”, “no” and “don’t know”[31].
Prevalence measures of circumcision are usually derived from DHS data, and these may be
misinterpreted as ‘protected’ in the context of HIV. These data form the basis for inputs into
mathematical modeling such as the EPP/SPECTRUM model[30],which are in turn used to guide
national and global HIV intervention efforts. In addition, countries with high levels of TMC that may
not be effective in decreasing HIV acquisition risk may need to be added to the countries prioritized by
UNAIDS and WHO for VMMC scale-up. In future studies examining circumcision, a clinical
examination should ideally be carried out, but even a small amendment to existing questions to
differentiate “full” and “partial” circumcision, possibly using pictures to help guide respondents, may
be informative regarding the extent to which they are protected against HIV[12].



Limitations:

We acknowledge that our study has several limitations. Data on circumcision status were self-reported,
and a previous study showed that men may report being circumcised with no clinical evidence[22].
Circumcision is a sensitive topic for disclosure, and we cannot rule out the potential effect of social
desirability bias, although it is not clear whether men would be more inclined to report one status over
another. This is especially true for the South African data where traditionally talking about circumcision
with a woman is highly taboo; many of study field staff were women. We excluded about 8% of eligible
participants from this analysis for discordant reporting of circumcision. Additionally, 14% of visits
included in the analysis had missing circumcision status as a result of missing self-report. Thus, we
cannot rule out the potential for selection bias. We adjusted for the community to control for differences
in male circumcision types across communities. However, it is possible that the adjustment might not
be complete and there might be residual confounding that could have weakened the association reported
for TMC. Despite these limitations, this represents a large study involving men in the general population
aged 18-44 in sub-Saharan Africa incorporating information on circumcision, differentiating between
traditional and medical, with direct measurement of HIV incidence.

Conclusions

Evidence from this large community-based study showed that traditional male circumcision as practiced
in Southern Africa is not protective against HIV acquisition. These findings have implications for the
importance of better characterization of male circumcision ‘in questionnaires and /or clinical
assessments, and future determining targets for'MMMC programs, and for education and advocacy
programs, to ensure correct messaging. Household-based delivery of HIV testing followed by referral
for medical male circumcision did not result in substantial MMC uptake; implementation of male
circumcision remains a challenging but an importantprevention goal.
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Figure 1: Observed relative change in VMMC among uncircumcised men at baseline as a result
of the POpART intervention within each triplet. Ratio residuals (ratio of observed to expected
medical male circumcision) are adjusted for age and baseline medical male circumcision
prevalence. Two PopART intervention communities are shown compared with the single
standard of care (SOC) community in each triplet. A ratio residual of 1-0 corresponds to no
increase relative to the community means.
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Table 1. Demographic characteristics of HIV-negative men at enrollment.
Characteristics Overall Not circumcised | Medical Traditional
(N=10,803) (N=5,974) (N=1,889) (N=2,713)
Randomization Arm
POpART: Arm A 3606 (33%) 1915 (32%) 630 (33%) 974 (36%)
PopART: Arm B 3472 (32%) 1897 (32%) 585 (31%) 921 (34%)
POpART: Arm C 3725 (35%) | 2162 (36%) 674 (36%) 818 (30%)
Country
Zambia 5914 (55%) | 3981 (67%) 1575 (83%) 267 (10%)
South Africa 4889 (45%) 1993 (33%) 314 (17%) 2446 (90%)
Age (years)
25+ 5278 (49%) | 2811 (47%) 653 (35%) 1687 (62%)




18-24 5525 (51%) | 3163 (53%) 1236 (65%) 1026 (38%)
Marital Status
Married or living as married | 2495 (23%) 1593 (27%) 366 (19%) 495 (18%)
Never married 7755 (72%) | 4053 (68%) 1445 (76%) | 2128 (78%)
Divorced, separated or 466 (4%) 302 (5%) 75 (4%) 84 (3%)
Widowed
Number of sexual partners
(past 12 months)
0-1 8839 (82%) | 5068 (85%) 1552 (82%) | 2082 (77%)
2+ 1347 (13%) | 608 (10%) 270 (14%) 453 (17%)
Condom use during last sex
event (past 12 months)
Yes 3356 (31%) | 2009 (34%) 590 (31%) 709 (26%)
No 6920 (64%) | 3672 (62%) 1237 (66%) 1900 (70%)

Table 2: The effect of POpART intervention on medical male circumcision among HIV-negative men

who were not medically circumcised at enrollment.

Arm VMMC uptake Unadjusted Adjusted rate P
rate ratio (95% ratio (95% value
Cl) CI)?
Among uncircumcised men (n = 5974)
POpART communities 418/3812 (10-5%) 1-08 (0-97-1-29) 1-10 (0-82- 0-48
1:50)
Standard of care 258/2162 (11:9%) Ref. Ref.
communities
Among uncircumcised and traditionally circumcised men (n = 8687)
POopART 527/5707 (9-2%) 0-89 (0-75-1-06) 0-92 (0-71- 0-46
1-18)
Standard of care 327/2980 (11-:0%) Ref. Ref.
!Adjusted for age, baseline VMMC prevalence and triplet
Table 3: Male circumcision status and HIV incidence during HPTN 071 follow-up.
Circumcision Incidence HIV infections (rate | Adjusted hazard P value
status per 100 person-yr) ratios* (95% ClI)
Medical 11/3458 (0-31) 0-30 (0-16, 0-55) <0-0001
Traditional 39/4166 (0-94) 0-84 (0-54, 1-31) 0-45
Uncircumcised 92/9402 (0-97) Ref. Ref.

!Adjusted for community and age.






