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Background. The efficacy of voluntary male medical circumcision (VMMC) for human immunodeficiency virus (HIV) pre-
vention in men was demonstrated in 3 randomized trials. This led to the adoption of VMMC as an integral component of the
United States President’s Emergency Plan for AIDS Relief (PEPFAR) combination HIV prevention program in sub-Saharan Africa.
However, evidence on the individual-level effectiveness of VMMC programs in real-world, programmatic settings is limited.

Methods. A cohort of initially uncircumcised, non-Muslim, HIV-uninfected men in the Rakai Community Cohort Study in
Uganda was followed between 2009 and 2016 during VMMC scale-up. Self-reported VMMC status was collected and HIV tests per-
formed at surveys conducted every 18 months. Multivariable Poisson regression was used to estimate the incidence rate ratio (IRR)
of HIV acquisition in newly circumcised vs uncircumcised men.

Results. A total of 3916 non-Muslim men were followed for 17 088 person-years (PY). There were 1338 newly reported VMMCs
(9.8/100 PY). Over the study period, the median age of men adopting VMMC declined from 28 years (interquartile range [IQR],
21-35 years) to 22 years (IQR, 18-29 years) (P for trend <.001). HIV incidence was 0.40/100 PY (20/4992.8 PY) among newly circumcised
men and 0.98/100 PY (118/12 095.1 PY) among uncircumcised men with an adjusted IRR of 0.47 (95% confidence interval, .28-.78). The

effectiveness of VMMC was sustained with increasing time from surgery and was similar across age groups and calendar time.
Conclusions. VMMC programs are highly effective in preventing HIV acquisition in men. The observed effectiveness is consistent with
efficacy in clinical trials and supports current recommendations that VMMC is a key component of programs to reduce HIV incidence.
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Randomized clinical trials in sub-Saharan Africa demon-
strated that voluntary medical male circumcision (VMMC) re-
duces male human immunodeficiency virus (HIV) incidence
by 50%-60% [1-3]. Based on these trials, the Joint United
Nations Programme on HIV/AIDS (UNAIDS) and the World
Health Organization (WHO) in 2007 recommended inclusion
of VMMC in combination HIV prevention programs for coun-
tries with high prevalence of HIV and low prevalence of cir-
cumcision [4]. With support from the United States President’s
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Emergency Plan for AIDS Relief (PEPFAR), VMMC programs
have been implemented in 15 priority sub-Saharan African
countries [5]. As of 2018, >22 million VMMCs have been per-
formed [6]. With this scale-up of VMMC, coupled with broad
roll-out of antiretroviral therapy (ART), there have been sub-
stantial declines in HIV incidence continent-wide [7].
However, few population-based studies have assessed the
individual-level effectiveness of VMMC for HIV prevention.
Prior studies conducted in Uganda [8, 9], South Africa [10-12],
and Kenya [13] reported significantly lower HIV incidence among
circumcised compared with uncircumcised men. However, these
studies generally did not exclude men who were circumcised
for religious or cultural reasons and did not assess whether the
protective effects of VMMC performed through programs di-
minished with increasing time from surgery. Understanding the
longitudinal impact of VMMC programs is vital for developing
evidence-based policies for reducing HIV incidence.
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Our primary objective was to assess the impact of a PEPFAR-
supported VMMC program on the risk of male HIV acquisition
over time. Our study included initially HIV-negative, uncircum-
cised, non-Muslim men participating in the Rakai Community
Cohort Study (RCCS), a longitudinal population-based study of
HIV incidence in south-central Uganda, which has the highest
HIV prevalence nationally [5]. Muslim men in the region, who
comprise approximately 15% of the male population, are tradi-
tionally circumcised in infancy. Circumcision among non-Muslim
men was historically rare but has become increasingly widespread
following the implementation of free VMMC programs in 2008
[8]. As of 2017, approximately 60% of male RCCS participants were
circumcised [14]. With scale-up of VMMC and ART in Uganda,
HIV incidence among men in the RCCS has declined by 54% [8].

Here, we characterized trends in VMMC uptake in the RCCS
and the risk of male HIV acquisition among newly circumcised
non-Muslim men compared with uncircumcised non-Muslim
men. We further assessed whether risk of HIV acquisition
changed with estimated time from surgery. We hypothesized
that VMMC through PEPFAR-supported programs would pro-
vide long-term protective effects against male HIV acquisition.

METHODS

Study Population
The RCCS is an ongoing open, population-based cohort study of
persons aged 15-49 years in Rakai District and surrounding areas
of south-central Uganda. The RCCS methodologies have been
previously described [15]. In brief, population-based surveys are
conducted approximately every 18 months. A household-based
census precedes each survey to identify all eligible individuals
aged 15-49 years and resident in the community regardless of
whether they are present during the census. Participants are
assigned unique identifiers to allow follow-up across survey
rounds. At each survey, structured questionnaires are adminis-
tered by same-sex interviewers to ascertain sociodemographic
characteristics, health status, sexual risk behaviors, and service
utilization, including circumcision. Written informed consent
is obtained at enrollment and at each subsequent visit. The
RCCS study was reviewed and approved by institutional review
boards (IRBs) in Uganda (Research and Ethics Committee of
the Uganda Virus Research Institute and the Uganda National
Council for Science and Technology) and the Western IRB
(Olympia, Washington) in the United States. The study was fur-
ther reviewed in accordance with the United States Centers for
Disease Control and Prevention (CDC) human research protec-
tion procedures and was determined to be research. However,
CDC investigators did not interact with human subjects or have
access to identifiable data or specimens for research purposes.
This analysis included 30 agrarian and semiurban trading
communities continuously surveyed during 5 survey rounds
between 2008 and 2016 (denoted as RCCS study visits 13-17).

The analysis was restricted to non-Muslim men who were HIV
uninfected and uncircumcised at entry into this study period
(Figure 1).

HIV Testing and Ascertainment of Incident HIV Infection

Free HIV testing and counseling services are offered at each
RCCS survey round. Between 2008 and 2011, 2 enzyme im-
munoassays (EIAs) were used for HIV screening with con-
firmatory testing by Western blot. Subsequently, a 3-rapid-test
algorithm was used for initial screening, with confirmation by
2 EIAs, with Western blot or polymerase chain reaction assays
as needed [8]. Our primary study outcome was an incident HIV
infection, defined as cases in which a man was determined to
be HIV seropositive for the first time after an HIV-seronegative
result at the prior visit, allowing for up to 1 missed study visit
between consecutive tests.

Assessment of Circumcision Status

VMMC services were initially provided to the participants
assigned to the control group of the Rakai male VMMC trial
after trial closure [16]. Subsequently, with PEPFAR support,
the Rakai Health Sciences Program provided free VMMC serv-
ices to consenting males aged 13 years and older. VMMC using
the dorsal slit procedure is performed under local anesthesia
by trained clinicians in mobile camps and at health facilities.
VMMC status among male RCCS participants was assessed
using self-report. Incident VMMCs were defined as those
occurring among men who reported being uncircumcised at
the prior study visit.

Information on the exact date of surgery for newly circum-
cised RCCS participants was unavailable from the RCCS inter-
view. In our primary analysis examining effectiveness of VMMC
for HIV prevention, VMMC was assumed to have occurred at
the start of the person-interval, ¢, preceding the first self-report
of VMMC, ¢,. A participant who first reported being circum-
cised at ¢, was therefore assumed to have been circumcised for
the entirety of the person-interval (ie, the time period spanning
t, to t). We performed 2 sensitivity analyses to assess the im-
pact of this assignment of VMMC timing: (1) We designated
the end of the person-period, ¢, as the time of VMMC; and
(2) we separately analyzed the risk of HIV acquisition during
the intervals in which VMMC occurred. In this latter sensitivity
analysis, VMMC status was classified as either uncircumcised
(uncircumcised at t,), newly circumcised since the last survey
(uncircumcised at ¢, and circumcised at t,), or previously cir-
cumcised (circumcised at £).

After the first report of VMMC, participants were assumed
to be circumcised, even if they subsequently reported being un-
circumcised. Sensitivity analyses were performed in which indi-
viduals who reported being uncircumcised after a prior report
of VMMC were excluded (n =68 [1.7% of the population of
initially uncircumcised non-Muslim men]). Study visits where
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9545 HIV-negative male participants in
the Rakai Community Cohort Study
(visits 13 - 17)

v

y

4268 participants excluded
4 participants missing circumcision data
3640 participants circumcised at study entry
624 participants entering at visit 17

5277 participants uncircumcised at
study entry

v

76 participants excluded
27 participants missing religion data
49 Muslim men

5201 non-Muslim participants

1285 participants without follow-up

3916 participants in the analytic cohort

Figure 1. The analytical cohort.

VMMC status was missing and could not be inferred were ex-
cluded from the analysis (n = 2 person-visits [0.02% of total]).

Statistical Analysis

Baseline sociodemographic characteristics and sexual behav-
iors were compared between men who adopted VMMC during
follow-up and those who did not. Baseline differences were
assessed with ” tests for categorical variables and Wilcoxon
rank-sum tests for continuous variables. Temporal trends in the
incidence of VMMC were evaluated with Poisson regression
models. The unit of analysis was person-years (PY) of follow-up.
For this analysis only, VMMC was assumed to have occurred at
the midpoint of the person-interval during which it was first
reported. To assess trends among those adopting VMMC, we
examined the sociodemographic characteristics and sexual be-
haviors of newly circumcised men at each study visit compared
to the rest of the male study population. Binomial 95% confi-
dence intervals (CIs) for the prevalence of each characteristic
were calculated using the Clopper-Pearson method [17]. Age-
adjusted differences over time and between groups defined by
VMMC status were assessed with logistic regression.

To evaluate the impact of VMMC status on HIV incidence,
we employed adjusted and unadjusted Poisson regression
models with generalized estimating equations under an ex-
changeable correlation structure with robust standard errors.
The unit of analysis was PY of follow-up. The timing of incident
HIV infection was defined as the midpoint between the last

HIV negative test and the first positive result. Person-intervals
spanning >2 missed visits were censored from the analysis due
to imprecision in measurement of time-varying covariates and
the timing of HIV acquisition. Multivariable Poisson regression
models were adjusted for study visit, age, marital status, and ed-
ucational attainment. We further adjusted for high-risk sexual
behaviors in the prior year in a separate model as these behav-
iors may be either mediators or confounders. In these models,
we adjusted for self-reported sexual relationships with partners
residing in and outside of the community of residence, multiple
sex partners, genital ulcer disease, and consistent condom use
with casual partners.

To assess the longitudinal risk of HIV acquisition with
increasing time from the VMMC surgery, study intervals were
classified by the time from the estimated date of VMMC. Time
from surgery was defined as the midpoint of each person-
interval minus the estimated date of surgery. Analyses were
performed using Stata version 14 software (StataCorp, College
Station, Texas).

RESULTS

Study Population

The analytical cohort consisted of 3916 men who were followed
for a total of 17 088 PY (12 095.1 uncircumcised PY, 4992.8 cir-
cumcised PY) over 9469 person-intervals (Figure 1). Of these
participants, 34% (n = 1338) were circumcised during follow-up,
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with an overall incidence of VMMC of 9.80/100 PY (95% CI,
9.26-10.37). The incidence rate of VMMC increased monoton-
ically over the study period from 7.0/100 PY to 11.6/100 PY by
2016 (Supplementary Table 1). The sociodemographic charac-
teristics and sexual behaviors of the population at study entry
are presented in Table 1. Men adopting VMMC during fol-
low-up were, at baseline, significantly younger than those who
remained uncircumcised throughout follow-up, more likely to
be unmarried, not to have initiated sex, to use condoms with
casual sexual partners, and be free of genital ulcer disease.

Characteristics of Newly Circumcised Men

Figure 2 shows longitudinal trends in age, marital status, ed-
ucation level, and sexual behaviors among men first adopting
VMMC. The age of men first reporting VMMC decreased con-
sistently over time (P for trend < .001). Newly circumcised men

Table 1. Demographic Characteristics and Sexual Behaviors of the
Population at Study Entry

Circumcised
After Study Entry P
(n =1338)° Value

Uncircumcised
Throughout Fol-

Characteristic low-up (n = 2578)

Age, y
Median (IQR) 27 (19-35) 23 (18-31)  <.001
15-19 676 (26) 472 (35) <.001
20-24 433 (17) 264 (20)
25-29 415 (16) 225 (17)
30-34 368 (14) 159 (12)
35-39 294 (11) 127 (9)
>40 392 (15) 91 (7)

Educational attainment
None 68 (3) 23 (2) .20
Primary 1653 (64) 848 (63)
Secondary 670 (26) 374 (28)
University or technical 187 (7) 93 (7)

Marital status
Never married 1117 (43) 710 (53) <.001
Currently married 1267 (49) 565 (42)
Previously married 194 (8) 63 (5)

Religion
Catholic 1966 (76) 1018 (76) .80
Protestant 483 (19) 261 (20)
Saved/born again or Pen- 112 (4) 52 (4)
tecostal
None or other 17 (1) 7 (1)

Sexual behaviors
Initiated sex 2192 (85) 1074 (80) <.001
>1 partner in prior year 767 (30) 380 (29) 40
Partners from outside the 696 (27) 333 (25) 19
community in past year
Consistent condom use® 369 (43) 223 (52) .002
Genital ulcer disease in 234 (9) 91 (7) .014

past year

Data are presented as no. (%) unless otherwise indicated.
Abbreviation: 1QR, interquartile range.

?Includes 33 men circumcised during a gap in follow-up.

®Among those reporting casual sexual partnerships in the past year.

were significantly younger than uncircumcised men at all visits
except the first study visit. After age adjustment, the propor-
tion of newly circumcised men in marital relationships declined
over time (P for trend < .001; Figure 2B). After age adjustment,
there were no significant temporal trends in the prevalence of
sexual behaviors or postprimary education among newly cir-
cumcised men (Figure 2C-H).

Circumcision and HIV Incidence

Over the analysis period, there were 138 incident HIV in-
fections detected. HIV incidence was 0.40/100 PY among
circumcised men (20/4992.8 PY), and 0.98/100 PY) among un-
circumcised men (118/12 095.1 PY). After adjusting for age, ed-
ucation, and marital status, VMMC was associated with a 51%
lower risk of incident HIV infection in men (adjusted incidence
rate ratio [IRR], 0.49 [95% CI, .30-.81]). Further adjustment for
sexual behaviors did not markedly affect risk estimates (IRR,
0.47 [95% CI, .28-.78]). Despite limited statistical power, we
observed similar effectiveness of VMMC in preventing HIV ac-
quisition across age groups and strata of calendar time (Table 2).
Sensitivity analyses (1) excluding men who had not initi-
ated sex; (2) excluding those with contradictory self-reported
VMMC status (ie, men who reported being circumcised and
subsequently reported being uncircumcised); and (3) assuming
that VMMC occurred at the end of the person-interval during
which it was first reported all had no impact on risk estimates
and the protective effect of circumcision (Supplementary Tables
2-4).

Of note, HIV incidence declined over the study period both
in circumcised men (0.86 infections/100 PY for study visits
13-14 vs 0.30 infections/100 PY for study visits 15-17; a 65%
decline), and in men who remained uncircumcised (1.33 infec-
tions/100 PY for study visits 13-14 vs 0.74 infections/100 PY for
study visits 15-17; a 44% decline).

Risk of HIV Acquisition With Estimated Time From Surgery

Among circumcised men, 60% of HIV infections (12/20) were
detected at the same visit at which VMMC was first reported.
Figure 3 presents the effectiveness of VMMC for HIV preven-
tion by the estimated time since surgery. HIV incidence was
0.75/100 PY (95% CI, .41-1.36) during the year immediately
following VMMC. This was nonsignificantly lower than the
HIV incidence among uncircumcised men (adjusted IRR, 0.69
[95% CI, .35-1.39]). HIV incidence declined substantially to
0.31/100 PY (95% ClI, .09-.95) 1-2 years following VMMC and
remained low with increasing years from surgery.

DISCUSSION

In this population-based study in Uganda, we found wide-
spread adoption of VMMC with 34% of eligible non-Muslim
men newly circumcised between 2008 and 2016. We estimate
the effectiveness of VMMC for prevention of HIV acquisition
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Figure 2. Demographic characteristics and sexual behaviors of newly circumcised men compared to uncircumcised men. A, Error bars denote interquartile range of parti-
cipants’ age. B—H, Error bars denote 95% confidence interval for attribute prevalence. *Significant age-adjusted difference in prevalence between groups at the given study

visit (P< .05).

among newly circumcised men to be 53%, similar both to the
efficacy observed in clinical trials of VMMC [1-3] and the
effectiveness reported in observational studies of prevalent
VMMC in sub-Saharan Africa [9, 11, 13]. We also found that
men adopting VMMC were younger and more likely to be
unmarried, as observed in other PEPFAR-supported VMMC
programs in sub-Saharan Africa, and that these differences
have become more accentuated over time [10, 11, 13, 18, 19].
Notably, we found that the protective effects of VMMC appear
to be sustained for >5 years postsurgery. We found no signif-
icant differences in the protective effects of VMMC over cal-
endar time, with a trend toward increased effectiveness in more
recent years. These findings strongly support the continued in-
clusion of VMMC in combination HIV prevention strategies.
With the leadership and support of national ministries of
health and PEPFAR, VMMC programs have been implemented
and expanded throughout sub-Saharan Africa [6]. These efforts
have provided lasting partial protection against HIV to millions
of circumcised men, and likely have contributed to declines in
HIV incidence among both men and women [20]. Emerging
data from Uganda, Kenya, and South Africa show sharply de-
clining HIV incidence with scale-up of VMMC, with the lowest
overall HIV incidence among circumcised men [8-10, 13]. In

Zimbabwe, VMMC programs are estimated to have averted
up to 12000 infections as of 2016 with future projections of
>100 000 infections averted by 2030 [21]. It is likely that ex-
panded VMMC programs will result in similar numbers of
averted infections across sub-Saharan Africa, making it among
the most effective HIV prevention tools for control of gener-
alized heterosexual epidemics. In addition to HIV prevention,
VMMC programs provide a secondary benefit of decreasing the
risk of other sexually transmitted infections among both cir-
cumcised men and their female partners [22-25].

While VMMC uptake was high in this population, the overall
prevalence of VMMC still fell short of the international targets
of 80% population-level coverage [26]. We found that younger
men were increasingly more likely to adopt VMMC over time.
Findings from modeling studies suggest that increasing VMMC
coverage among young men will result in significant reductions
in HIV incidence over the long term. However, the short-term
impact may be less because male HIV incidence is concentrated
in older men [27]. Future strategies to increase VMMC up-
take should focus on all age groups with consideration for both
short- and long-term reductions in HIV incidence [28, 29].

Similar to the findings from extended follow-up of partici-
pants from VMMC trials [19, 30], we found no diminution in the
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by Voluntary Medical Male Circumcision Status and Demographic Factors

y Virus Incid

Table 2. Human Immunodefici

Adjusted IRR: Demographics

Crude IRR Adjusted IRR:

Incidence Rate per

No. of Incident Infec-

Demographics and Sexual Behaviors
Ref

(95% Cl)

100 PY (95% Cl)

tions/PY at Risk

Circumcision Status

Characteristic

0.47 (.16-1.35)

Ref
0.53 (.23-1.26)

0.55 (.29-1.06)
Ref

0.34 (.09-1.33)
Ref

0.47 (.28-.78)
Ref

Ref
0.44 (.23-.83)

Ref

0.54 (.18-1.65)

Ref
0.49 (.17-1.43)

Ref
0.68 (.32-1.44)

0.49 (.30-.81)
Ref

Ref
0.48 (.25-.93)

Ref
0.41 (.22-.76)

0.41 (.16-1.07)

Ref
0.36 (.13-1.03)

Ref
0.64 (.31-1.35)

0.41 (.25-.66)
Ref

Ref
0.43 (.23-.82)

Ref
0.40 (.21-.75)

Ref

.81-1.17)
.26-.62)
43-.94)
11-.63)
1.22-2.03)
.37-1.22)
.54-1.07)
.10-.74)
1.04-1.70)
43-1.72)
.67-.97)
.17-.52)

0.98
0.40
0.64
0.26
1.57
0.68
0.76
0.28
1.33
0.86
0.74
0.30

118/12 095.09
20/4992.78
25/3934.02

5/1921.50
60/3813.10
11/1619.42
33/4347.98
4/1451.85
64/4820.95
8/935.565
54/7274.14
12/4057.22

Uncircumcised
Circumcised
Uncircumcised
Circumcised
Uncircumcised
Circumcised
Uncircumcised
Circumcised
Uncircumcised
Circumcised
Uncircumcised
Circumcised

13-14 (2008-2011)
16-17 (2011-2016)

15-24
25-34

Overall
Age,y
Study visits

Demographic adjustment only: adjusted for study visit, age in years, marital status, and educational attainment. Sexual behavior adjustment: additionally adjusted for sex with partners residing outside of the community in the prior year, sex with multiple

partners in the past year, history of genital ulcer disease in the past year, and consistent condom use with casual partner.

Abbreviations: Cl, confidence interval; IRR, incidence rate ratio; PY, person-years; Ref, reference group.
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Figure 3. Longitudinal effectiveness of voluntary male medical circumcision for
human immunodeficiency virus (HIV) prevention. HIV incidence per 100 person-
years among non-Muslim uncircumcised and circumcised men by estimated time
since surgery in years. Time since surgery was defined as the interval between the
start of the person-period in which circumcision was reported to the midpoint of a
given person-period.

protective effects of VMMC with increasing time from surgery,
This suggests that the benefits of VMMC for HIV prevention are
likely lifelong. We further found that HIV incidence was higher
in the period immediately following VMMC relative to later time
points, though lower than among uncircumcised men. This may
be due to misclassification of timing of VMMC relative to HIV
acquisition because the precise dates of surgery and HIV acquisi-
tion were unknown and both were estimated based on a priori as-
sumptions. However, prior studies have found increased HIV risk
among men who resume sexual activity prior to wound healing,
which may also partly explain these findings [31, 32].

The largest reductions in HIV incidence due to VMMC have
been observed in high HIV incidence communities [33, 34].
However, in our study population, we found that VMMC re-
mained protective despite declining HIV incidence. This sug-
gests that VMMC should remain a central component of HIV
prevention in settings with low HIV incidence and receding
epidemics. Results from large randomized trials of universal
ART for HIV prevention show limitations to achieving reduc-
tions in incidence through the lowering of community viral load
alone [35-37]. Thus, interventions that afford direct protective
benefits, including VMMC and oral preexposure prophylaxis
(PrEP), continue to be essential for epidemic control. In con-
trast to PrEP, where roll-out has proved challenging in some
settings due to poor uptake and adherence [38, 39], VMMC is a
1-time intervention with lasting benefit.

This observational study has limitations. Circumcision status
and sexual behaviors were ascertained via self-report and may
be subject to social desirability and recall biases. Circumcision
status was ascertained at intervals of approximately 18 months
between study visits, and the exact date of VMMC was unknown.
This limited our ability to detect short-term changes in HIV risk
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immediately following VMMC. For participants who first report
VMMC at the same interval in which HIV was detected, it was
not possible to establish the relative timing of these 2 events (ie,
did VMMC precede or succeed HIV acquisition). However, the
results of sensitivity analyses suggest little impact of assumptions
regarding the relative timing on the estimated effectiveness of
VMMC for HIV prevention, and HIV incidence was stable and
consistently low during subsequent follow-up intervals in which
surgery clearly preceded incident infections. We could not deter-
mine exposure to HIV-infected female partners, and men who
accepted VMMC were younger, more likely to be unmarried,
less likely to have initiated sex, and more likely to use condoms
after sexual debut, all of which are characteristics associated with
lower risk of heterosexual HIV acquisition. While we adjusted
for demographic characteristics and sexual risk behaviors, we
cannot exclude the possibility of residual confounding. Finally,
data on Oral PrEP use among study participants were not col-
lected. However, PrEP availability was scarce in the region during
the study period, and we believe any resulting bias to be minimal.
In conclusion, we find that men circumcised through
PEPFAR-supported VMMC programs are at significantly lower
risk of HIV acquisition than uncircumcised men, consistent
with findings from randomized trials and observational studies
of prevalent VMMC. These findings strongly support the pro-
motion of VMMC in combination HIV prevention programs
in order to achieve the goal of epidemic control by 2030 [40].
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Supplementary materials are available at Clinical Infectious Diseases online.
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