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Abstract
Voluntary Medical Male Circumcision (VMMC) for human immunodeficiency virus (HIV) prevention has scaled up rapidly among young
men in western Kenya since 2008. Whether the program has successfully reached uncircumcised men evenly across the region is
largely unknown. Using data from two cluster randomized surveys from the 2008 and 2014 Kenyan Demographic Health Survey
(KDHS), we mapped the continuous spatial distribution of circumcised men by age group across former Nyanza Province to identify
geographic areas where local circumcision prevalence is lower than the overall, regional prevalence. The prevalence of self-reported
circumcision among men 15 to 49 across six counties in former Nyanza Province increased from 45.6% (95% CI=33.2–58.0%) in
2008 to 71.4% (95% CI=67.4–75.0%) in 2014, with the greatest increase in men 15 to 24 years of age, from 40.4% (95% CI=
27.7–55.0%) in 2008 to 81.6% (95% CI=77.2–85.0%) in 2014. Despite the dramatic scale-up of VMMC in western Kenya,
circumcision coverage in parts of Kisumu, Siaya, and Homa Bay counties was lower than expected (P<0.05), with up to 50% of men
aged 15 to 24 still uncircumcised by 2014 in some areas. The VMMCprogram has proven successful in reaching a large population of
uncircumcised men in western Kenya, but as of 2014, pockets of low circumcision coverage still existed. Closing regional gaps in
VMMC prevalence to reach 80% coverage may require targeting specific areas where VMMC prevalence is lower than expected.

Abbreviations: DHS = Demographic Health Survey, EA = enumeration area, GAM = generalized additive model, HIV = human
immunodeficiency virus, KDHS = Kenya Demographic Health Survey, NASCOP = Kenya’s National AIDS and STI Control Program,
SSA = sub-Saharan Africa, VMMC = voluntary medical male circumcision.
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1. Introduction

VoluntaryMedical Male Circumcision (VMMC) reduces the risk
of HIV acquisition in men by ∼60%.[1–3] Many countries in sub-
Saharan Africa have begun a rapid scale-up VMMC in high HIV
prevalence areas where circumcision coverage is low.[4] Though a
majority of the Kenyan population traditionally practices male
circumcision, the burden of HIV is highest in regions where
circumcision is not traditionally practiced. The Kenyan national
VMMC program has set a target of 80% prevalence of VMMC
among men ages 15 to 49 in high HIV prevalence areas.[5]

Between 2008 and 2013, 793,000 VMMCs were conducted in
Kenya,[6] increasing the proportion of men who reported being
circumcised nationwide from 85% in 2007 to 92.6% in 2014.[7,8]
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TheNyanza region in western Kenya has the highest adult HIV
prevalence in Kenya (15.1% among adults ages 15–49 in
2012),[9] and approximately half of men in the age group 15 to 49
years were uncircumcised prior to the start of the national
VMMC program.[10] Since the start of the national VMMC
program in 2008, the prevalence of circumcised men ages 15 to
49 years in Nyanza increased from 45% to 72% in 2014,[8] with
the largest absolute increase (25.2%) among men aged 15 to 24
years.[7] Over the same time period, VMMC services initially only
available at fixed provincial, district, or sub-district hospitals
were expanded through a mobile program to reach schools and
community centers.[11]

Despite the large scale-up of VMMC in western Kenya, limited
data exist on whether the program has reached uncircumcised
men evenly across former Nyanza Province. Using data from two
Kenyan Demographic Health Surveys (KDHS), we mapped the
continuous spatial distribution of circumcision prevalence among
men residing in former Nyanza Province, Kenya, and tested the
hypothesis that VMMC prevalence is not homogeneously
distributed across the region. Our results can inform the focused
allocation of VMMC resources where they are most needed in
order to achieve the greatest public health benefit.[12]
2. Methods

Data from two Kenya Demographic and Health Surveys
(KDHS)[13] from 2008 and 2014 were used for this cross-
sectional analysis. This analysis was exempt from Institutional
review board approval as it relied on de-identified data. Details
on the two-stage cluster sampling designed are explained
elsewhere.[14] Self-reported circumcision status was the primary
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outcome of interest. The prevalence of self-reported circumcision
was estimated across key demographic groups and indicators of
sexual risk behavior including recent sexual activity (never had
sex, active in last four weeks, and not active in last four weeks);
age at first sex; number of sexual partners in last 12 months
(none, 1, 2+); ever tested for HIV; paid for sex in the last
12 months; and concurrent sex partners in the last 12 months
(defined by the DHS as “the proportion of men with more than
one ongoing sexual partnership at the point in time six months
before the interview”

[15]). Additionally, demographic and sexual
risk indicators were compared between those who self-reported
having been circumcised (regardless of method) and those who
were uncircumcised at time of interview for men surveyed during
the 2014 KDHS and who resided in four counties (Siaya, Homa
Bay, Migori, and Kisumu) targeted for VMMC scale-up.
Spatial modeling of circumcision prevalence included all men

aged 15 to 49 years surveyed in either 2008 or 2014 who resided
in six counties of former Nyanza province: Kisumu, Siaya, Homa
Bay, Migori, Kisii, and Nyamira. Kisii, Nyamira, and parts of
Migori are predominantly comprised of Kisii and Kuria ethnic
groups, who practice traditional circumcision. Prevalence of
circumcision in those counties is expected to be close to 100%.
The residence of each survey respondent was geo-located to the
latitude and longitude of their corresponding enumeration area
(EA), a geographic area that delineates groups of households for
counting during the population census. To ensure anonymity and
confidentiality of the survey respondents, each EA is randomly
displaced up to 2km in urban areas and up to 5km in rural areas,
with a randomly selected 1% of rural clusters displaced up to 10
km.[16] The outcome of interest for the mapping exercise was self-
reported circumcision status at the time of survey.
Smoothed maps of the fitted prevalence of self-reported

circumcised men in two age categories (15–24 and 25–49) were
generated separately for the years 2008 and 2014 using a locally
weighted regression smoother in a generalized additive model
(GAM) framework for binary outcome data[17] and a random
effect for the enumeration area (cluster-level variable). Fitted
prevalence estimates were plotted on a grid of former Nyanza
Province of ∼5km resolution and credible intervals were
generated by iterating the model under spatial randomness
and plotting the 1-sided, lower 97.5% credible bound to
delineate the geographic boundary of regions with significantly
lower prevalence of MC compared to the overall prevalence.
Inference on the fitted prevalence map is subject to multiple
testing, and we thus used a lower alpha level (0.025) to
compensate for the inflated type one error rate.[18] Samples sizes
were weighted by DHS survey weights and all analyses accounted
for the survey design using the R (version 3.2.2) statistical
packages: survey[19] and mgcv.[20]

Spatial GAMs are commonly used to model geographic
patterns of disease burden and risk, considering a variety of
spatial sampling schemes, as well as adjustment for spatial
confounding variables.[21–23] We did not include additional co-
variates in the GAMbecause we were interested in understanding
spatial differences in circumcision coverage regardless of the
cause, including those factors related to known spatial
determinants of circumcision access and uptake.
3. Results

A total of 484 survey respondents (weighted N=502.6) were
included in the 2008 sample and 1649 survey respondents
(weighted N=1501.2) were included in the 2014 sample. The
2

prevalence of self-reported circumcision increased from 45.6%
(95%CI: 33.2–58.0%) in 2008 to 71.4% (67.4–75.0%) by 2014
(Table 1). The increase in circumcision prevalence between 2008
and 2014 was primarily in younger men, 15–19: (37.0–81.3%),
20–24: (46.5–82.2%), and 25–29: (39.0–70.9%) from four
traditionally noncircumcising counties of former Nyanza
Province targeted during the VMMC campaign. Circumcision
prevalence increased from 16.0% to 54.7% in Siaya, 33.3% to
58.5% in Kisumu, 25.4% to 71.6% in Migori, and 11.8% to
52.6% in Homa Bay, and the increases were primarily among
those who self-reported being of Luo ethnicity (12.9% to 52.8%)
(Table 1). Kisii and Nyamira counties maintained high
circumcision prevalence at or close to 100%. Little to no change
in prevalence was observed in men over 34 years of age.
Circumcision prevalence, initially greater in urban areas
compared to rural areas in 2008 (56.5% vs 44.2%), increased
to upwards of 70% in both areas by 2014.
The distribution of key sexual risk-behaviors among men

residing in Siaya, Homa Bay, Kisumu, and Migori Counties in
2014 is shown in Table 2. Circumcised men aged 15 to 24 years
were similar to uncircumcised men of the same age with respect to
sexual risk behavior, differing only in that they were more likely
(P=0.005) to self-report having ever been tested forHIV (84.6%)
compared to uncircumcised men of the same age group (72.6%).
Circumcised and uncircumcised men aged 15 to 24 years were
similar with respect to age (65% were 15–19 in both groups),
county of residence, marital status, and level of education. No
differences in self-reported sexual risk behavior were observed
between circumcised and uncircumcised men aged 15 to 24 years.
Circumcised men aged 25 to 49 years tended to have a higher
level of education than uncircumcised men of the same age
(20.0% completed secondary education compared to 9.2%,
respectively, P=0.023) and were less likely to self-report
concurrent sexual partners in the last 12 months (52.2% vs
74.7% respectively, P=0.021). There was no evidence of
difference in other sexual risk behaviors or in the prevalence
of having ever tested for HIV, which was above 90% in both
groups.
Table 3 shows the distribution of circumcision-specific factors

in 2014 across four traditionally noncircumcising counties.
Among those aged 15 to 24 years at the time of the survey, 50.4%
received circumcision at age 15 to 19 years and 30.6% received
circumcision between ages 10 and 14 years. Themajority of those
aged 15 to 24 years received circumcision after 2007 (84.5%),
were circumcised in a health facility (86.9%), and were
circumcised by a health worker or professional (87.8%), with
fewer circumcised by a traditional practitioner or family friend
(11.4%). Among circumcised men aged 25 to 49 years, 32.3%
received circumcision after age 25, and more than half were
circumcised before age 20. Though the majority of circumcised
men aged 25 to 49 years received circumcision before the scale-up
of VMMC in 2008, a majority of those circumcisions were
reported to have been conducted by health workers (71.1%) and/
or in a health facility (70.5%).
Figure 1 shows the continuous spatial prevalence of men aged

15 to 24 years and 25 to 49 years who reported to be circumcised
in the 2008 and 2014 Kenya Demographic and Health Surveys.
In 2008, the lowest prevalence of circumcised men were found
in Homa Bay, Kisumu, Migori, and Siaya. These counties
experienced the greatest increase in the proportion of circumcised
men ages 15 to 24 years, and to a lesser extent, 25 to 49 years. By
2014, the prevalence of circumcised men aged 15 to 24 years was
above the 80% MC target across most of the region except for



Table 1

Prevalence of self-reported male circumcision in 2008 and 2014 DHS surveys by key demographic groups.

2008 2014
Weighted n (%) Circumcision prevalence (95% CI) Weighted n (%) Circumcision prevalence (95% CI)
502.6 (100) 45.6 (33.2–58.0) 1501.2 (100) 71.4 (67.4–75.0)

Age, y
15–19 164.3 (34.6) 37.0 (22.2–54.8) 387.0 (27.5) 81.3 (75.9–85.7)
20–24 82.1 (17.3) 46.5 (32.3–61.3) 214.4 (15.3) 82.2 (76.3–86.9)
25–29 61.1 (12.9) 39.0 (25.8–54.0) 213.3 (15.2) 70.9 (63.0–77.7)
30–34 64.3 (13.5) 55.4 (32.6–76.2) 175.5 (12.5) 66.8 (58.4–74.2)
35–39 39.2 (8.3) 55.9 (37.6–72.7) 175.1 (12.5) 60.8 (53.0–68.1)
40–44 36.8 (7.7) 58.0 (32.2–80.1) 125.4 (8.9) 57.7 (46.7–68.0)
45–49 27.2 (5.7) 60.1 (35.5–80.5) 114.4 (8.1) 66.0 (55.6–75.1)

County
Siaya 117.0 (23.3) 16.0 (8.6–28.0) 222.3 (14.8) 54.7 (47.8–61.5)
Kisumu 93.1 (18.5) 33.3 (17.2–54.5) 326.3 (21.7) 58.5 (49.7–66.8)
Migori 43.9 (8.7) 25.4 (7.8–57.9) 217.6 (14.5) 71.6 (61.7–79.8)
Homa Bay 91.3 (18.2) 11.8 (5.3–24.2) 266.0 (17.7) 52.6 (43.8–61.2)
Kisii 102.3 (20.3) 100 (NA) 335.6 (22.4) 98.3 (93.0–99.6)
Nyamira 55.1 (11.0) 100 (NA) 133.3 (8.9) 100 (NA)

Region
Rural 448.0 (89.1) 44.2 (30.6–58.7) 1027.1 (68.4) 71.6 (66.6–76.2)
Urban 54.8 (10.9) 56.5 (42.7–69.4) 474.5 (31.6) 70.9 (64.3–76.7)

Marital status
Never in union 239.4 (47.6) 38.3 (25.4 - 53.1) 598.6 (39.9) 80.5 (75.6–84.7)
Married 234.5 (46.7) 49.7 (35.5 – 64.0) 842.7 (56.1) 65.0 (60.3–69.4)
Living with partner 12.9 (2.6) 75.8 (40.9 - 93.4) 14.5 (1.0) 62.6 (29.0–87.3)
Widowed 4.8 (0.9) 20.0 (0.5 - 92.2) 9.4 (0.6) 24.3 (4.9–66.6)
Divorced 2.3 (0.5) 61.4 (0.7 - 99.7) 5.5 (0.4) 78.3 (2.7–99.8)
No longer living together/separated 8.8 (1.7) 96.5 (67.7 - 99.7) 30.4 (2.0) 85.6 (66.4–94.7)

Highest level of education attained
Incomplete primary 152.3 (30.3) 35.8 (21.9–52.6) 425.4 (28.3) 65.7 (59.3–71.7)
Complete primary 136.9 (27.2) 38.2 (23.9–54.8) 344.4 (22.9) 60.8 (54.5–66.7)
Incomplete secondary 84.5 (16.8) 45.3 (28.7–63.0) 284.2 (18.9) 81.0 (74.2–86.3)
Complete secondary 80.0 (15.9) 63.6 (43.4–80.0) 243.5 (16.2) 83.1 (77.6–87.5)
Higher 48.9 (9.7) 67.4 (48.8–81.8) 203.7 (13.6) 73.7 (65.0–80.9)

Ethnicity
Kisii 164.6 (32.8) 100 (NA) 478.9 (32.0) 100 (NA)
Luhya 15.1 (3.0) 86.4 (60.4–96.4) 50.5 (3.4) 91.2 (75.3–97.3)
Luo 307.1 (61.1) 12.9 (9.1–18.0) 879.0 (58.7) 52.8 (48.7–56.8)
Kuria NA NA 61.0 (4.1) 89.8 (71.0–97.0)
Other 13.8 (2.8) 70.3 (39.4–89.6) 28.6 (1.9) 87.0 (57.6–97.0)

Percentages out of all nonmissing responses.
Note: all sample sizes are weighted by DHS survey weights and may be expressed as a decimal.

Table 2

Age-group-specific comparison of sexual risk behaviors between self-reported circumcised and uncircumcised men in 4 traditionally
noncircumcising counties in western Kenya in 2014.

Ages 15–24 Ages 25–49
Circumcised Uncircumcised Circumcised Uncircumcised

Weighted n (%)
314.9 (100)

Weighted n (%)
107.7 (100) P

Weighted n (%)
274.9 (100)

Weighted n (%)
277.8 (100) P

Condom used at last sex
∗

112.8 (71.1) 32.8 (61.0) 0.189 72.1 (27.4) 87.1 (32.6) 0.258
Recent sexual activity 0.428 0.552
Never had sex 104.1 (33.3) 42.5 (39.4) 4.0 (1.5) 2.3 (0.8)
Active in last four weeks 72.3 (23.1) 25.8 (23.9) 211.4 (77.2) 207.1 (74.5)
Not active in last four weeks 136.3 (43.6) 39.4 (36.6) 58.5 (21.4) 68.5 (24.7)

Age at first sex, y 0.570 0.450
Never had sex 104.1 (33.3) 42.5 (39.7) 4.0 (1.6) 2.3 (0.8)
<15 95.1 (30.4) 30.2 (28.2) 56.4 (22.1) 74.8 (27.9)
15–19 106.4 (34.0) 33.6 (31.4) 158.2 (61.9) 155.9 (58.1)
20+ 7.0 (2.2) 0.7 (0.7) 37.1 (14.5) 35.3 (13.2)

Number of sex partners in the last 12 months (%) 0.989 0.332
None 156.3 (50.0) 53.9 (50.1) 11.7 (4.3) 10.5 (3.8)
One 114.7 (36.7) 38.9 (36.1) 184.7 (67.4) 204.0 (73.4)
Two or more 41.7 (13.3) 14.9 (13.8) 77.5 (28.3) 63.3 (22.8)

Ever tested for HIV 266.4 (84.6) 78.2 (72.6) 0.005 258.7 (94.1) 254.8 (91.7) 0.252
Paid for sex in the last 12 months 12.8 (6.1) 2.5 (3.8) 0.468 19.3 (7.1) 11.9 (4.3) 0.210
Concurrent sex partners in the last12 months 7.5 (18.0) 3.1 (21.1) 0.834 40.5 (52.2) 47.3 (74.7) 0.021
Knows someone with HIV 224.4 (71.5) 73.6 (69.5) 0.694 237.2 (86.8) 250.7 (90.3) 0.237

Percentages out of all non-missing responses.
Note: all sample sizes are weighted by DHS survey weights and may be expressed as a decimal.
The significance of the bold values is P<0.05.
∗
Among self-reported sexually active individuals.
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Table 3

Age-group-specific comparison of circumcised-specific factors of
menwho self-reported being circumcised in 2014 among4 counties
in former Nyanza province targeted during the VMMC campaign.

Ages 15–24 Ages 25–49
Weighted n (%)
314.9 (100)

Weighted n (%)
274.9 (100)

Age circumcised
0–9 30.1 (9.5) 43.4 (15.8)
10–14 96.4 (30.6) 50.4 (18.3)
15–19 158.8 (50.4) 58.1 (21.1)
20–24 29.7 (9.4) 34.4 (12.5)
25–50 0.0 (0.0) 88.7 (32.3)

Year circumcised
2014 44.2 (14.0) 21.8 (7.9)
2013 51.5 (16.4) 10.4 (3.8)
2012 60.5 (19.2) 18.2 (6.6)
2011 37.9 (12.0) 11.8 (4.3)
2010 28.9 (9.2) 15.1 (5.5)
2009 21.5 (6.8) 4.9 (1.8)
2008 10.0 (3.2) 6.3 (2.3)
2007 11.6 (3.7) 9.8 (3.6)
pre-2007 48.8 (15.5) 176.5 (64.2)

Circumcision provider
Traditional practitioner/family friend 35.7 (11.4) 72.6 (26.4)
Health worker/professional 276.5 (87.8) 195.4 (71.1)
Other 1.6 (0.5) 4.5 (1.6)
Do not know 1.0 (0.3) 2.4 (0.9)

Place of circumcision
Health facility 273.6 (86.9) 193.6 (70.5)
Home of a health worker/professional 1.6 (0.5) 4.8 (1.8)
Circumcision done at home 6.6 (2.1) 6.1 (2.2)
Ritual site 23.2 (7.4) 49.0 (17.8)
Other home/place 9.3 (3.0) 18.4 (6.7)
Do not know 0.5 (0.2) 2.4 (0.9)

Percentages out of all non-missing responses.
Note: all sample sizes are weighted by DHS survey weights and may be expressed as a decimal.

Figure 1. Weighted sample sizes (wn) and smoothed proportions of men age 1
Voluntary Medical Male Circumcision (VMMC) scale-up in 2008 (left) and in 2014
circumcised indicated by one-sided 97.5% credible bound (thick dashed lines). V
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parts of Siaya, Kisumu, and Homa Bay, where the prevalence of
circumcised men was significantly lower than the overall mean
prevalence (P<0.025). In these regions, 25% to 50% of men
aged 15 to 24 years remained uncircumcised in 2014. Among
older men, ages 25 to 49 years, 20% to 50% reported being
circumcised in 2014 across most of the traditionally non-
circumcising regions of Siaya, Homa Bay, western Migori, and
western Kisumu.

4. Discussion

The VMMC program in Kenya has achieved great gains where it
is most needed for HIV prevention. Our mapping results
indicated a clear boundary in circumcision status between
traditionally circumcising regions of western Kenya, primarily in
the counties of Kisii and Nyamira and portions of Migori, and
regions with counties with the lowest circumcision prevalence
and highest HIV prevalence in Kenya—Homa Bay, Siaya,
western Migori, and Kisumu.[8] By 2014, the boundary could
no longer be discerned fromDHS data for 15 to 24-year-old men,
although some regions remained where VMMC coverage was
significantly lower than surrounding areas. Among men aged 25
to 49 years, circumcision prevalence in traditionally noncircum-
cising regions rose, but did not approach the levels of
traditionally circumcising regions.
The prevalence of circumcision increased remarkably in men

under 30 years of age, more than doubling among men 15 to 19
years of age to reach over 80% in 2014. This reflects the younger
target population of the VMMC program.[5] With continued
maintenance of high VMMC coverage in young age groups, the
5 to 24 (top) and 25 to 49 (bottom) who reported to be circumcised prior to
(right). Significantly lower than expected departures from the mean prevalence
MMC=Voluntary Medical Male Circumcision.
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prevalence of VMMC in older men will rise over time as young
circumcised men age into older groups, thereby providing
protection against HIV in the most at-risk male age groups.
Circumcised men aged 15 to 24 years were similar to
uncircumcised men of the same age across all measured
demographic and sexual risk behavior indicators, and differed
only with respect having ever tested for HIV – likely a
consequence of voluntary testing and counseling being offered
to VMMC clients. Our results are consistent with other studies
that have found no difference in sexual risk behaviors in
circumcised versus uncircumcised men.[24,25]

Mapping population-level VMMC coverage over time can
show temporal progress and geographic gaps in the VMMC
scale-up. The spatial information can also be used to prioritize
regions with low-prevalence and highHIV risk, which can further
amplify the population-level effect of VMMC programs.[26]

Geographic heterogeneities may furthermore indicate regions
with limited access to VMMC facilities.[27] Given the geographi-
cally heterogeneous nature of the HIV epidemic, the Joint United
Nations Programme on HIV/AIDS (UNAIDS) has called for
renewed research efforts into the use of spatial analysis in
epidemiology and health services research to identify populations
both at greatest risk of HIV infection and in greatest need of
prevention services.[28] A number of modeling studies have
investigated the potential impact of targeting VMMC at key age-
groups[29] and geographic regions where MC prevalence is
low.[30,31] Our study is among the first to document small-scale
geographic gaps in VMMC coverage. Further study can clarify
the determinants of geographic differences in circumcision
coverage, whether they be differences in availability or demand
and uptake of VMMC services.
A limitation of this analysis is that the 2014DHSdid not include

HIV testing, and thus we could not restrict the analysis to HIV-
negativemen,who are the target ofVMMCforHIVprevention. In
2012, HIV prevalence in the regions we mapped was very high
among men aged 15 to 54 years: 22.3% in Homa Bay, 26.1% in
Siaya, 19.7% inKisumu, and 14.7% inMigori. Although VMMC
is not denied to HIV-positive men, the highest-quality evidence of
the benefit of VMMC for HIV prevention is among HIV-negative
men. Second, though the DHS aims to capture a representative
sample by providing sampling weights to correct for under/
oversampling, there may still be some degree of underrepresenta-
tion of certain groups, namely male economicmigrants who are at
a high risk of HIV. Furthermore, the circumcision status of men is
based on the self-report and not verified by genital exam. Finally,
the sample sizes of many enumeration districts was small (<10).
The smooth spatial model, however, is advantageous with sparse
data in that it borrows information across continuous space,
resulting in more stable estimates of prevalence. Still, smoothed
estimates need to be interpreted with caution where there are
limited data points.[32]

Geographic prioritization VMMC services has been a hallmark
of the current effort to target high-risk hotspots of HIV
transmission in SSA. As VMMC programs continue to expand
across target regions, monitoring small-scale regional gaps in the
coverage, availability, and uptake of VMMC services will be
essential to ensure the most effective and efficient scale-up of
VMMC for HIV prevention.
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