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Abstract

Randomized trials have demonstrated that male circumcision (MC) reduces heterosexual
acquisition of HIV, herpes simplex virus type-2, human papillomavirus (HPV), and genital ulcer
disease (GUD) among men, and reduces HPV, GUD, bacterial vaginosis and trichomoniasis
among female partners. The pathophysiology behind these effects is multifactorial, relying on
anatomic and cellular changes. MC is cost-effective and potentially cost saving in both the US and
Africa. The WHO and Joint United Nations Program on HIV/AIDS proposed reaching 80% MC
coverage in HIV endemic countries, but current rates fall far behind targets. Barriers to scale-up
include supply-side and demand-side challenges. In the US, neonatal MC rates are decreasing, but
the American Academy of Pediatrics now recognizes the medical benefits of MC and supports
insurance coverage. While MC is a globally valuable tool to prevent HIV and other sexually
transmitted infections, it is under-utilized. Further research is needed to address barriers to MC
uptake.
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Three randomized trials from Africa conclusively demonstrated that male circumcision
(MC) reduces heterosexual HIV acquisition by 53-60%, triggering widespread efforts to
promote MC as part of a comprehensive HIV prevention strategy. In 2007, the World Health
Organization (WHO), in conjunction with the Joint United Nations Program on HIV/AIDS
(UNAIDS), issued a formal policy statement in support of MC: “Male circumcision should
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now be recognized as an efficacious intervention for HIV prevention...Promoting male
circumcision should be recognized as an additional, important strategy for the prevention of
heterosexually acquired HIV infection in men”(1).

Five years later, in 2012, the American Academy of Pediatrics (AAP) took a similar step in
support of the procedure among newborns, revising their policy statement to note,
“preventive health benefits of elective circumcision of male newborns outweigh the risks of
the procedure.” While the AAP did not find that the health benefits of circumcision were
substantial enough to warrant recommending routine circumcision for male newborns, the
policy noted, “the benefits of circumcision are sufficient to justify access to this procedure
for families choosing it and to warrant third-party payment for circumcision of male
newborns (2).” The American College of Obstetricians and Gynecologists has endorsed this
statement.

These policy statements have arisen in the context of a growing body of evidence supporting
the medical benefits of MC. However, despite this evidence, MC rates in developed
countries have declined in recent years, and uptake of MC services in the developing world
has been slow. In this review, we will discuss the global rates of MC, medical evidence on
effects of the practice, projections of health and financial impact from large-scale modeling
studies, implementation strategies for MC programs, and barriers to scale-up.

MC Prevalence

Rates of MC vary across countries, and differ between social, cultural, and religious groups.
MC has not been traditional for many men historically; only 30% of men worldwide are
circumcised for religious, cultural, medical, or other reasons (3) (Figure 1).

Judaism and Islam are two religions where MC has traditionally been an important ritual.
Jewish male infants are typically circumcised on their 8t day of life, and rates of MC among
Jewish men in the United States, Israel, and the United Kingdom exceed 98%(3). MC
among Muslim men accounts for more than two-thirds of all circumcision globally. While
Islam does not dictate a specific day for the procedure to be performed, it is typically
conducted between birth and puberty. Most other religions adopt a neutral stance on MC.

Rates of MC for non-religious reasons vary substantially across countries. While in the
United States, 75% of men 15 or older are circumcised for non-religious reasons, only 6% of
males in the United Kingdom are circumcised (3). Rates in Europe have decreased since
1949, when a British Medical Journal article concluded that MC was not medically justified
(3; 4). MC is uncommon in Central and South America, and in most of Asia, with the
exceptions of Korea and the Philippines (5-8). Within Africa, rates vary substantially. While
men in parts of West and North Africa and men from specific ethnic or tribal groups such as
the Xhosa men in South Africa, are traditionally circumcised, the practice is not mainstream
for other groups (3). The age at which MC is performed also varies across communities;
neonatal MC is common in Ghana, but MC among boys or young adults is more common in
Burkina Faso, Kenya, South Africa, Zambia, and Zimbabwe(3).
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MC for HIV Prevention Among Heterosexual Men

Prior to 2002, more than 30 published ecological and observational studies had suggested
that HIV acquisition is lower among circumcised men than uncircumcised men (9).
However, these studies were unable to exclude the possibility that the association found
between HIV infection and circumcision status was due to confounding by sexual behaviors
or other factors. Thus, three large randomized controlled trials enrolling more than 10,000
adult men were conducted in South Africa, Kenya, and Uganda. The trials showed that MC
decreased heterosexual HIV acquisition by 50-60% (10-12), and that this effect was
significant across trial settings. While the trials varied by surgical procedure used, urban/
rural status of the community, and eligibility criteria including age, all trials enrolled HIV-
negative men and randomized them to circumcision upon enrollment or control. Men were
followed for 21-24 months. The intent-to-treat efficacy estimates found in the South
African, Kenyan, and Ugandan trials were strikingly consistent, at 60% (95%CI 32% —
76%) (12), 53% (95%CI 22% — 72%) (11) and 57% (95%CI 25% — 76%) (10), respectively
(Figure 2).

Post-trial follow-up demonstrated that the efficacy of MC to reduce HIV acquisition actually
increased over time. In an analysis three years post-MC trial closure in Uganda, MC was
associated with a 73% reduction in HIV acquisition risk (13). The Kenyan trial also
demonstrated that the protective efficacy of MC had increased when evaluated at 42 months
post-circumcision (14).

MC and Viral Sexually Transmitted Infections (STIs)

Circumcision in the Ugandan and Kenyan randomized trials was associated with decreased
frequency of genital ulcers (10; 15), suggesting that MC may reduce sexually transmitted
infections (STIs) associated with genital lesions (Figure 2). Among men in the Uganda trial
who were herpes simplex virus type 2 (HSV-2) and HIV negative, the probability of HSV-2
seroconversion over two years was 7.8% in the circumcised group, but 10.3% among control
group men (adjusted hazard ratio 0.72, 95%CI 0.56-0.92) (16; 17). In the South African
trial, HSV-2 incidence was 3.54/100 person-years among uncircumcised men and 2.33/100
person-years among circumcised men, with an unadjusted incidence rate ratio of 0.66 (95%
Cl10.32 -1.12). (18). The Kenyan trial, however, did not find a difference in HSV-2
acquisition between circumcised men and uncircumcised men (19).

Prior to these trials, observational studies had suggested that MC may decrease risk of
infection with high-risk human papillomavirus (HR-HPV), which can lead to penile cancer
(20-23). The South African trial evaluated penile HR-HPV prevalence at the urethra at 21
months post-enrollment (24). The prevalence of HR-HPV was significantly lower among
intervention arm men (14.8%) than control arm men (22.3%), with an adjusted PRR of 0.68
(95%CI 0.52-0.89) (Figure 2). The Ugandan MC trial evaluated HR-HPV prevalence at the
glans/coronal sulcus (16). At enrollment, HR-HPV prevalence was comparable in both study
arms, but the point prevalence of HR-HPV at the two year visit was lower in the intervention
arm (18.0%) than in the control arm (27.9%), with an adjusted PRR of 0.65 (95%CI 0.46 —
0.90). MC decreased the overall HR-HPV viral load (25), and the decrease in HR-HPV
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prevalence was due to both reduced acquisition of new HR-HPV infections and increased
clearance of pre-existing HR-HPV infection in HIV-negative men (26; 27). The Ugandan
MC trial also showed that MC reduces HR-HPV on the penile shaft (28). In addition to HIV-
negative men, MC of HIV-positive men decreased penile high-risk HPV prevalence
(RR=0.77, 95%CI 0.62-0.97) (29). These trial findings indicate that circumcision should be
accepted as an efficacious intervention for reducing HSV-2 and HR-HPV.

MC and Bacterial STls

The effect of MC on the risk of bacterial STI acquisition among men was evaluated by all
three randomized trials. In the South African trial, MC decreased both Trichomonas
vaginalis (adjusted OR 0.53, 95%CI 0.28 — 1.02) and Chlamydia trachomatis (adjusted OR
0.56, 95%CI 0.32 — 1.00), with borderline statistical significance (Figure 1) (30). However,
MC had no impact on Neisseria gonorrhoeae (adjusted PRR 0.87, 95%CI 0.60 — 1.26) (24).
The randomized trial in Kenya did not find a reduction in bacterial infections of Neisseria
gonorrhoeae (OR 0.95, 95%CI 0.68-1.38), Chlamydia trachomatis (OR 0.87, 95%CI 0.65—
1.16, p=0.325), or Trichomonas vaginalis infection (OR 0.77, 95%CI 0.44-1.36) (31), but
did find an protective effect for Mycosplasma gentailium (adjusted OR 0.54; 95% CI: 0.29—
0.99) (32). In the Ugandan trial, MC did not reduce syphilis acquisition (adjusted hazard
ratio 1.10, 95%CI 0.75-1.65) (16). These data suggest that MC has no significant effect on
bacterial STIs, particularly those of urethral pathogenicity.

MC and Indirect Effects on Female Partners

Observational studies found conflicting results regarding the effect of MC on a female
partner’s risk of cervical cancer, caused by HR-HPV (21; 33; 34). The randomized
controlled trial in Uganda simultaneously enrolled female partners of the male trial
participants to clarify this effect. While HPV prevalence of female partners of HIVV-negative
men were similar between arms at enroliment, female HR-HPV prevalence at year two was
27.8% in the intervention and 38.7% in the control arm (PRR=0.72, 95%CI 0.60-0.85)
(Figure 3); this reduced prevalence was due to decreased acquisition and increased clearance
among the female partners (35). The decrease in cervical cancer found in observational
studies may be due to the reduction in overall HPV viral load of female partners of
circumcised men (36). Contrary to findings in HI\VV-negative men, MC of HIV-positive men
did not affect HR-HPV transmission to female partners (PRR = 1.07, 95%CI 0.86-1.32)(37).

In addition to reduced HPV prevalence, the female partners of HIV-negative circumcised
men in the Ugandan randomized trial had decreased genital ulcer disease (adjPRR 0.78,
95%CI 0.63 — 0.97), trichomonas infection (adjusted PRR 0.52, 95%CI 0.05 - 0.98), and
bacterial vaginosis (BV) (adjPRR 0.60, 95%CI 0.38 — 0.94) as compared to the partners of
uncircumcised men (Figure 3) (38). The decreased risk of BV is likely due to a reduction in
overall penile bacterial load and reduced pro-inflammatory anaerobic bacteria among
circumcised men (39; 40). MC does not have an impact on HSV-2 acquisition among female
partners (41). Overall, however, MC’s benefits to female partners are substantial.

The role of MC to prevent HIV transmission to female partners is not clear. Among 163
HIV-positive men and their HIV-negative female partners enrolled in a randomized
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controlled trial in Uganda, MC had no effect on male-to-female HIV transmission over two
years of observation (adjusted HR 1.49, 95%CI 0.62-3.57, p=0.37) (42). This trial, however,
was terminated prematurely due to futility. In a stratified analysis, HIV transmission risk
was significantly increased among couples who resumed sex prior to complete healing of the
circumcision wound (42). However, two observational studies found that MC decreased
HIV transmission to female partners (43; 44). The difference in findings between the trials
and observational studies may be due to the age at which circumcision was performed: the
observational studies assessed men who had been circumcised as infants, while in the
randomized trials, circumcision was performed among adults. It is possible that incomplete
wound healing among HIV-positive men enrolled in the trial may have offset potential
longer-term effects of circumcision on male-to-female HIV transmission. While the direct
potential benefits of MC for female HIV transmission are not clear, modeling studies have
suggested that MC will likely lead to an indirect benefit to females by decreasing HIV
prevalence among male partners (45).

Generalizability of MC Trial Results

While the dynamics and burden of HIV in the developed world may be different than that in
Africa, supporting evidence from the United States suggests that trial findings may be
externally valid. Observational studies in the United States involving heterosexual men who
had primarily been circumcised in childhood have found protective medical effects of MC
consistent with those found in the trials. In a study among men with known heterosexual
HIV exposure visiting a Baltimore, Maryland STI clinic, HIV prevalence among
uncircumcised men was 22%, but only 10% among circumcised men (adjusted PRR 0.49,
95%Cl 0.26 — 0.93) (46). Additional studies among men in Florida and Arizona found MC
to be protective against HPV infection of the urethra, glans/corona and penile shaft, with an
adjusted odds ratio of 0.53 (95% CI, 0.28 — 0.99) (47), and circumcised men to be more
likely to clear oncogenic HPV infection (48). Thus, the results of the African trials also
appear to be relevant to heterosexuals at high risk for STls in the developed world.

While MC clearly reduces STIs among heterosexual men, its effects among men who have
sex with men (MSM) are unclear. While some observational studies of MSM have found
that MC is associated with decreased HIV infection (49; 50), others have found no
protective effect (15; 51-53). A meta-analysis incorporating more than 50,000 MSM did not
find an association between HIV status and being circumcised (OR = 0.95, 95%CI 0.81-
1.11) (54). MSM engage in both insertive and receptive sexual practices, but MC may
exhibit preventative effects only for insertive intercourse. Several studies of men who
participate exclusively in insertive anal intercourse have found that uncircumcised men have
a higher risk of HIV infection than circumcised men (53; 55). Thus, any protective effect of
circumcision among MSM may not be observed if studies do not differentiate between these
practices.

Pathophysiology of MC to Reduce STIs

The pathophysiology underlying the ability of MC to reduce HIV and other sexually
transmitted infections is likely multifactorial, with multiple anatomic factors that may favor
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protection. Circumcision is associated with a decreased frequency of genital ulcers (10). The
Ugandan trial found reduced genital ulcers among both HSV-2 negative and HSV-2 positive
men (56). Viral infections may enter through genital ulcers or microtears in the preputial
mucosa. It has been estimated the 11% of reduced HIV acquisition in circumcised men is
attributable to reductions in symptomatic genital ulcers and an additional 9% of reduced
HIV is mediated by reduced HSV-2 incidence (56). It has also been shown that HIV is
higher among men with larger foreskin surface area (57). The male foreskin creates a warm,
moist subpreputial cavity that may assist in viral and anaerobic bacterial survival. The
foreskin of uncircumcised men is retracted over the shaft during intercourse when the penis
is erect. This exposes the preputial mucosa to vaginal and cervical fluids that may more
easily penetrate the inner foreskin mucosa and lead to infection (58; 59). Circumcision
removes this rich vascular tissue with a thin keratin layer and it becomes replaced with scar
tissue. Thus, there is biological plausibility to support the findings that circumcision reduces
viral STls.

In addition to anatomic factors, there are likely cellular factors that play a role in protection
among circumcised men. It has been hypothesized that the inner mucosa of the foreskin is
lightly keratinized compared to the epithelium of the shaft, coronal sulcus and glans, which
may facilitate mucosal access of HIV, HSV-2 or HPV to the epithelium (59; 60), suggesting
that it is easier for HIV to establish infection via the inner mucosal surface than cervical
tissue (61). However, more recent evidence suggests that keratin thickness is similar
between the internal and external foreskin surfaces (62; 63). While keratin thickness may
not explain the protective mechanism of MC, the foreskin mucosa contains a high density of
dendritic (Langerhans) cells, CD4+ T cells and CD8+ T cells (Figure 4), which are all
targets for HIV infection (59; 64; 65), and HIV is able to penetrate the foreskin infecting
Langerhans cells (66; 67). In HSV-2 infected men, there is an increased CD4+ T-cell density
in the foreskin (64), which may help to explain why HSV-2—infected men are at increased
risk of HIV acquisition.

Scale-up and Potential for Large-scale Impact

With a strong biological basis for protection against HIV and other STls, the WHO and Joint
United Nations Program on HIV/AIDS established recommendations to reach 80% MC
coverage among men aged 15-49 in 13 countries in eastern and southern Africa with high
HIV prevalence and low MC rates (Botswana, Kenya, Lesotho, Malawi, Mozambique,
Namibia, Rwanda, South Africa, Swaziland, Uganda, the United Republic of Tanzania,
Zambia, and Zimbabwe) by 2015(68; 69). The US President’s Emergency Plan for AIDS
Relief (PEPFAR) is supporting MC scale-up efforts in these priority countries, in addition to
supporting a scale-up program in Ethiopia (69).

Multiple analyses have attempted to model the potential health and financial impact of large-
scale MC programs. Reaching the 80% coverage target in these 14 countries would require
20.33 million MC procedures by 2015, and sustaining this 80% coverage level would
require an additional 8.4 million MC procedures from 2016-2025 (69). MC scale-up
programs which reach coverage targets in sub-Saharan Africa by 2015 are projected to
prevent 22% of new HIV infections through 2025 (69). In a high HIV prevalence setting,
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each averted HIV infection would require 5 to 15 circumcision procedures (70).
Furthermore, models suggest that as an HIV prevention method, MC is highly cost-effective
and potentially cost saving after a period of scale-up (71; 72). While MC programs require
initial expenditure for the procedure, potential adverse events, and other components of
scale-up, savings are expected to accrue over time as circumcised men, their female
partners, and others throughout the community avoid infection with HIV and other STls.
MC scale-up to 80% coverage across priority countries in eastern and southern Africa by
2015 is associated with a net savings of $16.51 billion through averted HIV alone (71).
Although estimates have varied based on the specifics of the model used and the population
studied, a systematic review from 2009 found that reported cost per HIV infection averted
through MC ranged from $174 to $2808 (72). These values are comparable to those for
other interventions to prevent HIV, such as voluntary testing and counseling, antiretroviral
therapy for prevention, and interventions to reduce mother-to-child transmission.
Incorporating averted cases of non-HIV STls in cost-effectiveness models increases cost
savings associated with MC scale-up (73).

Additional studies have examined the health and financial impact of MC in developed
countries such as the United States (74; 75). Even in countries with low HIV prevalence,
MC may be a highly cost-effective method to reduce incidence of heterosexually-transmitted
HIV, other STls, and infant urinary tract infections (UTIs)(76). An analysis using efficacy
estimates from the African trials suggested that in the US, each MC procedure performed is
associated with a decrease of $313 in net direct medical costs(75). These cost savings are
expected to arise from reduced HIV, HPV, HSV-2, and infant UTIs among circumcised
males, in addition to averted HPV, BV, and Trichomoniasis among female partners. Thus,
MC is highly cost-effective in both Africa and the developed world.

Implementation

Proposals to scale up MC programs in eastern and southern Africa incorporate an initial
“catch-up” phase, to focus on reaching uncircumcised adult males likely to be sexually
active and at risk of HIV infection, as well as a “sustainability” phase, to focus on routinely
offering MC to infants or adolescents (69). Reaching coverage targets will require massive
and rapid roll-out of services, frequently across regions where MC has not been a routine
practice. Thus far, implementation in target areas has been slow, with rates of MC lagging
far behind the goal of 80% coverage. As of 2010, only 2.7% of the total number of MC
procedures needed to be done to reach this coverage level had been performed. Of all
priority countries, only Kenya appears to be on track to achieving the 80% coverage target
(77).

Barriers to Scale-up

Rapid scale-up of MC in eastern and southern Africa is likely to require extensive human
and capital resources (78; 79) to ensure an adequate supply of safe, high-quality MC
services. Furthermore, effective programs may also need to incorporate demand-generation
activities to ensure acceptability and uptake among men, particularly within communities
where MC is not routine.
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In many African countries, the supply of available human resources for health (physicians,
surgical specialists, nurses, counselors, other support staff) falls far below the amount
needed to achieve MC coverage targets (79). In addition, priority countries for MC also face
other health concerns, and shifting all resources to MC scale-up may lead to neglect of these
other health issues. However, various supply-side innovations may be able to improve
surgical, non-surgical, and human resource efficiencies and help to minimize disruptions to
other aspects of the healthcare system. Conventional MC programs have employed a one
doctor-one assistant team responsible for surgically performing each MC, using a forceps-
guided, dorsal slit, or sleeve resection method. This model allows each team to perform 8—
10 MC procedures daily (79). However, increasing the number of surgical bays in an
operating room and task shifting or task sharing specific components of the procedure to
nurses or other staff may allow for higher volumes of procedures. In addition, disposable or
pre-bundled MC kits may reduce preparation time. Temporarily increasing healthcare
professionals available for MC through targeted recruitment or redeployment may also
improve the supply of services. The development of new non-surgical MC methods, such as
the Shang Ring or PrePex, may allow for further task shifting to non-surgically trained
health care workers (81; 82).

Acceptance of MC among men who have not traditionally engaged in the practice of MC
varies across settings. A review of studies on the acceptability in sub-Saharan Africa
suggests that 65% of uncircumcised men are willing to become circumcised, with this
portion varying from 29% in Uganda to 87% in Swaziland. In addition, the review suggested
that 69% of women favored circumcised partners, and that the majority of men (71%) and
women (81%) were willing to circumcise their sons (83). Various demand-generation
activities have been used to encourage engagement, both from men and from the broader
community. Communication efforts have attempted to raise awareness and increase
acceptability using educational materials, mass media and entertainment, and peer educators
(68). Some efforts have tried to address concerns of men, including issues of pain, cost, and
reduced sexual pleasure. In addition, these messages have been clear that MC is not 100%
protective against HIV, in an attempt to reduce any adverse risk compensation following
scale-up. There was no demonstration of change in sexual behaviors among circumcised
men during or after the Kenyan or Ugandan MC trials(10; 11; 84). Targeted incentives to
uncircumcised males may also have some effect on demand, although a study from Malawi
found that vouchers to subsidize the cost of MC were primarily effective among lower-risk
men (85).

As scale-up programs begin to shift from targeting adult males at risk of HIV to a
“sustainability phase” focused on a younger population, demand generation activities and
the way services are supplied may need to be adjusted. Proposals to incorporate MC as a
routine activity among neonatal males may face challenges if births do not often occur in
health facilities. Alternatively, it may be possible to use schools or youth centers to offer
services to young men before becoming sexually active(86).

Despite encouraging findings on the medical benefits of MC, Medicaid, the public insurance
system for low income individuals in the United States, has recently eliminated coverage for
neonatal MC in 18 states(87). Medicaid pays for more than one-third of all in-hospital MC
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procedures(88). Private insurers in the US are also trending towards decreasing coverage for
the procedure(88). Alongside coverage limitations, rates of MC in the United States have
been declining dramatically over the past 20 years; while men born in the 1970s and 1980s
had an MC rate of approximately 79%, the MC rate among males born in 1999 was 62.5%,
and by 2010, the rate among newborns was below 55% (75; 89; 90). These trends may have
important health and financial implications (75; 91). Furthermore, lack of Medicaid
coverage for the procedure may lead to exaggerated socioeconomic disparities in STI-related
health (91; 92). Thus, it is clear that the practice of MC may be a policy-relevant issue in
developed countries such as the US, as well as in Africa. The recent revision of a policy
statement by the American Academy of Pediatrics and the American College of
Obstetricians and Gynecologists in support of access to MC may begin to reverse these
current trends (2).

It is clear that MC is a potentially valuable tool for the prevention of HIV and other STIs,
with relevance for sub-Saharan Africa as well as other countries globally. Thus far,
however, it appears to be an under-utilized method. Further research is needed to understand
why uptake of MC services has been low compared to target coverage levels, and to develop
innovative methods to address this gap.
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Figure 1.
Male circumcision prevalence by country according to the World Health Organization

(http://www.who.int/hiv/pub/malecircumcision/globaltrends/en/index.html).
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Figure 2.
The data shown in this figure are from publications of the three randomized controlled trials

that presented the efficacy of male circumcision using different statistical methods.
Specifically, for HIV, HSV-2 (South Africa), C. trachomatis (Kenya), T. vaginalis (Kenya)
and N. gonorrhoeae (Kenya) the ratio expressed above is an incidence rate ratio. For HR-
HPV, N gonorrhoeae (South Africa), and GUD the ratio expressed above is a prevalence
rate ratio. For HSV-2 (Uganda) and syphilis, the ratio expressed above is a hazard ratio. For
T. vaginalis (South Africa) and C. trachomatis (South Africa) the ratio expressed above is an
odds ratio. For HSV-2 (Kenya) the data are expressed as a risk ratio. All ratios are adjusted
(except South African HSV-2, Kenyan HSV-2, Kenyan bacterial STIs) and represent an
intention-to-treat analysis (except Kenyan HSV-2).
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Figure 3.
The data shown above are from publications of the Ugandan randomized controlled trial that

presented the efficacy of male circumcision on STIs among female partners. For HR-HPV,
bacterial vaginosis, T. vaginalis, and GUD, the ratio expressed above is a prevalence rate
ratio. All ratios are adjusted (except HR-HPV) and represent an intention-to-treat analysis.
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Figure4.
CD1a+ dendritic cells, CD4+ T cells, and CD8+ T cells are present in the foreskin. The cells

are highlighted by red precipitate using immunohistochemistry. While the CD4+ and CD8+
T cells are found both the epidermis and dermis, the dendritic cells are primarily located in
the epidermis.
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