OPEN a ACCESS Freely available online

PLOS mepicine

Male Circumcision for Prevention of HIV

Transmission: What the New Data Mean
for HIV Prevention in the United States
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hree randomized, controlled
clinical trials in South Africa,
Kenya, and Uganda were
recently unblinded early because
interim analyses concluded that
circumcision of HIV-negative adult
males reduced their risk for acquiring
HIV infection through penile—vaginal
sex [1-3]. In each trial, men who
had been randomly assigned to
an intervention group receiving
circumcision had a lower incidence
of HIV infection in up to two years
of follow up, compared to men who
were assigned to a control group not
receiving circumcision. The estimated
reduction in the risk of HIV infection
ranged from 51% to 60%; per-protocol
estimates of risk reduction ranged from
55% to 76%.

It is now clear that male circumcision
can be efficacious for men in reducing
their risk of HIV acquisition through sex
with women [4]. Some experts predict
that the impact of male circumcision
as a biomedical intervention for HIV
prevention in Africa could be large
[5,6], and preparatory work has been
done to establish male circumcision
programs in Africa. The implications
of African trials on circumcision for
HIV prevention programs in the
United States are less clear—despite
the interest of the popular press in
the idea [7]. Here, we consider the
differences between the HIV epidemics
in Africa and the US, the current status
of male circumcision in the US, and
the knowledge gaps that will need to
be addressed as we consider whether
male circumcision should be evaluated
or implemented as a biomedical
intervention to reduce sexually acquired
HIV infections domestically.

The Policy Forum allows health policy makers around
the world to discuss challenges and opportunities for
improving health care in their societies.
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Epidemiological Differences

The results of any trial must be
interpreted with the caution that
inference not be extended to
populations differing from the study
participants in important ways.

The HIV epidemics in Africa are
substantially different from the US
epidemic. Generalized HIV epidemics
exist in many areas of Africa, and

the population prevalence of HIV
among adult Kenyans, Ugandans,

and South Africans ranges from
6%-19% [8]. The predominant
mode of HIV transmission in Africa is
male—female sex. In contrast, the US
has a concentrated epidemic, with most
sexual transmission occurring among
men who have sex with men (MSM).
The general population prevalence of
HIV is about 0.4% in the US [9], and
only 15% of men diagnosed with HIV
infection during 2005 were reported
to have acquired HIV through male-
female sex [10].

Biological Plausibility of
Circumcision to Prevent HIV
Acquisition

The association between circumcision
and reduced risk for HIV acquisition

is biologically plausible: the foreskin
contains high concentrations of
superficial Langerhans cells, CD4* T
cells, and macrophages [11]—all target
cells for HIV infection, some of which
may also be close to the skin surface
[12,13]. In addition, the preputial

sac may serve as a reservoir for HIV-
containing secretions, resulting in
prolonged contact time after exposure
to secretions, and the foreskin may
present less of a physical barrier to HIV
entry than the more heavily keratinized
skin of the shaft of the penis [12], and
may have more frequent epithelial
disruption. There are also potential
indirect mechanisms of association
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between lack of circumcision and HIV
risk; for example, lack of circumcision
is associated with increased risk of
genital ulcer diseases, which in turn are
associated with increased risk of HIV
transmission and acquisition [14].

Considerations for Prevention
of HIV Transmission by Penile-
Vaginal Sex in the US

Epidemic differences are important
because, on a population basis,

the impact of circumcision as an
intervention to prevent HIV infection
among men who have sex with women
will depend on the likelihood of HIV
exposure among such men in the US—
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and, therefore, on the prevalence of
HIV among their female sex partners.
A recent analysis of data from sexually
transmitted disease clinics in Baltimore
evaluated the association of male
circumcision and risk of prevalent HIV
infection in two ways—first, evaluating
all male attendees at the clinics, and
second, restricting the analysis to
males who were known to have been
exposed to HIV heterosexually (e.g.,
sexual contacts of partners known to
be infected with HIV) [15]. The results
indicated that, while circumcision was
not associated with lower HIV infection
in the entire population of male STD
clinic attendees, where HIV prevalence
was 3%, circumcision was associated
with significantly lower HIV prevalence
in the subset of men with a known
infected female sex partner, where the
group’s prevalence of infection was
markedly higher at 12% (adjusted odds
ratio [aOR] = 0.46; 95% confidence
interval [CI] 0.22-0.97). In effect,

this analysis illustrated the impact

of partner prevalence of HIV on the
association of circumcision and HIV
infection status, and concluded that it
was difficult to detect a protective effect
from circumcision on HIV infection in
the setting of a partner pool with lower
HIV prevalence.

Considerations for Prevention of
HIV Transmission by Male-Male
Sex

Most sexual transmission of HIV in

the US occurs through male-male sex
[10], most often infecting the receptive
partner in penile—anal intercourse
[16]. The results from the African
trials demonstrated that circumcision
was protective for men who were

the insertive partner in vaginal
intercourse, suggesting that the utility
of male circumcision in preventing
HIV transmission among MSM may

be limited. Because reducing the
concentration of target cells for HIV
infection on the penis is a proposed
protective mechanism, understanding
the relative viral challenge presented by
vaginal versus anal-rectal secretions is
relevant to evaluating the plausibility of
a protective effect of circumcision for
the insertive male partner during anal
intercourse. The concentration of HIV
RNA in rectal secretions may be higher
than in blood or semen, regardless

of use of antiretroviral therapy [17],
and may be orders of magnitude
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higher than the concentrations in
vaginal or cervical secretions [17,18].
Circumcision may change the balance
of virus and target cells, but if rectal
mucosal secretions contain a higher
concentration of infectious virus

than vaginal secretions, any potential
protective effect of circumcision for the
insertive partner may be overwhelmed
by excess virus. Also, new data suggest
that, for limited periods of time before
wound healing is complete, female
sex partners of newly circumcised
HIV-infected men may be at increased
risk of acquiring HIV [4]. Possible
transient increased risk of transmission
(before complete wound healing) from
recently circumcised HIV-infected
MSM to their receptive anal intercourse
partners would also be of concern.
Few studies provide evidence as to
whether circumcision may protect
against HIV infection among MSM.
In a vaccine preparedness cohort
of MSM followed from 1995 to
1997, circumcision was significantly
associated with a decreased risk for
HIV seroconversion (aOR = 0.5; 95%
CI 0.3-0.9), controlling for number of
male sex partners and unprotected sex
with an HIV-positive partner [19]. In
a cross-sectional survey of gay men in
Seattle in the early 1990s, circumcision
was associated with decreased odds of
prevalent HIV infection (aOR = 0.5;
95% CI 0.25-1.0) [20]. While falling
short of the quality of data from a
randomized intervention trial, these
limited data suggest that circumcised
MSM in the US may have decreased
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risk of HIV infection. However, it is
possible that the noted associations in
these two observational studies were
related to uncontrolled bias. A small
cross-sectional study of Australian
MSM found no association between
circumcision status and risk of HIV
infection, when stratifying by insertive
and receptive roles [21].

Virological Issues

In the African countries where
circumcision has been demonstrated
to be efficacious, the predominant
HIV subtypes are A, C, and D; it

is likely that some recombinant

strains were also represented in the
Kenya and Uganda trials. In the US,
subtype B predominates. Despite the
theoretical possibility that subtype
differences in either vaginal shedding
of HIV or affinity to HIV receptors
(especially those natively expressed

on the foreskin) could modify the
effectiveness of circumcision as an
HIV prevention intervention, the
consistent findings of the African

trials argue that this is unlikely. For
example, despite differences in vaginal
shedding between subtype C and
subtypes A and D [18], the efficacy of
circumcision in trials where subtypes A,
C, or D were prevalent was comparable.
One potentially relevant biological
difference relates to binding avidity

of HIV subtypes for CCR5 receptors,
which are important mechanisms for
entry into Langerhans cells, and are
the predominant HIV-1 co-receptor in
foreskin immune cells [11]. Subtype
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Cis reported to have lower binding
avidity than subtype B for CCR5
receptors [22]; it is unclear whether
the greater binding avidity of subtype
B for CCR5 could represent an escape
mechanism to overcome the decreased
availability of target cells that results
from circumcision.

Status of Circumcision in the US

Public health recommendations

will likely have the largest impact

in populations where circumcision
has been rare. Non-religious male
circumcision was introduced to the
US in the late 1800s [23], and by the
1940s, an increasing proportion of
male children in the US were born in
hospitals and were circumcised [24].
The proportion of newborns that
were circumcised annually reached
80% after World War II and peaked

in the mid-1960s. The proportion of
male babies circumcised subsequently
decreased. According to the National
Hospital Discharge Survey, which
documents circumcisions performed
in hospitals but would not ascertain
circumcisions performed outside of
the hospital for religious reasons,

65% of newborns were circumcised in
1999. Although the overall proportion
of newborns circumcised has been
stable from 1979 to 1999 [25], the
proportion of black newborns who
were circumcised rose over this period
to approximately 65%. Significant
discrepancies also exist by region.
While the proportion of newborns born
in the Midwest who were circumcised
increased over the 20-year period to
81% in 1999, the proportion of infants
born in the West who were circumcised
decreased over the same period, to
37% in 1999 [25].

Data from another hospital discharge
survey, the National Inpatient
Sample, present a slightly different
picture [26]. In that survey, newborn
circumcision rates increased from 48%
in 1988-1991, to 61% in 1997-2000.
Circumcision was more common
among newborns born to families of
higher socioeconomic status, in the
Northeast or Midwest, and among
newborns who were black [26].

Data from the National Health
and Nutrition Examination Surveys
from 1999 to 2004 indicated that the
overall prevalence of circumcision
among adult males in the US was 79%
and varied by race/ethnicity (88% in
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non-Hispanic white men, 73% in non-
Hispanic black men, 42% in Mexican
Americans, and 50% in others). The
prevalence of circumcision decreased
among US-born men from the 1970s
to the 1980s [27]. Although causality
cannot be implied by these data and
many other factors are likely operative,
the rates of HIV and AIDS among
non-Hispanic black and Hispanic men
are considerably higher than in non-
Hispanic white men in the US [28].

Willingness of Adult Males to Be
Circumcised

The ability of investigators to fully
enroll three trials of adult circumcision
[1-3] in Africa speaks to the
acceptability of circumcision among
adult males in South Africa, Kenya,
and Uganda. A recent systematic
review of published literature suggests
that adult male circumcision may

be acceptable as an HIV prevention
intervention in many countries in sub-
Saharan Africa [29]. In the US, the
overwhelming majority of circumcisions
are performed on newborns; adult
circumcisions are commonly only done
for medical reasons, such as preputial
cancer or phimosis. It is not clear
whether adult circumcision, were it to
be recommended in the US, would be
acceptable as a prevention intervention.
Preliminary evidence from interviews
with uncircumcised MSM surveyed at
Gay Pride festivals in the US suggests
that the majority of MSM would
consider circumcision as an adult, if
circumcision were shown to reduce
risk of HIV infection by male-male

sex [30]—although respondents were
not told in the survey that protection
would be partial or that condom use
would still be recommended after
circumcision.

Policy Issues Related to
Circumcision of Newborn Boys

The American Academy of Pediatrics
changed from a less conclusive stance
on circumcision in 1989 [31], which
cited potential medical benefits

and advantages (primarily reduced
occurrence of phimosis and penile
cancer) as well as disadvantages and
risks, to their statement in 1999 that
available data were not sufficient

to recommend routine neonatal
circumcision [32]. The 1999 position
was re-affirmed in 2005 by the Academy
after publication of the results of the
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South Africa trial [33]. In a 1995 US
review, 61% of infant circumcisions
were paid by private insurance, 36%
were paid for by Medicaid, and 3%
were self-paid by the parents of the
infant [34]. Since 1999, 16 states have
eliminated Medicaid payments for
circumcisions that were not deemed
medically necessary [35].

Should Adult Male Circumcision Be
Recommended for HIV Prevention
in the US?

Circumcision may have a role for the
prevention of HIV transmission in the
US. However, because of the many
differences between the underlying
HIV epidemics in Africa and the
US, differences in the prevalence of
male circumcision in Africa and the
US, and the considerable gaps in
knowledge that exist regarding the
potential impact of circumcision on
HIV transmission by male-male sex,
the extent of this role on a population
basis is unknown. Further, the already
high prevalence of circumcision among
US men suggests some limitations in
the potential impact of circumcision at
a population level.

Based on the data from the three
African clinical trials, it is likely
that circumcision will decrease the
probability of a man acquiring HIV via
penile—vaginal sex with an HIV-infected
woman in the US. Until public health
recommendations are available for
the US, some sexually active men may
consider circumcision as an additional
HIV prevention measure, but should
do so only in consultation with their
physician or health care provider,
and with a clear understanding of the
costs and risks of circumcision and the
need to continue use of other, proven
prevention measures (e.g., reducing
the numbers of sex partners and using
condoms consistently and correctly).
Men who choose to be circumcised
should also be counseled about the
importance of refraining from sexual
intercourse following circumcision,
until wound healing is complete [4].

To consider the possible impact of
public health recommendations for
male circumcision, we must also take
into account HIV incidence in high-risk
groups, as well as adoption of other
protective behaviors, such as condom
use. For example, HIV incidence among
US MSM recruited in community- and
venue-based samples was, on average,
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about 1.9% annually [36], and 36% of
MSM in the US National HIV Behavioral
Surveillance System reported having
unprotected anal sex with a casual
partner in the last 12 months before
interview [37]. There are few data

on HIV incidence among high-risk
heterosexuals in the US, but there are
limited data on condom use: in 2002,
16% of high-risk heterosexual men and
24% of high-risk heterosexual women
reported that they never used condoms
during penile-vaginal sex with a non-
primary partner [38]. Currently available
data on disparities in rates of prevalent
HIV infection and AIDS [28,39] and the
prevalence of circumcision among US
men suggest that black and Hispanic
men may have particular opportunities
for reduction of risk of HIV acquisition
through circumcision.

Future Research and Consultation

In order to understand the potential
for male circumcision as an HIV
prevention approach in the US, we
believe that there are important
questions that should be answered.
These include questions that can

be answered by basic science, by
modeling, by surveys of acceptability,
by considering ethical issues, and,
perhaps, by clinical trials in the US. For
example, it is important to understand
more fully the differences in shedding
of HIV by rectal versus vaginal mucosa.
Modeling may provide important
information on (1) the impact on

the US epidemic from increasing

male circumcision rates, and (2) the
cost-benefit ratio of circumcision
among newborns, or among adult
men with high risk of exposure to
HIV through sex. Cost-benefit models
may be limited by lack of definitive
transmission parameters in US
populations and should therefore be
conducted with appropriate sensitivity
analyses. Surveys may increase our
understanding of the acceptability

of adult male circumcision among
groups of uncircumcised adult males
in the US for whom circumcision
might be recommended (e.g., men
who have unprotected vaginal or anal
intercourse with HIV-infected partners,
or with multiple partners of unknown
serostatus), and of barriers and
facilitators to acceptance of adult male
circumcision, were it recommended

as an HIV prevention strategy. Given
recent trial results and international
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consensus that male circumcision is
efficacious, it is important to consider
ethical questions about whether
equipoise exists for a US MSM trial,
and about how to implement trials
or programs of male circumcision in
the context of complex cultural and
religious views about circumcision [27].
Evaluating data from basic science,
modeling, and acceptability surveys
and addressing ethics questions will
be important in deciding whether a
clinical trial to determine the efficacy
of male circumcision among MSM may
be feasible and appropriate in the US.

Further, recommendations about
circumcision in newborns or high-
risk adults for the prevention of HIV
infection cannot be made without a
more comprehensive discussion of
other, documented disease prevention
benefits and risks of circumcision.
Benefits include reduction in
acquisition of sexually transmitted
genital ulcer disease, infant urinary
tract infections, penile cancer, and
cervical cancer in female sex partners
[14,40-43]. Although this is less clear,
circumcision may also be associated
with reduced risk of herpes simplex
virus 2 infection [14]. Risks include
postoperative infection, damage to the
penis, excessive bleeding, problems
with postoperative appearance of
the penis, and anesthesia-related
problems [1-3,40]. If it is determined
that circumcision can play a role in
preventing HIV transmission and other
adverse health outcomes in the US, it
will be important to consider the extent
to which circumcision is included in
public and private medical insurance
benefits. The cost, medical risks, and
potential benefits of circumcision
for HIV prevention will need to be
considered separately for infants, high-
risk heterosexuals, and high-risk MSM.
Relatively high rates of circumcision
have prevailed in the US, where
rates of HIV infection are currently
relatively low. To the extent that a high
prevalence of circumcision may have
hypothetically led to lower HIV rates in
the US, reducing reimbursement and
declining rates of the procedure could
reverse this beneficial effect.

To address these scientific and
policy questions with a broad group
of stakeholders, the US Centers for
Disease Control and Prevention
convened a consultation in April 2007
to gain diverse input about the public
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health research agenda and to develop
public health recommendations

about the role of male circumcision
for prevention of HIV in the US.

The summary of the outcomes of the
consultation will be made available
later in 2007, via the Centers’ Division
of HIV/AIDS Prevention Web site
(http://www.cdc.gov/hiv/). m
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