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epidemic challenges
Emiola Oluwabunmi Olapade‑Olaopa, Mudasiru Adebayo Salami and Taiwo Akeem Lawal* 

Abstract 

Background:  Given the devastating mortality and morbidity associated with HIV/AIDS, many potential prevention 
measures against HIV infection continue to be explored. Most prevention methods are in the realm of sexual behavior 
change. However, of all aspects of human behavior, it is sexual behavior that is least amenable to change. Newer and 
simpler interventions are therefore required. Male circumcision, the surgical removal of some or all of the foreskin (or 
prepuce) from the penis, is one of the ways being promoted as a preventive measure. This paper reviews the scientific 
basis and evidence for the efficacy of male circumcision within the context of the global challenges involved.

Main body:  We reviewed articles with emphasis on male circumcision and HIV/AIDS transmission. Published 
abstracts of presentations at international scientific meetings were also reviewed.

Conclusions:  Current epidemiological evidence supports the promotion of male circumcision for HIV prevention, 
especially in populations with high HIV prevalence and low circumcision rates. Three notable randomized control 
trials strengthen the case for applied research studies to demonstrate that safe male circumcision is protective at the 
population level, particularly as ideal and well-resourced conditions of a randomized trial are often not replicated in 
other service delivery settings. Ethically and culturally responsive strategies in promoting circumcision in a culturally 
heterogenous world need to be developed, too. Male circumcision should also be viewed as a complementary meas‑
ure along with other proven approaches to turn the HIV/AIDS epidemic around.
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1 � Background
The global HIV/AIDS epidemic continues to grow 
despite global efforts aimed at stemming the tide. The 
UNAIDS 2016 AIDS epidemic update reported an esti-
mated 36.7 million (34.0–39.8 million) people as living 
with HIV [1]. This figure includes an estimated 2.1 mil-
lion (1.8–2.4 million) adults and children who were newly 
infected with HIV in 2015. Given the devastating mor-
tality and morbidity associated with HIV/AIDS, many 
intervention methods, preventive or therapeutic, are cur-
rently in use, while new ones are being developed. Proven 
prevention methods include abstinence, mutual monog-
amy, reducing number of sex partners, and correct and 
consistent condom use. Other available interventions 

are highly active antiretroviral therapy (HAART), short-
course antiretroviral therapies and cesarean section in 
preventing mother-to-child transmission, post-exposure 
prophylaxis, and treatment of sexually transmitted infec-
tions (STIs) [2]. Most prevention methods are in the 
realm of sexual behavior change. However, of all aspects 
of human behavior, it is sexual behavior that is least ame-
nable to change [3]. Newer and simpler interventions are 
therefore required. In spite of sub-Saharan Africa record-
ing a rise in the population of people living with HIV 
from 23.5 million in 2010 to 25.5 million in 2015, there 
was a decline in the rate of new infections from 1.6 mil-
lion in 2010 to 1.4 million in 2015 [1]. Although access 
to HAART has doubled over the period, the reduction in 
new infections per year has been partly attributed to the 
rollout of large-scale voluntary male medical circumci-
sion (VMMC) [4–7]. In fact, over the period, sub-Saha-
ran Africa recorded the largest proportionate decline 
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in new HIV infections. Male circumcision, the surgical 
removal of some or all of the foreskin (or prepuce) from 
the penis [8], is one of the ways being promoted as a pre-
ventive measure. This paper reviews the scientific basis 
and evidence for the efficacy of male circumcision within 
the context of the global challenges involved.

2 � Main text
2.1 � Scientific rationale
The foreskin is richly supplied with Langerhans and den-
dritic cells (target cells for HIV infection), and the inner 
foreskin epithelium is thin and poorly keratinized com-
pared to the dry external skin surface [9, 10]. The foreskin 
is also more susceptible to HIV infection in laboratory 
studies [11]. In contrast, the glans penis has a highly 
keratinized epithelium to protect it from trauma dur-
ing intercourse. Thus, unless gross lesions are present, 
the glans is a most unlikely site for HIV entry, unlike the 
foreskin that may be a route of entry of pathogens once 
injured [12] as well as provide a conducive environ-
ment for viral survival [8, 12]. Indirect factors may be a 
reduction in acquisition of other STIs, which in turn will 
reduce the acquisition of HIV. In particular, the higher 
rates of sexually transmitted genital ulcerative disease, 
such as syphilis, observed in uncircumcised men may 
also increase susceptibility to HIV infection [13]. More 
recently, the interplay of the mucosal environment, fibro-
blasts and dendritic cells and the loss of mucosal integ-
rity has been suggested as a possible mechanism for HIV 
invasion [14].

3 � The evidence
3.1 � Observational studies and reviews
The first paper suggesting a protective effect of male cir-
cumcision against HIV infection was published in 1986 
[15]. Since then, other cross-sectional, prospective, and 
ecologic (population-level) studies have identified lack 
of male circumcision as a risk factor for HIV infection. 
Some of these observational studies have observed that 
most men living in East and Southern Africa, the regions 
with the highest prevalence of HIV, are not circumcised 
[16–18]. The majority of these observational studies 
were cross-sectional, while a minority was prospective 
[19–24]. In a systematic review and meta-analysis of 27 
reports from different countries in sub-Saharan Africa, 
Weiss et al. [25] showed that male circumcision appeared 
to reduce the relative risk of HIV infection to 0.56. Also, 
among high-risk groups, such as STD clinic attendees, 
the relative risk was reduced to 0.29. In a prospective 
study of HIV-discordant couples in Uganda where the 
woman was HIV positive, there was no seroconversion in 
50 circumcised men compared to 40 seroconversions in 
137 uncircumcised men over a 30-month period, a highly 

significant difference (p = 0.004) [26]. Similar findings 
were reported from another study conducted in Uganda, 
controlling for viral load was significant, in addition to 
the circumcision status, in reduction of transmission 
rate in heterosexual and discordant couples [20]. This 
has been attributed to decreased viral shedding from cir-
cumcised men or reduction in ulcerative STIs acquired 
by female partners of circumcised men [27]. A Cochrane 
review that included stringent assessment of 10 potential 
confounding factors and was stratified by study type or 
study population was published in 2003 [28]. The review 
concluded that there was a strong association between 
male circumcision and prevention of HIV, especially 
among high-risk groups.

Ecologic studies have also shown a strong relation-
ship between circumcision status and HIV transmission. 
Countries in the Afro-Asian region with low circumci-
sion rates have a much higher prevalence of HIV infec-
tion when compared to countries with much higher 
circumcision rates [3, 29, 30]. Contrary reports include 
that of Garenne who observed that natural experiments 
in other settings like Tanzania and Cote d’Ivoire do not 
support the protective effects of circumcision [31]. He 
submitted that in Tanzania with multiple ethnic groups 
where circumcision status differs between groups that 
lived in urban and rural settings, there were no statisti-
cally significant differences between HIV prevalence 
among largely circumcised or largely uncircumcised eth-
nic groups. In addition, the argument that the large epi-
demic in Abidjan, Cote d’Ivoire, and surrounding areas in 
the late 1980s was largely due to the lack of male circum-
cision of the local ethnic groups is not supported by the 
rapid increase in HIV infection among migrant workers 
from Burkina Faso and Mali living in Abidjan, who were 
circumcised. Partial explanations for these inconsisten-
cies may perhaps be offered by recent work by Talbott 
using cross-country regression data from 77 countries. 
He argued that rather than the male circumcision being 
the key to slowing the AIDS epidemic, it is the number of 
infected prostitutes that is highly significant and robust 
in explaining HIV prevalence levels across countries [32].

3.2 � Clinical trials
To date three randomized, controlled clinical trials have 
provided firm evidence that adult male circumcision 
halves the risk of acquiring HIV. The study conducted 
in South Africa [33] was stopped in 2005 and those in 
Kenya [34] and Uganda [35] were stopped in 2006 after 
their interim analyses found that medical circumcision 
reduced male participants’ risk of HIV infection. In these 
studies, men who had been randomly assigned to the cir-
cumcision group had a 60% (South Africa), 53% (Kenya), 
and 51% (Uganda) lower incidence of HIV infection 
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compared to men assigned to the wait list group to be 
circumcised at the end of the study (Fig. 1).

Methodological arguments against these studies 
include sampling bias implicit in the South African study 
in using a pool of men who wanted to be circumcised 
leading to a possible self-selection [36]. Equally impor-
tant is the trial to assess the impact of male circumcision 
on the risk of HIV transmission to female partners from 
HIV-infected men, led by researchers at John Hopkins 
University, which reported that there was no significant 
difference in HIV acquisition rate from HIV-infected 
male spouses irrespective of circumcising the partners 
at inclusion into the study or not [37]. That study, which 
was conducted in Rakai, Uganda, had to be aborted early 
because of its futility [37]. Further studies have demon-
strated that while circumcision reduces the acquisition 
of STIs such as high-risk human papilloma virus infec-
tions by spouses of HIV negative men, the same benefit 
could not be replicated in studies conducted among HIV-
infected men and their partners [38, 39]. Furthermore, 
longitudinal evidence of the range of health benefits that 
male circumcision provides [40], modeling based on roll-
outs or expansion of VMMC [41–43], and cost-effective-
ness data in both North America [44] and Africa [4, 5, 41, 
42, 45, 46] provide further evidence to support the health 
benefits of male circumcision.

4 � HIV/AIDS epidemiology and male circumcision
Although the modes of HIV transmission varies in dif-
ferent parts of the world, male circumcision still appears 
to be beneficial beyond heterosexual transmission pat-
tern. Kreiss and Hopkins [47] and Buchbinder et  al. 
[48] in different cross-sectional studies reported a two-
fold increased risk of HIV prevalence or seroconversion 
among males having sex with males (MSM) associated 
with non-circumcision. This could be due to practice 
of mutual masturbation among MSM during which the 
infected ejaculate of one partner can come into contact 
with the other’s penis [3]. Some gay men also practice 
“docking”, where one man’s penis is inserted inside the 
foreskin of his partner, followed by mutual masturba-
tion [3]. The published literature on this subject to date 
has differed from one continent to the other since most 
researches in Africa had focused on heterosexual trans-
mission, while the major mode of transmission of HIV in 
the USA remains penile-anal intercourse in homosexual 
partners [49, 50]. Although one prospective cohort study 
of HIV-seronegative men found a doubling in the risk 
of HIV acquisition among uncircumcised men [48], the 
population-attributable fraction for this risk factor was 
only 10%. Also unknown is whether the effect of male cir-
cumcision differs by HIV-1 subtype (predominately sub-
type B in the USA and subtypes A, C, and D in Africa). 
This argument clearly applies to other parts of the world 
beyond Africa and indicates the need for further studies.
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Fig. 1  Comparison of the cumulative HIV incidence (percentage in Kenya and cases per 100 person years in South Africa and Uganda) between 
control (delayed circumcision) and intervention (immediate circumcision) groups in the three randomized control trials
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4.1 � Socioreligious factors in circumcision
About two-thirds to three quarters of the world’s males 
are uncircumcised, and there are substantial differences 
in circumcision rates and timing in different parts of 
the world [7, 51]. The prevalence of neonatal circum-
cision is influenced by religious affiliation, country of 
origin, ethnicity, residential area, maternal education, 
socioeconomic status, the type of health insurance, and 
the attitudes of parents and physicians [52–54]. Male 
circumcision is carried out around puberty in some cul-
tures as a preparation for manhood [3, 55–58]. Accept-
ability problems may clearly arise when introduced into 
areas where it is not yet popular. Westercamp and Bai-
ley [59] reviewed 13 acceptability studies done in sub-
Saharan Africa among non-circumcising communities 
and reported two-thirds of men favoring the procedure. 
Nearly 70% of women from the review would prefer their 
partners to be circumcised. Furthermore, 81% of both 
men and women were willing to circumcise their male 
children. Price, pain, and complications were universal 
concerns that need to be addressed in a rollout of male 
circumcision. There is a need to ensure that the proce-
dure is affordable to those who need it, that pain is mini-
mized through proper anesthesia, and that complications 
are limited by proper training, procedure, and over-
sight during implementation [60]. It is also noteworthy 
that 80% of eligible control participants in the Ugandan 
trial had agreed to be circumcised by the time the study 
was closed [35]. However, acceptability studies are still 
required in other parts of the world with a high burden 
of HIV, such as Southeast Asia, before implementation of 
such a program in these countries.

Related to the above are ethical issues regarding mass 
circumcision. Some authors have pointed to a need to 
address the ethics of compromising a child’s bodily integ-
rity for an issue that might not affect him for many years 
to come [60]. Or put in another way; is it ethical to circum-
cise infants and young children who cannot consent to the 
procedure? And is it ethical to circumcise everybody, even 
if many will not benefit from the intervention—for exam-
ple people who do not engage in risky sexual behavior or 
are HIV positive [61]? The answers to these questions will 
vary depending on the local, cultural, and religious prac-
tices and the reality of epidemiology of HIV/AIDS in each 
locality. As put forward by Benatar, a moral judgment has 
to be made considering local conditions [62].

4.2 � The procedure and its complications
Circumcision procedures vary, depending on the person 
operating and facilities available. Probably the simplest, 
safest, and least painful method of male circumcision is 
to use the disposable PlastiBell device [3]. The technique 
is currently being promoted throughout Bostwana, a 

country where male circumcision was previously univer-
sally practiced, but was abandoned during colonial rule 
[63]. Currently, Botswana has one of the highest rates of 
HIV infection in the world [3]. More recently, with large-
scale VMMC rollouts in Eastern and Southern Africa, 
and the more challenging technical requirements for the 
procedure, hemostasis and wound healing in adults, the 
use of devices to accomplish the procedure, safely, have 
become necessary. Such include in  situ devices (Shang 
Ring and PrePex) and circular disposable devices [64–69].

The reported complication rates vary widely, depend-
ing on the type of study (survey vs. chart review vs. pro-
spective), the age at which the procedure is done, the 
setting (medical facility vs. community), the person oper-
ating (physician vs. traditional practitioner), the type of 
instrument used, the level of sterility under which the 
surgery is done, the definitions of specific complications, 
and length of follow-up. In large studies of infant circum-
cision in the USA, complications rates range from 0.2 to 
2.0% [2, 8, 70]. The complication rate may be higher in 
adults and among those performed in traditional or non-
medical settings [2, 71]. Generally, the most common 
complications are pain, hemorrhage, infection, meatal 
stenosis, frenular ulcer, buried (trapped) penis, preputial 
adhesions, and incomplete or inadequate circumcision 
[8, 72]. It has therefore been suggested that circumci-
sions be practiced by those with basic surgical training 
on wound closure and maintenance of hemostasis [25, 
33–35]. Neonatal circumcision is procedurally less chal-
lenging, has fewer complications, and is cheaper than 
circumcision in adulthood [40, 44]. However, if male cir-
cumcision is applied only to neonates, it will take at least 
a generation before a population-level effect, on HIV pre-
vention, etc., occurs [60].

The effect of male circumcision on sexuality remains 
controversial [73–79]. Two studies clearly illustrate the 
controversy [77, 79]. Sorells et al. studied adult male vol-
unteers with no history of penile pathology or diabetes 
with a Semmes–Weinstein monofilament touch-test to 
map the fine-touch pressure thresholds of the penis [79]. 
They reported that circumcision is associated with the 
reduction in fine-touch sensation on the glans penis.

Circumcision, they submitted, ablates the most sensi-
tive parts of the penis. However, Payne et al. [77] studying 
penile sensation in sexually aroused subjects, and how 
arousal affects sensation found no differences in genital 
sensitivity between the uncircumcised and circumcised 
groups. Both studies perhaps illustrate the fact that struc-
ture may not always completely explain function.

4.3 � Counseling and education challenges
Along with the excitement attending the finding of male 
circumcision as a permanent preventive intervention that 
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can reduce the risk of HIV infection, the fact that it does 
not provide 100% protection should always be kept in 
focus. The challenge will be to learn how to convey the 
public-health message that, although circumcision reduces 
the risk of HIV, it is nevertheless necessary to advocate the 
use of condoms, because circumcised individuals are still at 
risk of infection [56, 61, 80].

5 � Conclusions
Current epidemiological evidence clearly supports the 
promotion of male circumcision for HIV prevention, espe-
cially in populations with a high HIV prevalence and low 
circumcision rates.

It is, however, important to dispel any belief of circum-
cision being as effective when applied in isolation of other 
behavioral changes or indeed as the complete answer to 
HIV prevention. Indeed the possibility of turning round 
the epidemic depends on the use of all known proven 
approaches in a consistent and focused manner. These 
approaches include HIV testing and counseling, diagno-
sis and treatment of STIs, promotion of condom usage, 
and behavioral change counseling toward promotion of 
abstinence and mutual monogamy, and the use of possible 
future-proven new methods like microbicides.
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