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Abstract

10years back it was revealed that medical male circumcision (MMC)has been used for preventing HIV, in different parts of the

world. This was on the basis of observations that foreskin removal gives up to 60%protection for HIV infection in males. Currently

this remains the most useful method short of antiretroviral therapy free prevention method to fight the global epidemic. Why MMC

is effective is considered here. It is thought that probably what follows the inflammation of the male genital tract (MGT), probably

for protecting against sexually transmitted infections (STIs)-induced pathology, possibly represents a best milieu for immune and

microbial changes that is required for getting HIV. The collection of HIV target cells in foreskin tissue along within urethra in response

to STI's during and following resolution of infection gives a suggestion that acquisition of HIV1 via sexual contact utilizes the natural

immune milieu of the MGT. Hence understanding immunity in the MGT, movement of HIV1 target cells to the urethra and foreskin

on coming across microbial signals would give more understanding in how HIV1 gets acquired in MGT which would help in adding

more strategies in males to halt the epidemic in all sexual partners being at risk of acquiring infection. Since HIV is more common

in females most of global approach has been revolving around finding how this occurs in females, which has left a lot of lacunae in

knowledge of this subject and getting more deep insight might help giving a balanced and complete knowledge on viral entry.
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Introduction

Roughly 35 million people who have HIV internationally live in
the Sub Saharan Africa (SSA), that roughly sums up over two third
of global HIV/AIDS infections. Further it involves adolescent girls
and young women disproportionately, with 58% of HIV occurring
in SSA involving women [1]. There are multiple factors explaining
this, like the presence of sexually transmitted infections (STI’s),
genital inflammation along with use of exogenous hormone con-
traceptives [2,3]. Besides that, other sociodemographic factors
like the difference in age of the 2 partners, imbalance of gender
power along with higher violence against women accounts for this
greater incidence in young women [2,3]. One question arises how
males get this HIV infection, with male to female transmission be-
ing likely to be the source of transmission in women. Men having
sex with men (MSM) have 19 times more chances of having HIV
as compared to general population [4], with this incidence increa-
sing in various parts of world [5]. Biologically what determines
male-male, male to female and female to male sexual networks in

greater transmission in high risk groups like adolescents and MSM

is not well known. High proportion of MSM in SSA is also reported
in recent female sexual partners [6]. Previously it was seen that
in early epidemic it was subtype B HIV1 which was found in MSM
community as compared to subtype C seen mostly in heterosexual
populations, which pointed to 2 different HIV subtypes present in
this population [7]. Recently studies in south Africa, Kenya and Se-

negal show that these observations have changed.

With MSM getting infected with same variants as the heterose-
xual populations [8-10]. Most reviews focus on female reproduc-
tion and how females acquire HIV, but little work has been done
on what influences development of HIV in males, possibly those
factors give a niche in the male genital tract (MGT) that helps in
acquiring HIV.

There is little HIV transmission risk per sex act between ma-
les and females, that just does not explain why such high HIV in-
cidence is there that has reached an epidemic proportion both
worldwide as well as in SSA. By a metanalysis a risk of developing

HIV by heterosexual contact in developed countries is 4 for inser-
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tive and 8 for receptive vaginal intercourse that is expressed per
10,000sexual exposures [11]. While in same analysis, a markedly
greater risk acquisition for the MSM population, the risk being 138
for receptive and 11 forinsertive anal intercourse per10,000 ex-
posures. This risk acquisition is not easy to determine in view of
heterogeneity in published data. A meta-analysis done in eastern
and southern Africa reported that both men and women are at a
greater risk of getting HIV via heterosexual contact as compared
to developed countries data; being 10 and 9/10,000 exposures, re-
spectively [12]. Question raised is why HIV epidemic is so high in
SSA. Do cofactors being biological as well as social explain this high
heterosexual transmission of HIV. One can’t explain this by single
factors; like age other sexually transmitted infections (STI), status
of circumcision, disease stage usage of antiretroviral drugs, viral
load, viral subtype all adding up to how good viral transmission
s [13]. Though understanding how HIV gets acquired in women
is important, that way one can understand what determines male
transmission. Although it is well known that medical male circum-
cision (MMC) is 56-61% efficacious for HIV prevention in males
[13-15], it is important to understand at structural and molecular
level how this circumcision helps in protecting against both HIV
and STL. This ancient ritual being so helpful, so one needs to exploit
the anatomy along with tissue of the uncircumcised penis. Under-
standing how HIV uses the MGT anatomy and environment to help

get access in males is important.

Barrier provided by Foreskin Integrity and Immunity

The foreskin appears to be an important point from where en-
try of HIV takes place in MGT in view of protection conferred by
circumscision. Penile urethra and the testes represent the impor-
tant parts of MGT which are lined by simple as well as stratified
epithelium [16]. Though foreskin is not necessary for penile func-
tioning normally, it is believed to offer some physical and immuno-
logical protection, to the sensitive glans penis [17]. This foreskin
is a common point of entry of STIs and gets abraded during coitus,
that possibly leads to inflammation along with resident HIV target
cell exposure making it an important immunological area of MGT
[18]. Just like HIV evolved to make use of lymphoid structures for
propagating effectively in the body systemically, in the same way
HIV uses the structures both in the foreskin along with urethra and
the underlying immune cells, to get access into lymphoid structu-

res along with systemic circulation.

Anatomically foreskin is made up of a double layer of stratified
epithelium which contain squamous keratinocytes which cover
the glans/corona along with the meatus of a flaccid penis [18].
It is thought that once most of foreskin epithelium gets removed
via circumcision it=> a dry Kkeratinized epithelium of the glans/
corona which is thought to be more resistant to micro abrasions
during coitus and limits the chances of HIV to contact target cells
which reside in epidermis and dermis, as compared to the moist

mucosal epithelium of the glans/corona that is covered by the fo-
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reskin in uncircumcised men [19]. The keratin layer gives the 1st
line of innate defense against infection of the penile tissues thou-
gh differences in opinion occur regarding the degree of foreskin
keratinization, and thickness of keratin between inner and outer
foreskin tissues in various studies published on this subject [20].
A retraction of foreskin occurs in an uncircumscised penis at the
time of erection, that exposes the glans penis along with the inner
foreskin, that are considered to be greater susceptible to get viral
entry as compared to other penile tissues [21]. Explant studies
have supplied this information, showing that the inner foreskin
shows greater inflammatory cytokine production and HIV target
cell activation, as compared to the outer foreskin which lead to the
conjuncture that HIV target cells in the inner foreskin have increa-
sed interaction with external factors [21,22]. At the time of coitus,
the inner foreskin gets exposed to vaginal and/or rectal secretions,
being susceptible to micro abrasions, which probably creates extra

portals of entry.

It was demonstrated that in the foreskin high density of the HIV
target cells, [23,24] along with greater density of CD4+Tcells and
langerin expressing Langherham cells (LCs) were present in the in-
ner in comparison to the outer foreskin [24,25]. An inflammatory
immune microenvironment” with in the foreskin was described by
Prodger, et al, where they showed that there was an upregulation
of HIV coreceptors on CD4+T cells along with raised production
of inflammatory cytokines, TNF-a, and IFN-y by CD8+Tcells [26].
Similarly, Lemos,, et al. suggested that the protective effects of cir-
cumcision might be secondary to removal of inflammed tissue whi-
ch is not only permeable to HIV but would possess a greater den-
sity of HIV target cells [27]. Stratified epithelium seen on surfaces
is exposed to environment, which is made up of multiple layers of
epithelial cells, that form a physical barrier for external pathogens
[28]. Increased numbers of immune cells, like LC’s which serve as
specialized antigen presenting cells, are specifically present in the
stratified squamous epithelium [29]. They have been seen in the
upper layers of the epidermis and are proposed as being the 1st
line of cells which come into contact with HIV, on infection [30].
The other target cells of HIV like CD4+Tcells, dendritic cells (DC’s)
[31,32], and macrophages which express C type lectins, that are
present in the lower dermis. gp120 subunit of HIV Env binds the
C type langerin which h is expressed by circulating LCs after whi-
ch virus either gets internalized and degraded or transferred to
CD4+Tcells, based on the viral load [25,33]. DC’s express the C type
lectin DC sign, that is also able to bind to gp120, which might help
in transfer of HIV -1 from DC’s to CD4+T cells [31,32]. Macrophges
can selectively capture HIV-1 infected CD4+Tcells that=>infection
and efficient transfer of HIV 1 from cell to cell [34]. Such cells are
observed in surfaces typically like the meatus (distal end of peni-
le urethra), fossa navicularis (opening), and foreskin [35]. While
stratified squamous epithelium spans the exterior of the glans
penis and foreskin and transitions into nonkeratinized stratified

squamous epithelium in the fossa navicularis [16].
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Figure 1: Courtesy ref 88 Factors affecting HIV infection of the male genital tract. (A) The foreskin consists of a double layer
of stratified epithelium that covers the glans/corona and meatus of a flaccid penis. (B) Circumcision results in the removal of the
majority of the foreskin epithelium leaving a “dry” keratinized surface that is assumed to be resistant to HIV infection. Non-STI
genital microbial populations have been shown to modulate genital inflammation through the antigen recognition, which may
result in migration or activation of HIV target cells into the foreskin. Circumcision results in a removal of the moist sub-preputial
space and decrease in anaerobic bacterial species, which are likely pro-inflammatory. (C) The foreskin is a stratified epithelium
consisting of six epidermal layers namely stratum corneum (SC), stratum granulosum (SG), stratum spinosum (SS), and stratum
basale (SB). HIV virions crosses the keratinized (light brown) epithelial border through micro abrasions that occur during sexual
intercourse or through the formation of viral synapses between HIV-infected cells and epithelial cells [20]. Langerhans’ Cells (LCs)
reside within the epidermis where they are the first to encounter the virus [21]. Activated LCs migrate into the lower dermal
tissues, transferring the virus to resident dermal immune cells such as T cells, macrophages, and epithelial dendritic cells (DCs).
Dendritic cells act as professional antigen presenting cells, phagocytosing virions, and migrating to the draining lymph nodes whe-
re they present HIV antigens to immature T cells and B cells [22]. Intact virus can be trafficked into the lymph nodes by DCs and
transferred to CD4+ T cells [23] where the virus replicates and is disseminated throughout the body [24]. Asymptomatic STIs do
not present clinically but inflammation still occurs on a cellular level. The release of pro-inflammatory cytokines by keratinocytes
and dermal immune cells in response to an STI would result in recruitment and activation immune cells to the site of infection.
This inflammatory environment would result in an accumulation of HIV target cells and therefore increase the efficiency of viral

transmission in the case of an HIV infection.
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How MMC and other STI’s affect HIV Risk

MMC studies showed that strong protection was conferred by
circumcision on reducing HIV risk [13-15], although same data was
not obtained as convincingly for STI's. In the trial done in Uganda
it was shown that MMC carried out in adolescents’ boys along with
men lead to a decrease in genital ulcerative disease (GUD) [36]. Al-
though both Ugandan and south African trials reported a marked
decrease in herpes simplex virus-2(HSV-2) acquisition, the Kenyan
trial did not show much decrease in HSV 2 occurring following MMC
[36], which gave a suggestion that reduced HIV infection following
MMC was independent of both HSV2along with GUD [37]. While it
was found by Weiss., et al, that MMC markedly decreased the risk of
chancroid and syphilis, but only weakly decreased HSV2 infection
[38]. It was thought that probably the moist, warm area under the
foreskin increases pathogenic growth and that good hygiene of the
prenuptial space between the foreskin and glans penis was associ-
ated with lesser HIV occurrence. Thus, the dynamic environment
in this space influences HIV risk [39,40], with removal of this niche
for these particular pathogens protects more commonly diseases
which are associated with lesions that occur in foreskin tissue like
chancroid as compared to lesion occurring as a result of syphilis
and HSV2, both that are present more widely across male gentalia
[41]. Further the Kenyan trial showed that no effect on acquisiti-
on of neisseria gonorrhea (NG), Chlamydia trachomatis (CT)and
Trichomonas vaginalis (TV) was observed thus showing that MMC
doesn’t protect against non-ulcerative genital disease (NUD) [42].
Although epidemiological studies point to some reduction in risk of
cervical neoplasia following circumcision [43,44], other observati-
onal studies gave an inconsistent role of circumcision in decreasing
HPV transmission to female partners [45,46]. The Ugandan trial
showed a reduction in penile HPV carriage [47]. Though controver-
sial [48], asome studies showed greater prevalence of HPV Infecti-
on in un circumcised males [49]. Hernandez., et al, further showed
circumcision instead of increasing risk of HPV acquiring, decreased
clearance of both oncogenic as well as nononcogenic forms of the
virus [50]. Thus, more occurrence of HPV In uncircumcised males
might be secondary to longer duration of infection instead of incre-
ased acquiring [50] which emphasizes on how one needs to consi-

der pathogen specific factors in the epidemiology of STIs in males.

Though inconsistencies are there on efficacy of MMC in de-
creasing risk of other STI’s, evidence is there regarding reduction
in GUD. What mechanism is there by which it might or might not
impact occurrence of HIV occurrence is not well known. Possibly
mucosa disruptions occurring due to ulcerative STIs add to the
efficacy of HIV infection since that helps in recruitment along with
activation of HIV target cells which are resident and migrate to fo-
reskin tissues [27]. Donovan.,, et al. showed that this inflammatory
effect might persist following clearance of infection by finding a
greater% age of HIV target cells in the foreskin of men having a his-
tory of STIs in contrast to those without history of STIs [51]. One
reason why circumcision is protective and coordinating occurren-
ce of HIV and other STIs was given by Sbazo,, et al, suggesting that
it is decrease in vascularized frenulum, that is at risk of trauma

during coitus along with ulcerative lesions [52].
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Asymptomatic STIs and HIV risk

STD’s increase the risk of acquiring HIV, while preexisting STIs
increase the risk of acquiring HIV by 2-3 fold [53], with ulcerartive
STIs giving even greater larger risk as compared to non-ulcerative
STIs. Thus, a strategy was made to treat STI, to prevent HIV infec-
tion, where there is prevalence of both HIV and STIs. An RCT done
in Mwanza, Tanzania showed a 38%decrease of HIV, after treating
STIs [54]. But these findings not reproduced in next 9 RCTs, with no
significant decrease of HIV incidence following therapy for symp-
tomatic STIs [55]. To consider this syndrome based approach In
STI might underscore the importance of subclincal inflammation
as asymptomatic and nonulcerative and nonulcerative STIs which
may add to HIV susceptibility. Irrespective of visible ulcerations,
HSV 2has been associated with 3fold increased risk of acquiring
HIV [56].

In a case of HSV2 positive following successful treatment
with acyclovir, where there was increased expression of mucosal
CCR5+CD4+Tcells remaining at the place of herpetic ulcers much
long following clearance of the infection [57]. This implied that
once immune activation occurs it =>persistence of HIV target ce-
lls in the MGT, long after HSV2 resolution. In Ugandan men having
asymptomatic HSV2, Prodger,, et al, found a greater proportion of
HIV target cells CCR5+Tcells in the foreskin of asymptomatic men
having HSV2 [58]. Thus both asymptomatic or cleared HSV2 mi-
ght increase susceptibility of the foreskin to HIV infection. Additi-
onally, besides increased density of HIV target cells, asymptomatic
HSV was associated with reduced expression of the epithelial junc-
tional protein claudin in the foreskin, which creates an epithelial
barrier that is compromised, and that might be more susceptible
to HIV -1 infection [59]. Utilizing genital epithelial monolayers
showed that exposure to HIV-1 directly impairs the integrity of
mucosal barriers, by disrupting the mucosal barrier via disruption
of tight junction markers, namely ZO-1 and occulin which increa-
ses HIV exposure/confection with any other STI, with the resultant
epithelial cell induced inflammation [60], might be another way by

which HIV enters the target cells in the genital submucosa.

Effect of Microbiome of Penis on Integrity of Inmune System

This correlation has been well documented in the intestine
[61,62], while it is under research in skin [63,64]| Circumcision
changes the prevalence along with diversity of the microbiota in the
penis, which seems to be a possible mechanism by which circum-
cision protects against HIV [65,66]. It Is believed that Non -STI-ge-
nital microbial populations regulate genital mucosal inflammation
via antigen recognition and hence increase HIV risk through acti-
vation of HIV target cells [67,68]. It was demonstrated by Price., et
al, that microbes of coronal sulcus, which is the junction between
the shaft and glans of penis, mainly are made up of anaerobes along
with vaginal taxa before circumcison, while it changes to mainly

anaerobes and skin taxa following circumcison [66].

Citation: Kulvinder Kochar Kaur, et al. “How does HIV Gain Entry into Male Genital Tract-Utilizing knowledge from Male Medical Circumcision Trials - A

Minireview”. Acta Scientific Microbiology 2.2 (2019): 09-16.



How does HIV Gain Entry into Male Genital Tract-Utilizing knowledge from Male Medical Circumcision Trials - A Minireview

Different microbes were present in another study in coronal
sulcus of circumcised and un circumcised males [67]. But on 1st
pass urine no difference was found between the microbes, reflec-
ting urethral microbiome is same in men before and following cir-
cumcision, which showed that circumcision had no effect on ure-
thral microbes [69]. It is the wet sub preputial space underneath
the foreskin which gives an anoxic environment which harbours
anaerobic species [66,70]. Mainly anaerobic vaginal bacteria whi-
ch are associated with bacterial vaginosis (BV) in women raises
the inflammation along with HIV susceptibility [71,72] in female
genital tract [71,72]. Circumcison is related to a decrease in BV in
female partners [73,74], along with decrease in anerobic bacterial
species that colonize the coronal sulcus [6]. Since the foreskin co-
vers the urethral opening in most of uncircumcised men, in the sub
preputial space proinflammatory microbe community might have
a knock -on effect on other probable points of entry of HIV [70].
Thus, it was hypothesized that anaerobes of uncircumcised penis
are thus proinflammatory and cause a migration or activation of
HIV target cells into the foreskin [66], thus increasing the chances
of HIV infection via the urethra and foreskin of uncircumcised men
[19].

HIV exploitation of the MGT

Role of subclinical inflammation in raising the chances of in-
fection of the foreskin to HIV infection is not clearin developing
countries. There usually a syndrome type approach is kept for
managing STI. Commonly asymptomatic STIs like CT and NG are
very high in high risk MSM cohorts [75,76], though prevalence
of same in general population is not well known. This asympto-
matic STIs occurring in men might drive increased proinflamma-
tory cytokines along with chemokines in foreskin tissue and the
urethra, hence recruiting activated HIV target cells to the site of
infection. Endocervical epithelial cells are thought to be initial ni-
che for Chlamydia infection that is mainly asymptomatic STI [77].
This Chlamydia infection =>an inflammatory cascade =>influx of
HIV target cells because of release of proinflammatory cytokines
by epithelial cells [93]. It was demonstrated by Buckner, et al, that
HIV infection of CD4+CCR5+ cells lines is increased by exposure to
supernatant from Chlamydia infected epithelial cells. This proves
that Chlamydia infection might facilitate viral infection in the local

environment [79].

Hence it is proposed that asymptomatic STI's increase the risk
of HIV infection via subclinical inflammation which get modula-
ted by epithelial dysbiosis. The inflammatory events in the MGT
following STI infection occur as a natural consequence for protec-
tive immunity around the penile tissue. But this subclinical inflam-
mation occurring in the foreskin/urethra of uncircumcised males
and urethra of circumcised males acts as a perfect niche for HIV1
to exploit in getting a successful productive infection. Just like the
FGT and all mucosal surfaces, innate immune defenses like mucus
production, pattern recognition receptors and antimicrobial pepti-

de production are present in MGT [16]. Penile immunity seems to
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be very active in the FS, urethra and within epithelial tissues [80]
and it seems likely that immune production within the MGT is a
big survival advantage to the host and is used thus for a survival
benefit by HIV1.

Conclusions

Thus it is clear that MMC is an effective method for preventing
heterosexual transmission of HIV [81,82], which has been shown to
be more effective than any other strategy like treating STI infecti-
ons, any vaccines or use of any antimicrobial drugs [23]. The com-
plication rate following MMC was low, as seen after the MMC trials
being 1. 7 and 7. 6% and were mostly very minor [83,84]. Problem
is traditional circumcision which had been done I nonclinical set-
tings ranging from 20-80% in east and south Africa which is associ-
ated with serious complication rate [85]. WHO reports. 1millionM-
MC in south Africa traditional circumcision more common in these
areas Based on both cultural and current health services capacity
[85]. One needs to work more on this effect of traditional circum-
cision as it is still very common in these areas on HIV transmission
rates along with acceptance of MMC in these communities only be-

ing traditional one.

The mechanism by which HIV gets access to the MGT is not
clearly understood. Circumcision is an effective strategy to prevent
HIV, still 40% of men remain unprotected following circumcision,
with condom usage being still regarded he best HIV prevention me-
thod, allow accepted globally in a very limited way [86,87]. Why
MMC is effective points to that removing the foreskin decreases
the natural environment niche for acquisition of HIV1 in the MGT
[88]. Still there are lot of lacunae in view of limited access to peni-
le tissue concerning the mode of transmission in males other than
foreskin. Further studies have tried to explain on the basis of MGT
architecture, where subclinical inflammation along with microbial
dysbiosis can be used for getting knowledge to further develop in-
tervention strategies which can prevent acquisition. Additionally, a
multidisciplinary approach involving the biology of transmission
along with acquisition with the identity of sexual networks betwe-
en MSM and heterosexual populations is a possible way of under-

standing this HIV1 epidemic and ways to stop this transmission.
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