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1. Introduction

Approximately 2.5 million people worldwide became infected
with HIV-1 in 2007 (UNAIDS, 2008). Despite downward trends
in some countries, HIV-1 incidence remains high across much of
Sub-Saharan Africa. In most communities affected by generalised
HIV-1 epidemics, access to antiretroviral therapy (ART) is lim-
ited to those with advanced disease (Gilks et al., 2006), leaving
large numbers of undiagnosed and untreated individuals at risk
of transmitting HIV-1-1 to their sexual partners and offspring. At
the current rate of growth of the HIV-1 epidemic, in addition to
the increasing human toll, the costs of care of this growing popula-
tion will become unsustainable (UNAIDS, 2008). Although condom
use and behavioural interventions are capable of reducing sexual
HIV-1 transmission, acceptance of these measures has been insuffi-
cient at a population level to lead to a sustained reduction in HIV-1
incidence (Mayer et al., 2008; Jewkes et al., 2008, 2006). The only
proven prevention intervention is male circumcision (Auvert et
al., 2005; Mills et al., 2008; Quinn, 2007; Weiss, 2007) although
its wide scale implementation will be challenging (Sawires et al.,
2007).

Understanding the key factors involved in the mechanisms
underlying HIV-1 transmission may provide valuable incite into
enhancing transmission prevention strategies. In this article we aim
to review the principle factors that determine the sexual transmis-
sion of HIV-1 (Figs. 1 and 2).

2. Characteristics of sexually transmitted HIV-1-1 variants

In general a homogeneous (Zhu et al., 1996; Keele et al., 2008),
CCR5 using (Roos et al., 1992) non-syncytia forming variant of HIV-
1 is preferentially transmitted sexually to a new host. Homogeneity
of the transmitted variant is due to either a bottleneck in the trans-
mitting person and/or selective amplification of one specific strain
in the recipient (Frater et al., 2006). Although rare, transmission of
a CXCR4 coreceptor utilising HIV-1-1 variant can occur (Brumme et
al,, 2005). Whilst many studies have focused on trying to identify
the ‘gatekeeping’ mechanism restricting transmission of CXCR4-
utilizing virus this is not well understood it has been proposed
that, the selective transmission of CCR5-using HIV-1 results from
the superimposition of multiple imperfect gatekeepers (Margolis
and Shattock, 2006) or the selective expansion of CCR5 viruses at
the level of interaction between dentritic cells and activated T cells
(Yamamoto et al., 2009).

The characterization of full-length genomes from recently trans-
mitted viruses show that transmitted viruses conceal coreceptor
binding surfaces of the envelope bridging sheet and variable loop
and these mutate rapidly following the successful establishment
of infection in a new host (Salazar-Gonzalez et al., 2009; Lee et al.,
2009). Whilst most transmissions result from a single infectious
unit, multiple HIV-1 variant transmissions are not uncommon,
suggesting that there may be important mechanistic differences
between these groups (Abrahams et al., 2009). In support of the lat-
ter, distinct populations of infected cells have been found at sites
of mucosal transmission, and local proliferation of these cells is
required for seeding of distal lymphoid tissue to establish systemic
infection (Miller et al., 2005).

Whether cell-free or cell-associated virus in genital secretions
(measured by HIV-1 RNA and DNA, respectively) is responsible for

transmission (Coombs et al., 2006; Patterson et al., 1993; Mostad
and Kreiss, 1996) and whether this differs for vaginal, rectal and
oral transmission (Baeten and Overbaugh, 2003) is uncertain. Both
forms have been found in seminal and vaginal secretions and can
transmit onward infection in non-human primate studies (Mostad
and Kreiss, 1996; Baeten and Overbaugh, 2003; Coombs et al.,
1989).

3. Mucosal transmission events
3.1. The initial cellular targets of infection

It is likely that the initial cellular targets for HIV-1 after mucosal
inoculation are either activated CD4"* T cells, dendritic cells (DCs)
or macrophages (Gupta et al., 2002; Zaitseva et al., 1997). The intact
thick epithelium of vagina (Gupta et al., 2002), ectocervix (Asin et
al.,, 2009), foreskin and rectum (Meng et al., 2002) is interspersed
with activated CD4 and CCR5 expressing and immature Langerhans
cells(Zaitsevaetal., 1997), all susceptible to HIV-1 infection. Genital
DCs lie within the subepithelial lining and are potent antigen pre-
senting cells that may express a surface adhesion molecule known
as dendritic cell-specific intracellular adhesion molecule-3 grab-
bing non-integrin (DC-SIGN) (Geijtenbeek et al., 2000; Geijtenbeek
and van Kooyk, 2003; Jameson et al., 2002). This adhesion molecule
binds and internalizes HIV-1 virions, generally in the absence of
productive DC infection, a process that may induce DC activation,
maturation and migration to the submucosa and/or regional lymph
nodes, where DC-associated antigens are presented to CD4* T cells
and productive infection may occur (Gupta et al., 2002; Asin et al.,
2009; Geijtenbeek et al., 2000).

In an ex vivo model of the vaginal epithelium, transmission
via activated CD4* T cells appeared to be more efficient than
through Langerhans cells or directly to dendritic cells (Sugaya et
al., 2004; Hladik et al., 2007). Tissue explant models have iden-
tified that the ectocervix is an important site to be considered
in heterosexual transmission of HIV-1 (Gupta et al., 2002). It has
been observed that it is more conducive to HIV-1 replication
than is the endometrium and interleukin-6 (IL-6) enhances HIV-
1 transcription at this site. Thus, regardless, it is likely that any
natural or external factors that increase the number of genital
mucosal DCs or activated CD4* T cells will increase the probabil-
ity of HIV-1 acquisition after exposure. Finally, sexual transmission
of HIV-1 in men who have sex with men (MSM), viral entry by
transcytosis through single columnar epithelial cell layer is a mech-
anism of virus entry in the intestinal and rectal mucosa but has
not yet been proved in the female genital tract (Meng et al.,
2002).

3.2. The integrity of the epithelial surface

This determines virus access to the submucosal compartment.
This can be disrupted by the presence of STI in particular geni-
tal ulcer disease (Hayes et al., 1995; Abu-Raddad et al., 2008a,b)
thereby enhancing HIV-1 transmission. However, effective trans-
mission can occur in the absence of breaches in the mucosal
epithelial surface. The relative fragility of the rectal mucosal epithe-
lial layer may account for the observed enhanced risk of HIV-1
transmission following receptive anal intercourse (RAI) compared
with the female genital tract.
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Fig. 1. Viral entry and dissemination during the sexual transmission of HIV-1. (A) Interactions of HIV-1 envelope glycoproteins, CD4, and CCR5 or CXCR4 coreceptors trigger
fusion and entry of HIV-1. (B) Outline of the sequence and time course of events involved in viral dissemination.

Adapted from Shattock and Moore (2003)37.

4. Biological factors influencing sexual transmission of
HIV-1-1

4.1. HIV-1 plasma viral load of infected donor

Data from studies of African heterosexual HIV-1-serodiscordant
couples identified that HIV-1 plasma viral load (VL) is the single
most important determinant in predicting transmission; with min-
imal risk of onward transmission of HIV-1 when the index case
plasma VL remains below 1500 HIV-1 RNA copies/ml (Quinn et al.,
2000; Wawer et al., 2005; Gray et al., 2001) and each plasma VL
logq¢ increment associated with a 2.5-fold increase in the risk of
transmission (95% CI 1.85-3.26)(Gray et al., 2001). It is not known
whether this transmission dynamic is applicable to non-African
settings or to MSM. When plasma VL is below 1500 copies, the
accuracy of plasma viral load as a proxy for genital shedding or
transmission is uncertain (Wawer et al., 2005). For those with an
undetectable blood VL (due to ART) up to 20% of men (Krieger et
al., 1991; Coombs et al., 2003), and women (Gunthard et al., 2001;
Mbopi-Keou et al., 2000) have detectable virus in the genital tract.
HIV-1 disease progression does not reliably influence the associa-
tion between pVL and seminal VL. Research is needed to determine

the degree to which plasma VL as well as seminal VL predict HIV-
1 transmission. This may explain why even with low viral loads
in semen (<5000) transmission can still occur (Lorello et al., 2009;
Diem et al., 2008; Kalichman et al., 2008). However, HIV-1 trans-
mission was not observed from HIV-1 discordant couple studies
in individuals with plasma VL <400 copies HIV-1 RNA copies/ml
(Castilla et al., 2005; Barreiro et al., 2006). Although the risk of
onward transmission of HIV-1 in the presence of a plasma VL<50
copies HIV-1 RNA copies/ml is low it is not necessarily zero (Wilson
etal., 2008) as the Swiss statement suggests (Vernazza et al., 2008).

4.2. Stage of infection of the HIV-1 positive index case

4.2.1. Both early and late stage infection have been associated
with enhanced HIV transmission

Primary HIV-1 infection (PHI) represents the first 6 months fol-
lowing HIV-1 acquisition, and is characterised by a short lived but
very high plasma, oropharyngeal and genital tract VL (Pilcher et al.,
2004, 2007). The high level VL confers a marked enhanced risk of
onward transmission to sexual partners exposed during this period.
Added to this there appear to be specific characteristics of recently
transmitted viral variants that make them particularly efficient at
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onward transmission at a time when most individuals continue
with high-risk sexual practices unaware of their changed HIV-1 sta-
tus. For the majority of individuals such unchecked high level viral
replication is short lived lasting 3-5 months at most and hence the
impact of this stage of disease on overall transmission of HIV-1 at
a population level is uncertain. A large study of heterosexual HIV-1
serodiscordant couples in Rakai Uganda showed that the proba-
bility of HIV-1 transmission per coital act was 8-10 times more
likely in the first 5 months after HIV-1 acquisition of the index
case than during the asymptomatic stage of infection (Wawer et
al.,, 2005). Extrapolation of these data to MSM populations maybe
inaccurate due to differences in per coital act risks between vagi-
nal and anal sex. A more recent analysis of the Rakai data suggests
that PHI maybe up to 26 times more infectious than asymptomatic
chronic disease (Hollingsworth et al., 2008).

Further support for a role of PHI derives from phylogenetic
and epidemiologic analyses of viral sequences taken from recently
transmitted HIV-1 variants in MSM populations; studies from the
Quebec primary infection cohort (Brenner et al., 2007, 2008) and
MSM populations in the UK (Pao et al., 2005) and US (Jacquez et al.,
1994; Xiridou et al., 2004; Pinkerton, 2007) have linked between a
24-49% of cases with identified recent infection to other PHI cases.

4.2.2. End stage disease

Anindependent role for late stage disease in HIV-1 transmission
risk has also been found when defined as the 6-35 months period
prior to death (Wawer et al., 2005) but not as CD4 < 200 cells/l (Abu-
Raddad et al., 2008a,b).

The relative contribution made by disease stage reflects both
the maturity of the HIV-1 epidemic within that population as well
as the rate of partner change through the different stages of dis-
ease. Mathematical models (Hollingsworth et al., 2008; Fraser et

al., 2007) show that within populations with high rates of part-
ner change PHI may contribute up to 31% of all new transmissions.
However, if such a population have much slower rates of partner
change or were serially monogamous then the relative contribu-
tion of PHI becomes much less, contributing only 9% of onward
transmissions (Fraser et al., 2007). The impact of concurrent rela-
tionships has not been fully explored and other models have not
identified any one stage of disease as contributing more to the
overall transmission (Abu-Raddad et al., 2008a,b).

4.3. Sexually transmitted infections (STIs)-specifically genital
ulcer disease (GUD)

STIs facilitate HIV-1-1 transmission by increasing both infec-
tiousness (Gray et al., 2001; Korenromp et al., 2005) and HIV-1
susceptibility (Reynolds et al., 2004; Freeman et al., 2006; Wawer
et al., 2005). The largest effect being associated with genital ulcer
disease (Wawer et al., 2005; Gray et al., 2001; Sheffield et al., 2007;
Moriuchi et al., 2000; Mbopi-Keou et al., 2000; Mbopi-Kéou et
al,, 2003), gonorrhoea (Macdonald et al., 2008), infectious syphilis
(Bichacz et al., 2004) and Trichomonas vaginalis (McClelland et al.,
2007; Van Der Pol et al., 2008). The mechanisms are multifactorial
and are described in Table 1.

Cofactors increasing the risk of HIV-1 acquisition in women
include vaginal candidiasis (Hester and Kennedy, 2003), cervical
ectopy (Clemetson et al., 1993) and during menses (Brewer et al.,
1998). Bacterial vaginosis (BV) (Myer et al., 2005) has been associ-
ated in cohort but not discordant couples analysis and Pregnancy
vice versa (Gray et al., 2005; Morrison et al., 2007a,b).

Oral hormonal contraception (Morrison et al., 2007a,b; Lazzarin
et al., 1991), depot medroxyprogesterone acetate contraception
(Morrison et al, 2007b) and copper intrauterine device use
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Table 1
Mechanisms in which STI may enhance HIV-1 transmission.
Sexually transmitted infection Reference
Breach epithelium Genital ulcer disease (primary syphilis, HSV-2) &
Monocytes recruitment increasing levels CCR5 expression Genital ulcer disease 7
Increased proinflammatory cytokines/immune activation locally Genital ulcer disease 2
Increased HIV-1 genital shedding Genital ulcer disease, gonorrhoea T

(Morrison et al., 2007b) have not been associated with HIV-1
transmission, however, there is biological plausibility for hormonal
contraception which may increase infectiousness in HIV-1-infected
women by increasing HIV-1 shedding in the genital tract (Baeten
et al., 2007) and this is supported by studies of female primates
treated with progesterone (Marx et al., 1996).

Three randomized, controlled clinical trials in South Africa,
Kenya, and Uganda have shown that circumcision of HIV-1-
negative adult males reduces their risk of acquiring HIV-1 infection
through penile-vaginal sex by 60% Auvert et al., 2005; Bailey et
al., 2007; Gray et al., 2007a,b). This may be due to a reduction in
penile trauma following sex or a reduction in the number of target
cells available. However, circumcision of HIV-1-infected men did
not reduce HIV-1 transmission to female partners over 24 months;
this is in part thought to be due to exposure prior to circumcision
wound healing (Wawer et al., 2009). The effect of circumcision for
HIV-1 prevention programs in other countries and anal sex are less
clear.

5. Behavioural factors affecting transmission
5.1. Number and nature of sex acts

The frequency, nature and duration of sexual exposure play a
critical role in determining transmission of HIV-1 (Nicolosi et al.,
1994; Saracco et al., 1993; Siriwasin et al., 1998). Increased dura-
tion of a relationship, higher number of sexual partners, and higher
frequency of sexual contact have been associated with transmis-
sion (Mastro and Kitayaporn, 1998; Grant et al., 1987; Giesecke et
al., 1992). However, the relative contribution of each of these factors
governing seroconversion remains unclear.

Estimates of per contact risk of transmissions for each sex act
vary widely. Discrepancies in estimates may reflect different risks
of HIV-1 transmission between populations including biological
(STIrates; circumcision, behavioural, random chance or insufficient
sample sizes to identify a true difference.

All studies show that unprotected (UP) anal intercourse (Al) is
more risky than vaginal sex (VI) and that receptive sex is riskier than
active sex (Gray et al., 2001; Macdonald et al., 2008; De Gruttola et
al.,, 1989; Grant et al., 1987).

Several biological mechanisms could explain the higher rates
of male to female versus female to male transmission. Among
them are the larger anatomical surface area and higher numbers
of vulnerable cell types present in the vagina compared to the
penis, greater degree of epithelial disruption, hormonal influence,
and higher rates of symptomatic STIs in women. Recent observa-
tions suggest that components of semen, specifically amyloid fibril
derived peptides can substantially enhance HIV infectivity (Miinch
et al., 2007) which may also help explain the increased risk of HIV
acquisition through receptive penetrative sex. Compared to the
mucosa of the mature vagina or cervix, rectal mucosa is more sus-
ceptible to traumatic abrasions (Levy, 1993) and lacks the protec-
tive humoral immune barrier present in cervicovaginal secretions
(Belecetal., 1995). However, it is not clear that women are in fact at
higher risk than men of acquiring HIV-1-1 from an infected partner
in a discordant relationship. This will be one of the critical findings
of the HPTN 052 study currently underway (HPTN 052).

6. Behavioural approaches to reduce HIV-1 transmission

Interventions to reduce unprotected sexual contact ‘unsafe
sex’, target both HIV-1-negative (primary prevention) and HIV-
1-positive individuals (secondary prevention). These include
counselling to encourage behaviour change (increased condom
use (Gorbach and Holmes, 2003), decreased numbers of sex-
ual partners and abstinence). Condoms protect against STI and
HIV-1 (Royce et al., 1997; Pinkerton et al., 1998; Malamba et
al., 2005a,b; Ryder et al., 2000; Hanenberg et al., 1994). Con-
dom use can vary according to type of sex (e.g. receptive Al
as opposed to insertive Al), knowledge of partners HIV-1 sta-
tus, receipt of HIV-1 positive diagnosis (Malamba et al., 2005a,b)
or to balance conception desires with HIV-1 prevention (Ryder
et al, 2000; Hanenberg et al., 1994). Partnership dynamics
such as emotional closeness, communication, relationship prob-
lems and domestic violence (Burke et al., 2005; Dunkle et al.,
2004) have also been associated with increased risk of HIV-
1-1 acquisition. For individuals within long-term relationships,
condom use tends to be low irrespective of HIV-1 concordance
or discordance (Gorbach and Holmes, 2003; Malamba et al.,
2005a,b).

Condom promotion campaigns have had a major impact on
reducing HIV-1 incidence in areas where commercial sex work
contributed substantially to new HIV-1 infections (Hanenberg et
al., 1994; Stall et al., 2000). Unfortunately behaviour-change inter-
ventions are costly, and their effects typically transient (Fox et al.,
2009).

7. Treatment of STI to prevent transmission

The prompt diagnosis and treatment of sexually transmitted
infections (STIs) takes a prominent place in most risk reduction
strategies (White et al., 2008), although evidence regarding the
population-level effectiveness of STI treatment for HIV-1 pre-
vention (in Africa) is equivocal. A randomized controlled trial
(RCT) of improved clinic-based syndromic STI treatment in rural
Tanzania was shown to reduce HIV-1 incidence in the general
population by 38% and to be highly cost-effective (Wawer et
al., 1999). Since then, however, four other RCTs of various STI
treatment strategies of mass (irrespective of symptoms) and syn-
dromic/symptomatic treatment using antimicrobials in the general
population, have failed to show an impact on HIV-1 incidence
(Grosskurth et al., 1995; Gregson et al., 2007; Kaul et al., 2004a,b).
These differences have in part been explained by behaviour
change and the later stage of the HIV-1 epidemic reducing the
role of curable STIs in HIV-1 transmission (Gray and Wawer,
2008; Gray et al., 2007a,b; White et al., 2004; Korenromp et al.,
2005).

8. Correlates of HIV-1 protection and transmission

Through studying individuals who are exposed but remain HIV-
uninfected (EU), biological mechanisms have been postulated to
affect HIV-1 transmission. The different factors that underlie this
observed relative resistance to HIV-1 acquisition are summarised
here.
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8.1. Immune correlates of protection

8.1.1. T-cell responses

Despite a lack of detectable HIV-1 infection, using HIV-1
DNA/RNA PCR and HIV-1-specific serum antibody, 0-70% of EU
have measurable HIV-1-specific CD4 and CD8+ T-cell responses
(Goh et al., 1999; Clerici et al., 1992; Rowland Jones et al., 1998;
Kaul et al., 2004a,b; Pinto et al., 1995; Shalekoff et al., 2009).

Where blood derived CD8+ T-cell activity exists in EU, they occur
at lower frequencies (Goonetilleke et al., 2006) and at different epi-
topes (Kaul etal.,2001) than HIV-1 infected donors. Indeed EU CD8+
responses are restricted by only those HLA class I alleles that are
associated with a reduced risk of HIV-1 infection (Goonetilleke et
al., 2006). This suggests that particular CD8 epitopes and HLA types
may facilitate transmission more than others.

HIV-1 specific CD8+ T-cell responses have also been detected
at sites of viral exposure (e.g. cervical mucosa) at higher levels
than in blood cells of the same individuals (Kaul et al., 2000). In
the absence of on-going exposure, the longevity of these ‘pro-
tective’ CTL responses is uncertain. Generally, responses have
not been demonstrated by all groups (Dorrell et al., 2000) and
where they have been reported to fall below the limit of assay
detection within 2-8 months of exposure and this has been asso-
ciated with a loss of resistance to infection (Shalekoff et al.,
2009).

HIV-1-specific CD4+ T-helper responses have also been iden-
tified in 38-100% of EU (Dorrell et al., 2000; Suy et al., 2007).
Controversially, HIV-1 specific CD4+ T-cell responses targeting the
same epitopes as those seen in EU have also been detected in
low risk, HIV-1 negative subjects (Suy et al., 2007) and have been
attributed to irrelevant antigens, which are cross-reactive to some
HIV-1 proteins. As such, the detection of HIV-1-1-specific CD4+
and CD8+ T-cell responses in EU must be approached with caution.
In conclusion, there is no consensus that virus-specific immunity
can explain protection from or acquisition of HIV-1; however, the
role they do play may prove invaluable to the development of a
preventative HIV-1 vaccine.

8.1.2. B-cell responses to HIV-1

HIV-1-reactive IgA in mucosal secretions, urine or sera in the
absence of apparent IgG or IgM has been reported in EU (Nguyen
et al,, 2006; Devito et al., 2000, 2002; Mestecky et al., 2004; Clerici
et al,, 2002; Read et al., 1996), and some with in vitro neutralising
properties (Mestecky et al., 2004; Read et al., 1996). The HIV-1-
specificIgAresponses are sporadic and of low frequency or low titre
with different epitope specificity to that of HIV-1-infected individ-
uals and maybe dependent on the frequency of HIV-1-exposure
(Mestecky et al., 2004). Their presence in mucosal fluids is contro-
versial partly due to the low frequency as is the variety of assays
used.

A further role in protection is supported by the ability of
neutralizing monoclonal antibody infusions to provide sterilising
immunity in macaque challenge models (Foresman et al., 1998;
Shibata et al., 1999). However, the failure of placentally transferred
IgG and IgA antibodies directed at env to prevent infection in 30%
of cases does not support this (Read et al., 1996).

8.1.3. Innate immunity

Little is known about the role of the innate immune system in
protection from HIV-1. NK cells play an important role in the innate
immune system by providing the first line of defence against viral
infections and tumours (Ravet et al., 2007) and various patterns of
NK-cell activation have been demonstrated in HIV-1-EU (Montoya
et al., 2006). It is possible that NK cells may allow EU to gener-
ate a more rapid and effective immune response to HIV-1, thereby
contributing to prevention toward infection.

8.1.3.1. Human leukocyte antigen (HLA). HLA determines epitope
recognition of antigen (class I is associated with CD8 and Class II
with CD4 cells). Reduced susceptibility to HIV-1 infection has been
associated with the presence of specific class | HLA molecules, in
particular with HLA-A2, -B*1801 and A*2402 in a Kenyan cohort
(MacDonald et al., 2001). The mechanisms underlying this obser-
vation assumes that these class I alleles might restrict particularly
efficient HIV-1-specific CTL or present specific “protective” epi-
topes (Wang et al., 1999). For Class Il HLA molecules certain alleles
have been associated with a reduced risk of HIV-1-1 infection but
findings are not consistent or reproducible (Liu et al., 2004; Tang
et al., 2004; Bejrachandra et al., 2004). HLA concordance has been
associated with increased risk of perinatal HIV-1-1 transmission in
mother-child cohort studies (MacDonald et al., 1998), which may
be due to reduced allo-immunity or less effective cellular immune
responses. The contribution of HLA concordance in sexual trans-
mission maybe similar but remains unknown.

8.2. Host genetic correlates of protection

Certain genetic polymorphisms have been found that correlate
with protection against HIV-1 acquisition in vitro, but are rare and
almost absent in African populations (Kaslow et al., 2005; O’Brien
and Nelson, 2004; Detels et al., 1996). Genetic polymorphisms
found to date affect viral entry, the immune response to HIV-1 and
HIV-1 processing.

The most significant polymorphism associated with HIV-1 infec-
tion is a 32-bp deletion in the coding region of the CCR5 gene
(Dean et al., 1996; Huang et al., 1996), where homozygotes (CCR5-
D32/D32) show resistance (Trecarichi et al., 2006; Samson et al.,
1996) and heterozygotes partial resistance (Kostrikis et al., 1999) to
infection with CCR5 using strains of HIV-1. The frequency of CCR5-
D32/D32 is approximately 1% in Caucasians almost zero in Africans
(Louisirirotchanakul et al., 2002; McDermott et al., 2000).

Other genetic polymorphisms contributing to resistance to
infection by entry inhibition, have been found in the promotor
region of CCR5 (An et al.,2002; Duggal et al., 2003; Modi et al., 2003;
Detels et al., 1996) e.g. CCR2-64I (Louisirirotchanakul et al., 2002)
and RANTES (An et al., 2002) and in the following genes: CXCR6
(Duggal et al., 2003), CC chemokines (MCP1 MCP3 and exotoxin)
(Modi et al., 2003), TAP 1.4 (Transporter protein associated with
antigen processing) (Detels et al., 1996) and « (1,2) fucosyltrans-
ferase FUT2 gene (which regulates the expression of a carbohydrate
on the gastrointestinal epithelium) (Ali et al., 2000).

8.2.1. Early restriction genes/innate protection

Factors interfering with the early steps of HIV-1-1 infection have
been identified as potential contributors to ‘resistance to HIV-1
acquisition’ and include TRIM-5alpha (Sawyer et al.,2006; Stremlau
et al., 2004; Yap et al., 2005) and APOBEC3G (Peng et al., 2006).
Specific polymorphisms in exon 6 of the TRIM5 alpha genes play a
role in protection in rhesus macaques against HIV-1-1 infection but
have not shown protection in humans. Higher basal and IFN-alpha
induced APOBEC3G mRNA and protein expression levels have been
detected in EU PBMCs compared to HIV-1 infected individuals and
health controls (Biasin et al., 2007). In addition, in vitro HIV infec-
tion of PBMC of EU results in p24 production and a much more rapid
up-regulation of APOBEC3G than HIV negative controls (Biasin et
al., 2007).

8.2.2. Late restriction gene

The tumour suppressor gene 101 protein is essential for budding
of the virus from infected cells (Demirov et al., 2002; Garrus et
al,, 2001). One study has suggested a role of two single-nucleotide
polymorphism (SNP) variants, located at positions —183 and +181
relative to the translation start site in EU (Garrus et al., 2001).
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9. Interventions to prevent transmission

The safest, cheapest and most readily available technique to pre-
vent sexual transmission of HIV-1 is the condom (Hira et al., 1997).
The impact of condom promotion on the spread of HIV has been
particularly successful in areas where sex workers contributed sub-
stantially to new HIV infections. For example, Thailand’s promotion
of “100% condom” use in brothels led to condom use among sex
workers of more than 90%. HIV infection rates among military
recruits decreased by about half, and the cases of five other STI
decreased by nearly 80% among brothel workers (Hanenberg et
al., 1994). Unfortunately, behaviour change interventions are costly
and their effects typically transient (Stall et al., 2000; Truong et al.,
2006).

The lack of acceptability and availability of condoms particu-
larly in resource poor settings where the highest risk of sexual
transmission occurs makes alternative options more attractive.
Male circumcision is to date the only proven effective alterna-
tive method, conferring >50% protection from HIV-1 acquisition,
although its widespread implementation is challenging and will
compromise its impact globally.

9.1. ART to prevent transmission

Given that HIV-1 plasma VL is the most significant factor in
determining onward HIV-1 transmission, the use of ART to limit
viral replication in both plasma and genital tract secretions, is a
logical method to reliably and durably limit transmission as well as
treat the HIV-1 infected individual. ART is already used in specific
settings to reduce HIV-1 transmission; including perinatal, post-
natal exposure, and pre-exposure prophylaxis (Cooper et al., 2002;
Gay and Cohen, 2008; Cohen et al., 2007; Buckheit et al., 2009).
There is intense interest using it to reduce onward sexual trans-
mission especially in high-risk populations.

Mathematical models simulating HIV-1 transmission have
explored the effect that ART may have on HIV-1 transmis-
sion at a population level (Granich et al., 2009; Law et al.,
2001; Velasco-Hernandez et al., 2002; Baggaley et al., 2006).
In addition to being potentially cost-effective, depending on
uptake of intervention at a population level, such an approach
could potentially eliminate the HIV-1 epidemic in certain pop-
ulations and certainly significantly limit HIV-1 incidence if
universal uptake could not be achieved. The consequences of
ART use in this setting are far from intuitive. Successful ART
decreases HIV-1 infectiousness, yet its main function, increas-
ing the life expectancy of infected individuals (Baggaley et al.,
2006), will over time increase the pool of potential transmitters.
These two factors, decreased infectivity but increased duration of
infectiousness, have opposing effects on transmission and may be
further confounded by increases in risk behaviour resulting from
enhanced optimism concerning HIV-1 prognosis.

Studies to investigate the feasibility and acceptability of such an
approach are currently planned. Whilst models predict that a test
and treat approach could have a huge impact at a population level
(Granich et al., 2009), such a strategy maybe limited by ethical, fea-
sibility, capacity and financial constraints. The clinical study (HPTN
052) is following 1750 discordant couples for 5 years and mon-
itoring transmission to the negative partner and its relationship
to viral load addresses this question; couples are randomized into
either receiving ART at enrolment or when the HIV-1 infected part-
ners CD4 count falls within or below the range of 200-250 cell/ml
or an AIDS-defining illness develops. In addition, pre-exposure pro-
phylaxis (PrEP) trials predominantly using Tenofovir are underway,
however unless the cost is substantially reduced and/or the effi-
cacy of PrEP increased, impactful implementation of PrEP would be
costly (Paltiel et al., 2009).

9.2. Vaginal and rectal microbicide agents for transmission
prevention

To prevent mucosal transmission of HIV-1, a microbicide either
alone or in combination with ART should ideally act locally at and
near the virus portal of entry!8!, Investigation of acceptability fea-
sibility and efficacy of single microbicide agents have been studied
(Buckheit et al., 2009). A large scale RCT where HIV-1 seroconver-
sion is the end point is due to report by the end of 2009 (MDP,
2009). Methods that employ microbicidal agents in combination
with tenofovir have been trialled and proven to confer protection
from establishment of infection in primate models (Garcia-Lerma
et al., 2008).

In conclusion, the sexual transmission of HIV is a multifactorial
process dependent on interplay of biological and behavioural fac-
tors between host and recipient. An understanding of the determi-
nants of HIV transmission is essential, not only to assess the infec-
tionrisk to an individuals when exposed to the virus e.g. in the pro-
vision of post exposure prophylaxis, but also to predict the spread
of HIV infection in a population and the implementation of preven-
tion strategies. This continues to be of the utmost importance with
HIV incidence stable and no preventative vaccine available.
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