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Prevention of sexual transmission of HIV: real results,
science progressing, societies remaining behind
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HIV spread has reached a turning point following decades of increasing and sustained
incidence. An effective vaccine has not been developed, but critical breakthroughs with
prevention based on antiretroviral treatment are promising. The new prevention
technologies will have to be combined with condoms and incorporated into the mixes
of combination prevention approaches that are tailored to the local epidemic and
context. To address the implementation gap, more political will and leadership will be
needed to overcome the socio-cultural, legal or religious barriers to prevention. We
have learned that the generation of demand for HIV prevention is not easy, as for health
promotion in general. Despite optimism about treatment as prevention, many western
countries are facing an increase in new HIV cases, and HIV is no longer a collective
concern. If we manage to find common ground on combination prevention, customize
approaches to people’s needs and exercise technical and political leadership, our
decade may see the beginning of the end of the epidemic.
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Since the first reports on AIDS, knowledge on how to
prevent new infections emerged rapidly, and sex was
identified as the major mode of transmission in most
countries [1,2]. Condoms were already available and
factors affecting transmissibility such as sexually trans-
mitted diseases, absence of male circumcision or advanced
immunodeficiency were suggested in epidemiological
studies [3,4]. Since there was no effective antiretroviral
treatment available until 1996, HIV prevention was the
only option in the AIDS response. This resulted in some
initial successes in gay communities in high-income
countries, thanks to major community mobilization,
behavior change and condom use [5]. In the mid-1990s,
for the first time, a decline in HIV prevalence and
incidence was documented in heterosexual epidemics in
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developing countries – in the general population in
Thailand and Uganda and the sex worker populations in
Zaire and Kenya [6–9]. However, for several decades,
options for HIV prevention were limited, with slow
progress in the science of prevention or the development
of much needed new tools and interventions – although
major advances included the demonstration that mother-
to-child transmission of HIV can be prevented, and that
‘harm reduction’ (needle exchange and substitution
therapy) decreases the spread of HIV among injecting
drug users [10,11].

Now, 30 years later, a wealth of scientific evidence has
accumulated and insights into reducing HIV transmission
have been gained [12–14]. Three intervention trials
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confirmed the protective effect of male circumcision,
and antiretroviral therapy (ART)-based prevention with
preexposure prophylaxis (PrEP) and early antiretroviral
treatment showed efficacy in preventing HIV infections
[15–18]. Prevention programming has evolved from
mostly individual-level interventions toward combi-
nation prevention, including approaches that address
social and structural factors and are better adapted to the
local epidemiological, cultural and political contexts [14].
‘Know your epidemic’ became the basis for more tailored
prevention [19]. HIV incidence worldwide is declining;
major progress in preventing HIV has been documented
in populations, regions and countries [20,21]. It seems
that, with the exception of the former Soviet republics,
HIV spread has reached a turning point following decades
of increasing and sustained incidence. However, new
populations are being affected, such as MSM in Asia and
Africa and injecting drug users in several sub-Saharan
African countries.

Despite real progress, the HIV prevention field is
struggling with numerous challenges: first, insufficient
implementation in many populations. There is still no
protective vaccine in sight; the debate continues about the
most effective mix of combination prevention strategies
for the most affected countries or populations. Leadership
and management of prevention programs have generally
been weak. As a result, in 2010 alone, another 2.6 million
people acquired the virus, far more than the speed at
which people with HIV can access treatment.
Technologies to reduce sexual transmission
of HIV: from condoms to antiretroviral
therapy and back?

The most effective way to control the HIV epidemic
would be a highly protective HIV vaccine that is simple to
administer and effective for all transmission modes. For
decades, the hopes were high after the isolation of the
virus that a vaccine was within reach. Thirty years later, it
is likely that no vaccine will be available on the market
despite major advances in our understanding of virology
and immunology of HIV infection [22,23]. Although
investments in vaccine research should continue, for
now, the epidemic will have to be addressed with other
approaches.

Male condoms have been available since day 1 of the
epidemic and are recommended to prevent transmission
during sex. In-vitro tests showed that condoms were
impenetrable to particles of the size of HIV; and their
effectiveness for the prevention of most sexually
transmitted infections was well documented [24–26].
Although no randomized controlled trial was conducted
for ethical reasons, the effectiveness of condoms to
pyright © Lippincott Williams & Wilkins. Unautho
prevent HIV is estimated at 80–85% based on the data
from longitudinal studies, and as high as 95% for
consistent use [27,28]. Condom use is still one of the
most effective ways to reduce the sexual transmission of
HIV. The key determinant of condom effectiveness is
adherence – as it is for most biomedical prevention tools,
except male circumcision. The most convincing evidence
of condom effectiveness at the population level comes
from programs addressing HIV among sex workers and
MSM and from national prevention successes such as in
Thailand [20]. It is less clear how important condoms
have been in curtailing the epidemic in the most affected
countries in Africa, but this may reflect methodological
challenges of attributing national declines of HIV
infection. For example, an analysis of declining HIV
trends in Zimbabwe showed that condoms did a play a
role, as did a reduction in the number of casual partners
and paying for sex [29]. Consistent condom use is
generally less accepted among steady partners and in
intimate relationships.

The need for prevention methods initiated and controlled
by women was recognized early on [30]. The first female
condom made of polyurethane is as effective as the male
condom; similar efficacy was shown in one randomized
controlled trial among women in Thailand [31].
However, high cost and low acceptability prevented this
promising technology from being taken up widely, except
for some pilot programs [32]. Newer versions of the
female condom (made of nitrile or latex) are easier to
use and expected to be more acceptable. The female
condom is still the only highly effective female-initiated
prevention method available on the market and, there-
fore, should be promoted as part of the prevention
armamentarium.

The search for a vaginal cream or gel that women could
use to protect themselves against HIV had already started
in the late 1980s. Contraceptive products that are
inexpensive, easily available over the counter and show
in-vitro anti-HIV activity were tested first, but none
showed protection and some even increased the risk of
HIV acquisition [33–35]. The road toward an effective
microbicide has been long and bumpy [36]. So far, only
one trial testing a vaginal gel containing 1% tenofovir
(TDF) showed a 39% protection when used 12 h before
and 12 h after sex [18]. This breakthrough result was not
confirmed in another study in which daily use of TDF
vaginal gel was interrupted because of futility [37]. A
confirmatory trial of a 1% TDF gel used before every sex
act is now underway in South Africa [38]. The search for
more effective topical antiretroviral drug-based preven-
tion continues, focusing on potent antiretroviral products
and combination products. Because adherence is key to
effectiveness, the development of less coitally dependent
delivery methods, such as vaginal rings with slow release,
is a high priority, and much can be learned from the
contraceptive field.
rized reproduction of this article is prohibited.
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On the basis of the effectiveness of preventing mother-to-
child transmission of HIV with antiretrovirals, low-dose
oral TDF or a combination of emtricitabine and TDF
(FTC/TDF) was tested for protection of HIV-negative
people during sexual intercourse. Of six trials finalized
among different populations, four showed protection
ranging from 44 to 62% and two were interrupted
because of futility (see Table 1) [38]. Despite major
investments in adherence support in all those trials, the
main explanation for suboptimal efficacy given by the
investigators is low adherence. Subgroup analysis indi-
cated higher efficacy of 73% (versus 44% overall) among
MSM with high adherence to daily use of FTC/TDF
[17]. Low antiretroviral concentration at the mucosal level
may also play a role in explaining these discordant results
[38,39].

The relationship between viral load suppression and
reduction of HIV infectiousness is well established [40].
The meticulous HPTN052 trial showed that early ART
leads to a 96% reduction in HIV transmission among HIV
serodiscordant couples, establishing a proof of concept for
ARTas prevention [16]. This has opened up a new era for
combination prevention in synergy with HIV treatment
programs.

Whether those promising evolutions in ART-based
prevention will also change the course of the epidemic
will depend on several factors. For topical and oral PrEP,
real-world user effectiveness, particularly in relationship
Copyright © Lippincott Williams & Wilkins. Unaut

Table 1. Biomedical tools to reduce probability of sexual transmission of

Tool Efficacy/effectiveness Adherence

Male condom From 80 to 95% (observational data);
biological efficacy close to 100%
as impenetrable barrier

For every c

Female condom Similar to male condom (1 RCT) For every c

ART treatment 96% in serodiscordant couples
(1 RCT and observational data
evidence); population effectiveness
unknown

Lifelong da
for the in

Male circumcision 60% for female-to-male transmission
(3 RCTs)

One decisi
procedur

PrEP
Oral FTC/TDF 73% (49;85) in couples; 62% (34;78)

in heterosexual men and women;
44% (15;63) in MSM; 0% (�69;41)
in high-risk women

Daily

Oral TDF 63% (22;83) in couples; 0% (–) futility
in high-risk women; ongoing in IDU
(RCT evidence)

Vaginal TDF 39% (6;60) in high-risk women; 0% (–)
futility in high-risk women; ongoing
in high-risk women

Daily or fo

Fe In, female initiated; FTC, emtricitabine; NA, not applicable; PrEP,
[27,28,31,32,37–39,41].
to adherence, has to be clarified further. The feasibility of
regular HIV testing and adherence support systems in
different populations of PrEP users needs to be evaluated.
Also, emergence of resistance to a class of drugs used for
PrEP that is also first-line AIDS treatment remains a
concern [41].

Investigating the effectiveness and feasibility of early ART
as prevention at the population level is a high priority,
with the Pop ART study (HPTN071) in Zambia and
South African study being the most ambitious ones. The
biggest unknown for the population-level effectiveness of
treatment as prevention is the contribution of newly
infected individuals, who are unlikely to be detected by
early diagnosis and treatment, to the spread of HIV. The
impact of increasing sexual risk behavior is unknown, and
may outweigh the effect of reduction in transmissibility in
the individuals. This was suggested by the increasing HIV
incidence in the Netherlands in gay communities with a
high access to ART [42]. This prevention strategy also
raises the ethical question in the most affected countries of
prioritizing those HIV patients who need ART for their
immediate survival versus using ART for prevention. The
deficit in access to treatment is illustrated by the fact that
6.6 million people in low-income and middle-income
countries are now accessing treatment, representing 47%
of those in need of treatment for their own survival [21].

While waiting for results from ongoing research,
repositioning condom use at the center of HIV
horized reproduction of this article is prohibited.

HIV.

Fe In Other considerations

oitus N Cheap; available over the counter;
mixed acceptability; protects against
most other sexually transmitted infections

oitus Y Medium cost; low acceptability

ily treatment
fected person

NA Implementation to test and treat whole
populations, complex and costly; health
systems to cope?; acceptability not yet
known; ethical issues of prioritizing ART
for patients with CD4þ cell count
<350 cells/ml; large treatment gap;
effect of risk compensation?

on for surgical
e

N Relevance mainly limited to eastern–
southern Africa; implementation
challenges; cultural and political barriers

Y Sustaining adherence challenging; regular
HIV testing needed; emergence of drug
resistance concern; cost: ‘who will pay?’;
side effects acceptable for use in HIV
negative individuals?; acceptability may
be higher than for condoms

r every coitus Y Adherence needs to be addressed; need
for more potent class of drugs and new
long-acting delivery methods

preexposure prophylaxis; TDF, tenofovir. Adapted and based on
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prevention is justified. New tools, if proven effective,
should be combined with the old ones in the best possible
way to obtain the highest coverage of sexual acts that have
to be protected. Also, for eastern and southern Africa, that
means greatly increasing the uptake of male circumcision.
Combination prevention: the evidence
dilemma

Evidence-based HIV programming tends to favor
technological approaches, as firm evidence for efficacy
is easier to obtain [12,13]. However, all technologies also
need behavioral strategies and mobilization of commu-
nities, in addition to services to deliver them. People are
not passive recipients of technologies; they appropriate
them with reference to their life and integrate them into
their intimate relationships wherein gender and power
dynamics are at play [43].

Addressing unsafe sexual behavior is an essential
prevention component in its own right. Behavior change
has been closely associated with prevention successes in
various communities, but skepticism about their
relevance remains, as the evidence base from randomized
trials is poor [13]. We are confronted with a paradoxical
situation of compelling evidence that HIV incidence is
declining in many countries beyond natural history. This
observation suggests that imperfect behavioral prevention
approaches have an impact, whereas, on the contrary,
trials evaluating behavioral approaches have showed no
effect on HIV incidence [44]. The missing link may be an
incomplete understanding of the extent to which sexual
behavior change results from prevention programs in
different contexts versus behavior change occurring, at
least partly, because of external factors such as economic
hardship. Identifying those social and contextual factors
and addressing them, if possible, is an integral part of the
concept of combination prevention.

There is now consensus in the HIV prevention
community that combination prevention offers the best
promise of success, but disagreement remains about the
best mix of approaches and how to evaluate impact
[20,45,46]. Components of combination prevention
should be customized on the basis of the understanding
of epidemic in a given context and guided by the best
available plausible evidence of their effectiveness in these
contexts. Finding the right balance between top–down
essential prevention packages versus bottom–up com-
munity-owned context-specific processes is inherently a
challenge, but both approaches are needed and should
now meet each other.

It is time that the prevention world finds a common
ground when it comes to promoting combination
pyright © Lippincott Williams & Wilkins. Unautho
prevention, as policy paralysis may result in more
infections and more deaths. Much more will have to
be invested in rigorous learning while doing and
partnerships between researchers, program implementers
and affected communities are needed.
The implementation gap

Despite the increased understanding of which popu-
lations are at maximum risk for acquiring and transmit-
ting HIV and the availability of effective prevention
approaches, prevention coverage remains low in many
key populations. Thus, worldwide in 2010, the median
coverage of prevention services was 48% for sex workers,
55% for MSM and 32% for injecting drug users [47].
Those figures are likely to be overestimates because little
systematic research has been done at the country level to
obtain reliable estimates of the size of key populations and
the coverage of interventions. The road from research to
policy to implementation can be long, as illustrated by the
fact that despite the evidence that male circumcision
reduces female-to-male transmission by 60%, only 2.7%
of the 20 million eligible men in 13 priority countries in
southern Africa have been circumcised [48].

There is a wide spectrum of explanations for this
implementation gap owing to socio-political, legal,
cultural and religious barriers with regard to addressing
marginalized groups such as sex workers or injecting drug
users, addressing highly stigmatized or even criminalized
same-sex sexual behavior or educating young people
about sex [20].

The variable capacity of the public sector, nongovern-
mental organizations and communities to implement
prevention activities, as well as the limited involvement of
people with strong management expertise to coordinate
and manage the programs at national level, contribute to
the implementation gap. Short funding cycles affect long-
term programming and sustainability. And finally, in the
landscape of the ‘multisectoral’ response, the roles and
responsibilities to coordinate the response and monitor
progress have not always been clear.

The list of reasons for inaction is very long, but 30 years of
AIDS response, with a consistent focus on a rights-based
approach, has also illustrated that barriers can be
overcome and the challenges addressed. Exceptional
leaders have made a difference at international, national
and local levels [49]. A recent example was Desmund
Tutu from South Africa speaking out strongly in public
against homophobia in Africa [50]. The evidence base for
newly emerging HIV epidemics among hidden popu-
lations is growing, pointing to the prevention needs and
calling for the creation of a more conducive environment
[21,51]. Prevention programs at scale, like the Indian
rized reproduction of this article is prohibited.
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initiative AVAHAN, are now being duplicated in Africa
and the importance of management skills in program
management is being recognized.

The most important lesson is that science can provide
solutions tailored to the epidemic, but infections will only
be prevented if political and technical leadership is
sufficient to overcome the barriers and managerial
capacity is adequate to make the programs work.
Generating demand for prevention

AIDS activism has been mostly directed toward treatment
access, led by people living with HIV. A similar
movement to demand prevention has not emerged
spontaneously – although TAC in South Africa has been
making considerable efforts [52]. It is understandable and
a humanitarian imperative that attention goes first to
those suffering and dying. The overwhelming and
immediate impact of ART on saving lives was a strong
mobilizing force and created an unprecedented move-
ment of international solidarity and resource mobiliz-
ation. Countries took pride in their ART scaling up
efforts, the number of people initiated on treatment was
publicized, and these reports became a tool for
accountability rarely seen before in public health and
international development.

Prevention efforts are less monitored and prevention
successes less ‘visible’, primarily because of the difficulty
of estimating events that did not occur. For an individual,
the transmission happens mostly unnoticed and the
infection can remain asymptomatic for several years. For
societies, an outbreak of HIV can occur unnoticed for a
long time until patients with AIDS present to health
services. Moreover, there is still no biological test to easily
measure HIV incidence. Moreover, defining prevention
impact based on HIV prevalence trends is becoming
increasingly complex owing to longer survival as a result
of wider availability of antiretroviral therapy.

As in other fields of health promotion, HIV prevention is
an uphill battle. In general, safer sex including condom
use, refraining from penetrative sex or fidelity is perceived
as less desirable. Leaders prefer to devote their energies to
treatment instead of more controversial HIV prevention
approaches, particularly in marginalized groups. The
criminalization of homosexuality in 93 countries, even
punished by the death penalty in seven countries, not
only is one of the gross violations of human rights of our
time but also makes HIV prevention very difficult [53].

In more liberal societies, the continuing high HIV rates
among MSM have not generated sufficient community
mobilization to turn the tide. The perception exists that
HIV is not the threat as it once was; therefore there is less
Copyright © Lippincott Williams & Wilkins. Unaut
communication about HIV and social support, and
community norms are shifting such that unsafe sex is
more acceptable [54]. Despite optimism about treatment
as prevention, several western countries have faced an
increase in new HIV cases and unsafe sex among MSM in
the last decade [55–58]. Paradoxically, antiretroviral
therapy, which has saved millions of lives and prevented an
unknown number of infections, may at the same time
complicate HIV prevention.

We have learned over the years that demand generation
for prevention is not easy, but the changing context and
realities not only complicate prevention but also offer
new opportunities. Critically important breakthroughs
with ART-based prevention have given a boost to
prevention research and brought prevention back to the
center of the academic debates. And, the ongoing
dialogue between the science and the affected commu-
nities could result in renewed, more effective, combi-
nation prevention strategies and frame HIV again as a
collective concern [43].
The way forward: adopting a common
ground and customized prevention

There is empirical evidence that HIV prevention is
feasible and effective on a large scale. For the 2.6 million
people newly infected with HIV in 2010, it was science
not being applied rather than science failing to some
extent.

Although academic debates on HIV prevention must
continue and our knowledge base be sharpened, most
attention should go to greatly implementing prevention
programs for those at highest risk for HIV, as
recommended by the AIDS 2031 consortium [59]. Such
intensification of focused prevention and treatment
programs must be accompanied by investments in better
documentation of HIV transmission dynamics in key
populations and continued evaluation of programs to
adapt them when supported by new evidence. In light of
the lessons learned from the past (no single magic bullet
solution for prevention), the newly emerging biomedical
tools will have to be incorporated carefully into new
mixes of combination prevention approaches. Building
new constituencies and looking for synergies with other
health and development programs are a top priority for
more efficient implementation.

If we collectively manage to develop common ground on
combination prevention, customize programs to people’s
needs and exercise technical and political leadership, our
decade may indeed see the beginning of the end of the
HIV epidemic, but eliminating HIV with the current
tools seems unlikely.
horized reproduction of this article is prohibited.
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