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Reducing HIV Transmission
In Developing Countries
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epidemic, which has already infect-
ed more than 50 million people, has
been inadequate, particularly in the devel-
oping world. In many countries, blood
screening was delayed, partly because of
the initial misconception that HIV rarely
causes AIDS. The importance of hetero-
sexual intercourse and breastfeeding in
HIV transmission was downplayed for
years. Patchy surveillance has frustrated
efforts to predict the course of the epi-
demic, and cohort studies, essential for
good epidemiology, are rare in developing
countries. Nevertheless, there have been
successes. One of the main, largely un-
sung, achievements is that interventions
have been developed that have the capa-
bility to reduce HIV incidence and rele-
vant risky behaviors by up to 80%. Unfor-
tunately, these interventions have in gen-
eral not been implemented at a wide
enough scale to have significant impact.
Socioeconomic factors foster behav-
iors such as unprotected sex with multiple
partners that facilitate HIV transmission
(). However, dealing with societal issues
may take decades or longer. Despite im-
perfect methodology, research has indicat-
ed that there are effective interventions
that can improve health in the interim (2).
As a guide to prioritizing interventions,
we suggest three criteria. First is to consid-
er how important the intervention is to HIV
spread. HIV transmission in developing
countries is largely driven by heterosexual
intercourse, yet how sexual behavior drives
transmission is often misunderstood. With-
in a population, the number of sex partners
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is very heterogeneous. This has prompted
the concept of high-frequency transmitter
core groups of individuals who have multi-
ple partners and are key in maintaining
HIV epidemics (3). Ensuring condom use
by one core group member with 100 sex
partners per year is more than 100 times as
efficient as ensuring condom use by some-
one with one partner. This is quantified as
the number of individuals that an interven-
tion needs to affect to prevent one infec-
tion, the intervention efficiency ratio.

among female sex workers (4) are among the
first interventions to be described and are
perhaps the ones with the highest impact in
preventing HIV infection in developing
countries. In areas with high HIV preva-
lence, female sex workers rapidly acquire
HIV and infect their male clients, who then
infect other female sex partners, who then in-
fect their children. The central importance of
unprotected sex within core groups is per-
haps best illustrated by the observation that
major HIV heterosexual epidemics only oc-
cur in societies where this practice is com-
mon. Peer-mediated prevention programs
have consistently achieved sustained high-
level condom use, and reduced the risk of ac-
quiring HIV and sexually transmitted infec-
tions (STIs), thereby preventing further
transmission (5, 6). Thailand acted success-
fully upon this insight and India has adopted
this approach in its national AIDS control
strategy. Contrary to some beliefs, peer-me-

INTERVENTION ANALYSIS
Efficiency Effectsize (%  Cost per HIV Costper  Dependence on
ratio reduction in infection DALY the health
e HIVincidence) prevented ($)  saved(S) _delivery system
Female 0.6-1(5,6) 80 (5,6) 8-12(6) 0.35-0.52 (6) Low
sex workers
STI management 48 (8) 44 (8) 218 (9) 9.45 (9) Medium
High-risk 116(7) 25-33(7) Low
heterosexual
male intervention
Voluntary 9.1-11.2 (13) 50(73) 249-346(13) 1277-17.78(13)  High
counseling
and testing
Antiretrovirals 44(117) 37-50(13) 276 (13) 10.51(13) High
in pregnancy
Formula feeding 51(70) 44 (10) Medium

Evidence-based interventions for HIV prevention in developing countries—Comparison of effi-
ciency, effect size, and cost-effectiveness. DALY, disability-adjusted life-year.

The second criterion is amenability to
change, which relates to the feasibility of
success of the intervention in accessible
populations. For example, it is usually
more feasible to make sexual contacts
safer than it is to avert such contacts in the
first place. Similarly, it is more feasible to
ensure condom use during casual sex than
with steady partners. In many countries,
the dependence of a given intervention on
a well-functioning health care system may
limit the ability to implement it.

The third criterion is cost-effective-
ness. As many intervention effects accrue
over time, mathematical models are im-
portant for assessing and comparing the
long-term cost-effectiveness of particular
measures. The intervention ratio, effect
size, and cost-effectiveness of various in-
terventions are summarized in the table
(above).

Peer-mediated education programs

diated education programs generally reduce
the stigmatization associated with the sex
trade, spark community development, do not
promote sex work, and also contribute to the
control of other STIs. High-risk male behav-
ior, notably unprotected sex with female sex
workers, is also central to HIV transmission.
Although high-risk men are not as readily
identified as high-risk women, they may be
amenable to intervention through their work-
places (7). However, there are many more
clients than there are female sex workers,
and they have far fewer sex partners, reduc-
ing the intervention efficiency ratio.
Conventional STIs act as cofactors in
HIV transmission by increasing HIV suscep-
tibility and infectivity. These considerations
prompted the randomized community trial in
Mwanza, Tanzania, which showed that im-
proved and expanded STI treatment reduced
HIV incidence by about 40% (8). Another
community intervention trial in Rakai,

VOL 292 SCIENCE www.sciencemag.org


mailto:plummerf@cc.umanitoba.ca

Uganda, based on periodic mass antibiotic
treatment for STIs, did not reduce HIV inci-
dence. Although there has been debate about
the interpretation, the Mwanza study clearly
showed that improved case management of
largely symptomatic STIs is cost-effective
(9). Furthermore, STIs are risk markers as
well as true risk factors, making STI patients
an ideal group for behavioral interventions.

Mother-to-child transmission rates
among untreated, breastfeeding HIV-infect-
ed mothers range from 25 to 48%; about
half of transmission is due to breastfeeding,
with the rest occurring before or at birth
(10). Consequently, about 470,000 children
worldwide die of AIDS annually. Clinical
trials have shown that many mother-to-child
transmission infections are preventable. For
example, in a randomized trial in Kenya,
breast milk substitutes prevented 44% of
cases of mother-to-child transmission (/0).
Short courses of antiretroviral drugs such as
zidovudine or nevirapine for mothers and
newborns have reduced transmission by 37
to 50% in low-income country settings, and
such interventions are cost-effective, with
costs below $100 per healthy life year
gained (/7). About six infected breastfeed-
ing women would need to be given breast
milk substitutes, or eight treated with nevi-
rapine, to avert one infant infection; howev-
er, the number of women requiring screen-
ing to prevent an infection is large, and de-
pends on HIV prevalence. In low-preva-
lence settings, the number of infections pre-
vented by these interventions is small. To
reduce costs in high-prevalence countries
(12), antiretroviral therapy could be offered
to all pregnant women, with or without
screening, but the health systems in many
developing countries may be unable to de-
liver such sophisticated interventions ade-
quately. Moreover, in high-prevalence
countries, the benefits of breastfeeding in
reducing other infectious disease morbidity
and mortality may outweigh the risks of
HIV transmission. Although perinatal HIV
infections are downstream and not central
to transmission, cost-effectiveness of inter-
ventions such as antiretroviral therapy and
breast milk substitution makes them com-
pelling options.

Several interventions have potential in
preventing HIV infection. One of them, vol-
untary counseling and testing, is gaining fa-
vor, but its sustained effect on behavior re-
mains uncertain. The most consistent effects
have been observed among HIV discordant
couples, but there are few studies of its effi-
cacy in developing countries. One recent tri-
al showed a decrease in risky behaviors dur-
ing the first year after counseling (/3). How-
ever, there was little effect on the incidence
of STIs and the sustainability of the effect is
unclear. Costs per healthy-year-of-life saved
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were estimated at $249 to $346, but this may
be optimistic. It is also true that high-risk in-
dividuals might avoid such services.

Ultimately, female condoms or vaginal
microbicides may become effective alter-
natives to male condoms in preventing
HIV transmission, but female condom use
is limited and evidence for efficacy is
lacking. Recent disappointing experience
with the efficacy of nonoxynol-9 as a
vaginal microbicide has underscored the
need for more research. A wealth of evi-
dence indicates that male circumcision
protects against HIV infection, but no clin-
ical trials have been conducted.

Certain other HIV prevention interven-
tions have not been shown to be particular-
ly effective. Mass media information and
communication programs increase knowl-
edge of HIV and are thought to create an
environment permissive for prevention in-
terventions. However, in industrialized
countries, there is little evidence for direct
effect on behavior and there are few studies
on the effects of mass media campaigns in
developing countries. As young people of-
ten have high HIV-incidence rates, protect-
ing youth is key to stemming the epidemic.
Unfortunately, general educational pro-
grams for youth apparently have little ef-
fect on HIV or STI incidence, and there is
little evidence for sustained safer behavior.
Focused interventions among high-risk
youth may be a more effective approach.
Finally, programs to reduce the supply of
female sex workers in Thailand have been
unsuccessful; wherever there is demand for
paid sex there will be a supply. In contrast,
raising legal costs of exploitation of child
sex workers and enforcing legal sanctions
may be effective (14).

The advent of highly effective an-
tiretroviral therapy (HAART) has been a
major advance and making it affordable or
freely available for developing countries
has become an issue of social equity. In
the West, HAART has reduced AIDS mor-
tality, but the number of people living with
AIDS has increased. In addition, risky be-
havior has increased among gay men in
North America, likely in response to the
availability of HAART and the improved
prospects of life with HIV, making its ef-
fect on HIV transmission uncertain.

We make five recommendations for
controlling the spread of the epidemic.

First, HIV control programs need to in-
corporate the most effective evidence-
based interventions and should focus on
high-risk groups as a first priority. This can
be politically unpopular as these groups are
often stigmatized, so advocacy is required.

Second, there should be increased
spending on high-impact interventions.
The Joint United Nations Program on

AIDS has estimated that HIV/AIDS-relat-
ed expenditure in 1996-97 was only $549
million from the 64.7 countries that com-
pose three-quarters of the world’s HIV-in-
fected population. The World Bank’s cu-
mulative disbursements for HIV/AIDS is
only $233 million. In contrast, comprehen-
sive HIV/AIDS and STI prevention ser-
vices for all developing countries would
cost $1.5 to 2.9 billion annually.

Third, money needs to be better spent.
Of 60 World Bank HIV/AIDS projects be-
fore 1992, only 48% have financed condom
promotion and 57% have supported STI
treatment, whereas 38% have financed treat-
ment of AIDS. The World Bank’s most re-
cent document on scaling up interventions
in Africa barely discusses prevention inter-
ventions targeting high-risk groups (15).

Fourth, expanded research agendas
should include studies on the effectiveness
of male circumcision and vaginal microbi-
cides, as well as cost-effective behavioral
interventions for high-risk men and youth.
There is renewed optimism about vac-
cines: the work of the International AIDS
Vaccine Initiative needs to be accelerated.

Fifth, we need enhanced monitoring of
key interventions. Countries need to col-
lect reliable surveillance data, map trans-
mission hot spots, estimate coverage for
key interventions and evaluate the impact
of interventions on HIV transmission.

Experience of the past two decades has
taught us how the epidemic can be con-
trolled. The time to act is now.
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