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Summary
Over the last two decades, HIV has infected more than 50 million people worldwide and killed
and more than 16 million people. Most infections have occurred and continue to occur in the
developing countries. While care issues have attracted most attention, the overwhelming priority
for countries is to prevent additional people from being infected. In this paper, we systematically
review the evidence base for interventions that reduce sexual and non-sexual transmission.
We examine interventions by centrality to the HIV epidemic, their amenability to effect change,
and their cost-effectiveness. Highly effective interventions that may reduce HIV incidence by up
to 80% exist, including peer-based programs targeted to sex workers and high-risk heterosexual
or homosexual men and management of sexually-transmitted infections. In addition, effective
interventions to reduce transmission from injecting drug use, and from mother to child are also
available.
While accelerating vaccine development, HIV/AIDS programming needs to give the highest
priority to these interventions. However, these interventions have not been implemented with
the scale and vigor necessary to have a sustained impact at national level in any developing
country except Thailand. Spending on the implementation of interventions needs to increase by
several multiples of its current level and more spending on intervention research is needed.
Control of the HIV epidemic is possible provided the highest impact prevention interventions are
implemented on a much wider scale.
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Section I.

Introduction

Since its recognition in 1981, AIDS has devastated lives worldwide. UNAIDS estimates that
over 50 million people have become infected with HIV, primarily in Africa and Asia, of whom
22 million have already died. In several sub-Saharan African countries the prevalence of HIV in
the young adult population exceeds 20%, with the vast majority resulting from heterosexual
transmission. Each day more than 15,000 new infections occur, 1,600 of them in children.
Perhaps more ominous for the future of the hardest hit countries, AIDS affects more people than
it infects. It impoverishes families as they try to meet the costs of care and funerals. It leaves
behind orphans with a dim future. The epidemic is rolling back many of the hard-won
development gains of the past 40 years in parts of Africa – life expectancy has declined by as
much as 10 years in several sub-Saharan African countries - and is threatening to do so
elsewhere. Yet the epidemic has not been homogenous. Half of the African population lives in
countries where (as yet) less than 5% of the adult population is infected. In other parts of the
world, seroprevalence is lower, often below 1% of the adult population. For all populations,
prevention of new infections remains a key strategy to reduce the consequences of HIV/AIDS.
The global response to the HIV/AIDS epidemic has been complex. In spite of the grim picture
described above, there have been many important achievements in the HIV/AIDS field. One of
the main and largely unsung achievements of the past two decades is that we have developed
effective prevention interventions. They can reduce HIV incidence and risky behaviors by up to
80% and can be applied now.
A lack of accurate information has and still does frustrate efforts to predict the ultimate size of
the epidemic and to identify priority areas for intervention. For example, predictions have
ranged from the extreme suggestion that HIV would die out as quickly as it arose (1), to
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pessimistic scenarios such as projections for Mexico that suggested 260,000 cumulative AIDS
cases by 2000 (2) that were about four-fold higher than UNAIDS estimates for 1997. Even
careful early projections by the Global Program on AIDS (3) underestimated by over 50% the
actual global prevalence of HIV/AIDS in 2000. The 1993 World Development Report’s baseline
scenario predicting 2.5 million new infections and 1.8 million AIDS deaths in 2000 turned out to
be a drastic underestimate (4).
A major reason for the enormous error in estimates and projections has been the lack of
systematic and reliable surveillance to estimate trends and levels of infection. India only
achieved national coverage of most states with at least two rounds of sentinel surveillance in
1998. Using data from the UNAIDS website, we have calculated that 1988 was the median year
in which countries in sub-Saharan Africa implemented at least two consecutive years of sentinel
surveillance. Several still do not have data yearly. Moreover, data on AIDS and other causes of
deaths are unavailable for most of sub-Saharan Africa. Finally, serial sentinel surveillance
provides an accurate picture of HIV prevalence trends, but it can be unreliable at estimating HIV
incidence, especially in high prevalence settings (5). To track incidence and risk behaviors,
representative population cohort studies are required in at least a few places. These are central to
information-based planning and evaluation. Yet, there are few such studies in developing
countries.
Here, we consider the scientific evidence for effective interventions to reduce transmission of
HIV accumulated over the last two decades and ask several key questions. What is the strength
of the evidence of effectiveness of interventions? What were some of the key reasons for gaps in
their implementation?
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Our paper is organized as follows. Section II reviews the criteria for prioritizing interventions.
Section III discusses the dominant type of HIV transmission worldwide- namely heterosexual
transmission. Section IV discusses transmission between men who have sex with men. Section
V describes transmission from HIV infected mother to newborn and infant children. Sections VI
and VII address non-sexual transmission through injecting drug use and blood transfusion,
respectively. For each type of transmission, we briefly describe the epidemiology and
interventions to interrupt transmission, ranked broadly by effectiveness of the intervention.
Clearly there is some overlap of interventions across transmission routes, such as voluntary
counseling and testing. Section VIII briefly reviews the state of the art on HIV vaccines.
Section IX discusses some of the key reasons for gaps in implementation. Finally, the last
section provides options for the way forward.
Section II.

Criteria for prioritizing preventive interventions

Although HIV causes AIDS, the causes of the epidemic are the behaviors and circumstances that
lead to the transmission of HIV – chiefly commercial sex, unprotected sex with multiple
partners, high levels of sexually transmitted infections, and injection drug use. Social and
economic factors such as poverty, social disruption, marginalization, inequity of gender and race,
and migrant labor practices foster some of these behaviors and underlie the epidemic (6). This
has spawned the view that AIDS is a development issue that must be addressed through social
and economic improvement (7).
AIDS is certainly a development issue. However, the developmental roots of the epidemic are
not easily amenable to intervention in the short term. Sound macroeconomic policies, improved
education for girls, labor force participation by women, and good governance reduce poverty, but
take decades to have a sustained impact. With millions becoming infected annually, waiting for
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poverty and inequality to end will do little to mitigate the growth of the epidemic. (8;9). High
impact interventions that interrupt HIV transmission need to be implemented now (10). Several
key elements in the chain of transmission of HIV have proven to be amenable to intervention.
Such interventions interrupt transmission relatively rapidly.
Over the past 15 years there has been a substantial effort to identify ways of altering behavior or
reducing susceptibility to HIV. Despite sometimes less than rigorous scientific methods (11),
consistent patterns in what works and what does not work are becoming clear. This body of
work has shown HIV transmission can be reduced by as much as 80%. Thailand’s experience
shows that it is possible to do so at a country level. However, these interventions have not been
implemented with adequate scale and vigor. There are many reasons for this, perhaps the
overriding one being that the competing needs of the HIV and AIDS epidemics make
prioritization difficult. Given the range of interventions, how does a program prioritize? We
suggest the following public health criteria for prioritizing preventive interventions, in order of
importance: centrality to the epidemic, amenability to change, and cost-effectiveness. While
these criteria are most relevant to heterosexual transmission, they are also applicable to other
modes of transmission.
•

Centrality to the epidemic. The behavior or factor addressed should be an important cause
of HIV spread. For sexual HIV spread, unprotected sex with multiple partners is clearly the
most important factor in promoting transmission. Yet how sexual behavior drives HIV
transmission is often misunderstood. In a population, sexual behavior is very heterogeneous.
Most individuals have few sex partners, while a few have many. Evidence from Nairobi, for
example, shows that most individuals report a few sex partners, whereas a few report
substantially higher numbers of sex partners (12) (see figure 1). This is key to the spread of

HIV Prevention

page 8

sexually transmitted infections (STI). The concept of the high frequency transmitter core
group has been applied to STIs for the last 25 years (13) and is discussed more below. In this
paper we use the term vulnerable groups when referring to core groups and groups at highrisk of acquiring or transmitting HIV.
•

Amenability to change. The second criterion relates to the feasibility of success of the
intervention in accessible populations. Some factors may be very important to the epidemic
but difficult to alter. To reduce sexual HIV transmission, for example, it is usually simpler
and more acceptable to make sexual contacts safer than it is to avoid them in the first place.
Similarly, it is considerably more difficult to ensure regular condom use among stable
partners than among casual ones (14). In many countries, the dependence of a given
intervention on a well-functioning peripheral health delivery system may limit the ability to
implement it.

•

Cost-effectiveness. Many HIV prevention interventions are orders of magnitude less
expensive than the cost of caring for persons with AIDS – they are cost beneficial.
Typically, one HIV infection prevented saves 20 disability-adjusted life years (DALYs),
while in contrast, preventing one HIV infected person from developing AIDS results in one
year of life saved (15). However there is tremendous variability in their relative costeffectiveness-- the cost to prevent one HIV infection. Relative cost-effectiveness analysis is
helpful for governments and other funders of HIV/AIDS control programs in choosing the
interventions that prevent the largest number of infections per dollar spent. Besides costs,
criteria such as the number needed to be reached by an intervention to prevent one HIV
infection (which we term the intervention efficacy ratio) can be used to prioritize
interventions. However, while there has been a marked increase recently in cost-
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effectiveness studies for HIV prevention, most of the evidence comes from industrialized
countries. In addition, the complexities of an epidemic may make it hard to assess costeffectiveness with great precision, as many effects accrue over a prolonged time span.
Mathematical modeling may provide additional insights into costs and effects (16-18). In
this paper all cost figures presented are in US dollars ($).
Section III. Interrupting heterosexual transmission
Heterosexual transmission accounts for more than 70 percent of all HIV infections worldwide,
and is the primary mode of transmission in several regions, including sub-Saharan Africa, south
and southeast Asia, the Caribbean, and North Africa and the Middle East (19;20).
It is worthwhile to briefly review the sexual transmission of HIV and other STIs (21;22). In
order for an epidemic to occur, each infected individual must on average make infectious
contacts with more than one individual an infectious contact is a contact that would result in
transmission if his/her partner would be uninfected. A R0 greater than one implies a growing
number of infections. R0 (the basic reproductive rate) is the product of three factors:
transmissibility (β), rate of partner change (C ), and duration of infection (D). R0 must be
reduced in order to lower the prevalence of the infection, and brought below 1 to eliminate it
from a population. Thus, interventions can be directed at any of these three parameters.
Interventions directed at β enhance resistance to infection or decrease susceptibility. Barrier
methods such as condoms, treatment of co-existent STIs, use of antiretrovirals to decrease
transmission, circumcision and HIV vaccines would reduce β. Interventions directed at C aim to
alter sexual behavior, including decreasing the rate of partner change, increasing the age of
initiation of sexual activity, or decreasing high risk behavior. Interventions directed at D aim to
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reduce period of infectivity, such as through use of antimicrobials and antiretrovirals, or via
contact tracing or partner notification (23).
HIV transmission is a biological event. Transmission depends on the infectiousness of the
individual who is the index case and the susceptibility of the subsequent individuals exposed.
(24;25) The rate of transmission is dependent on viral load. In Rakai, Uganda, an assessment of
HIV-1 serum viral load on the rate of transmission per act of heterosexual intercourse was
examined retrospectively among 174 HIV-discordant couples. When viral load was less than
3500 copies/ml, transmission was estimated at 0.9 per 1000 episodes of intercourse, and
increased linearly to 2.98 per 1000 when the serum viral load was at or above 50,000 copies/ml
(26;27). Differences in viral load have been noted between serum and semen (28;29). Actual
concentration of HIV in the genital tract, may in fact be the most important determinant of
transmission (30).
For HIV, the contribution of each individual to the value of R0 is not proportional to his/her
number of (unprotected) sex partners but to the approximate square of that number (31). For
example, a man with a concurrent number partners is a more efficient transmitter than a man
with serial partners even thought the number of lifetime partners remains the same. In no
national population yet studied, including in Africa, is the mean rate of C in the general
population high enough to keep R0 at 1 or higher (i.e. C=1/BD). However, C can be high enough
in vulnerable groups to increase the epidemic above a R0 of 1. Vulnerable groups are therefore
key in the chain of infection and important candidates for targeted interventions (32).
Centrality of vulnerable groups also implies relative efficiency. “Upstream” interventions (see
definitions in next section) are substantially more efficient than “downstream” interventions.
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Ensuring condom use by one core group member with 1000 sex partners per year is more than
1000 times as efficient as ensuring condom use by someone who has one sexual partner. The
number of individuals that an intervention needs to affect to prevent one infection, “the
intervention efficiency ratio”, quantifies the concept of centrality.
Over the last decade or so, research has focused on two new areas: sexual networks and phasespecific epidemics. The knowledge base is nascent and based mostly in developed countries.
Sexual network structures, the mixing patterns between different risk populations, are believed to
be largely pre-existing “social” structures. There are crucial determinants of spread of STIs (33).
Overlaying such networks, Wasserheit and Aral have defined four stages through which STI
epidemics evolve—growth, hyperendemic, decline, and endemic—with each stage
corresponding to a stage of evolution of sexual networks, vulnerable populations and control
programs (34). High levels of mixing within vulnerable populations fuel the rapid spread of the
epidemic within the group. A study in Seattle, Washington, for example, noted that mixing
patterns among heterosexuals across race/ethnicity, age, and educational categories were
significantly associated with risk of infection with gonorrhea and chlamydia (35). Bridge
populations allow for the spread of the epidemic from core populations to low-risk groups.
Overall growth depends on mixing between vulnerable and lower-risk populations. A study of
sexual networks in Cambodia identified several factors associated with being likely to be a
“bridge” among men who had unprotected sex with high and low risk partners. These included
younger age at sexual debut, peer influences, geographic residence, and past history of STIs (36).
Wasserheit and Aral’s phases were tested empirically by Blanchard et al in their study of
geographic patterns of gonorrhea and chlamydia over time in sub-areas of Winnipeg, Canada.
Blanchard found that both appeared to be moving through different stages of the epidemic, with
HIV Prevention
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chlamydia, in an earlier phase, becoming more dependent on vulnerable groups, and gonorrhea
transmission, in a later phase, to be more sporadic (32). In addition, analysis of sexual network
structure of community-wide chlamydia over a 4 year period in Colorado Springs, USA, showed
that it was a potentially faster and more reliable way to determine STI epidemic phase, which
can be used to design better interventions. (33). More applications of network structures are
required in developing country settings.
There is a belief that a focus on vulnerable groups only applies to early stages of the epidemic
and is no longer true in a “mature” epidemic, when much transmission occurs outside vulnerable
groups. For example, some have cited the forthcoming four-city study in Africa (37) to question
the relevance of vulnerable groups to the African epidemic. The study is a ecological
comparison of about 2000 adults in four areas: two areas with lower HIV prevalence in West
Africa (Cotonou, Benin, averaging 3% and Yaoundé, Cameroon, averaging 4%), and two in
Central/East Africa with generalized epidemics (Kisumu, Kenya, averaging 25% and Ndola,
Zambia, averaging 27%). The study finds that differences in the rate of partner change,
concurrent sexual partners, use of sex workers or overall condom use did not explain the
ecological variation. The only behavioral variables that explained the differences between high
and low prevalence settings were the age at which girls became sexually active, and the age at
which men and women first married. The study also found higher rates of ulcerative STIs and
lower rates of circumcision to explain the variation.

This study, while useful, has fundamental flaws. First, ecological studies are useful at showing
differences across populations, but are poor at explaining these differences. Given the study had
only four comparison units, its power to detect differences would be low. Ecological studies
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suffer numerous other problems of inference of their results (38). Complicating matters, the
comparisons of sexual behavior do not take into account that sexual behavior is not normally
distributed (Figure 1 from Kenya, one of the high prevalence settings, demonstrates such
variation). Second, the study did not report the differences between HIV positive and HIV
negative individuals. Studies of individuals are far more informative to understand the chain of
transmission (i.e., if the infected individuals were one, two or several contacts away from a
putatively infected vulnerable group individual, and what co-factors of transmission, such as
STIs, might be). Even if the study chose to do so post-hoc, it has too small a sample size to be
reliable- only about 60 to 80 HIV positive cases would be available for analyses in the each of
two low-prevalence areas. The ecologic finding of higher rates of ulcerative STIs and lower
rates of circumcision itself supports underlying sexual transmission. Thus, the study does not
definitively refute the importance of vulnerable groups in high prevalence settings. Further
epidemiological studies focusing on individual differences are required to confirm the suggestion
that vulnerable groups are not central to generalized HIV epidemics. Its worth noting that the
totality of the mathematical and conceptual work noted above suggests that “memory” of the
epidemic is of limited duration and in the long run, the major determinant of the epidemic is
sexual behavior.
III. 1. Interrupting heterosexual HIV transmission: interventions with strong evidence of
effectiveness
Effective interventions to interrupt heterosexual transmission include peer-group interventions
among sex workers and interventions for high-risk heterosexual males.
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a) Peer Group Interventions Among Sex Workers
In countries with high rates of HIV infection, women in sex work are at enormous risk of
acquiring and transmitting HIV, and unsafe sex for money has fueled the HIV epidemic in many
developing countries. Sex workers rapidly become HIV infected and transmit infection to their
clients, who in turn transmit HIV to their other female sex partners, and who in turn transmit to
their children. Each infection prevented “upstream” among female sex workers prevents all
“downstream” ones, except in situations where the transmission risk is high from other risk
behaviors. The centrality of unprotected sex within vulnerable populations is perhaps best
illustrated by the observation that major heterosexual HIV epidemics only occur in societies
where unprotected commercial sex is common. The first effective prevention intervention to be
described in this context (39), and the one with the highest impact, is peer education programs
directed at safer sexual behavior among women in prostitution.
Peer education programs typically use well-trained peers such as former sex workers to
disseminate information and safer sex supplies, conduct skills building sessions, and provide
referrals. Around the world, it has been possible through peer programs to increase condom use
by sex workers to high levels, maintain high levels of condom use over long periods, reduce the
incidence of HIV and other STIs among sex workers and prevent further spread of infections
(Figure 2) (40-43). One intervention project among 2000 sex workers in the Pumwani area of
Nairobi has been estimated to prevent some 6,000-10,000 infections annually (44). Thailand
acted upon this insight with national-scale multiple interventions of which the key was a 100%
condom program for sex workers and their clients; a significant decline in HIV incidence
resulted (45) and HIV-1 prevalence has stabilized at approximately 2% of the adult population.
Cambodia has begun to replicate the 100% condom program and preliminary reports suggest
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increases in condom use and decreases in HIV incidence between 1997 and 2000 (46). India has
adopted this approach as a central element in its new national AIDS control strategy. Sex worker
interventions are typically low-technology and are relatively replicable in the presence of NGO
capacity (see Box 1). They can work in the absence of peripheral health delivery capacity,
although referral and treatment of STIs do require such capacity. The intervention ratio, effect
size and cost effectiveness of this type of intervention are compared to others in Table 1.While
the efficacy of these programs has long been understood, they have only been implemented at a
national scale in Thailand. Contrary to some beliefs, peer-mediated education programs
generally reduce the stigmatization associated with the sex trade, spark community development,
and also contribute to the control of other STIs (41). Another fallacy is that these interventions
promote prostitution. In Nairobi, for example, the number of women in the community reporting
sex work declined during implementation of sex worker peer group interventions (12).
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Box 1: Interventions Targeting Commercial Sex Workers
Commercial sex work takes place in many parts of the world. Commercial sex workers (CSWs)
may work in more formal settings such as brothels, massage parlors, and bars, as well as in less
formalised settings, such as homes, truck stops, restaurants, and the streets. High levels of
vulnerability to HIV infection, coupled by the opportunity to have large downstream impacts on
HIV transmission, have spurred efforts to prevent HIV infection among this population.
Successful prevention programs have been developed in several parts of the world, including
Calcutta and Tamil Nadu (India), Nairobi (Kenya), and Thailand that have focused on reducing
HIV risk among CSWs. While no two programs are alike, they do have certain components in
common: the use of peer educators in the dissemination of information, condom distribution, the
development of condom negotiation skills, and referrals for additional needed services.
Peer education efforts involve the recruitment and training or individual CSWs, either currently
active or retired, to bring about individual level changes in knowledge, attitudes, beliefs and/or
behaviors among members of their cohort. Because they are members of the community that they
serve, are acquainted with the particular issues facing the women and generally have the trust of the
individuals being targeted by the intervention; they can therefore more successfully access and
engage CSWs in HIV prevention efforts than other health providers. Peer educators are also
perceived as being role models, and as such as having greater influence in changing community
norms. The definition of a peer varies across projects to include other key gatekeepers or
stakeholders, such as brothel madams, pimps, bar owners, and security personnel (246). Peer-based
efforts are often linked to other efforts for HIV prevention, including STI management, volunteer
counseling and testing, primary health care services, as well as additional services including
education, vocational training, legal assistance, and advocacy.
Peer-based CSW interventions have been successful in both developing and developed country
settings, in urban and rural areas, and across countries with the full spectrum of legal status for
commercial sex work. Examples of successful programmes include work in Nairobi, Kenya (247),
the Sonagachi Project in Calcutta, India, outreach efforts in Tamil Nadu, India, and the 100%
condom programme in Thailand (61; 247- 249). Peer-based CSW interventions are often coupled
with peer education efforts with CSW clients through outreach or work-based strategies. These
efforts can enhance the impact of CSW programs but are not necessary for their success. CSW
programs, properly implemented, by themselves can have a significant impact on HIV transmission.
The challenges to developing and sustaining peer-based CSW interventions are several (246). The
often illicit nature of commercial work means that the numbers of people, their location, and their
needs are unknown. Community mapping, participatory processes, training and support, and
building trust with these traditionally marginalised communities are crucial components in the
successful implementation of these interventions. Pre-existing working relationships between
NGOs, community leaders and political leaders, either local or national, are important to facilitate
access and delivery of interventions; without them, efforts can become highly constrained and
ineffective. Support and incentive structures must also be in place to assist peer educators while at
the same time not removing them from their place within their cohort. However, the success of
existing programmes demonstrate the feasibility of their implementation, despite the challenges.
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b) Interventions Among Males With High-Risk Heterosexual Behavior
High-risk male behavior, notably having unprotected sex with a sex worker, is also central to the
heterosexual spread of HIV. Intervening among high-risk men is more complicated than
intervening among sex workers. High-risk men are not as readily identifiable as are high-risk
women. Many men in occupations involving long absences from steady partners (truck drivers,
miners, plantation workers, the police and military) practice unsafe sex with multiple partners,
but not all of them do. This reduces the efficiency of any interventions. These men are often
amenable to interventions (47-49) through the workplace, although the effect size may be
modest. One effective strategy for intervention has been through workplace peer education. A
randomized trial of this type of intervention in Zimbabwe found a 30% reduction in HIV-1
incidence (49).
Unfortunately, many high-risk men do not belong to readily identifiable groups. Alternate
strategies, therefore, need to be used to reach males involved in high-risk heterosexual behaviors.
A recent randomized trial in an urban setting in Latin America targeted motels with condom and
information programs for both commercial and non-commercial sex (50). It showed 30% to
50% increases in condom use in commercial and non-commercial sex contacts when condoms
where placed in the motel rooms. While directly handing condoms to couples was similarly
effective for commercial sex, it was less effective for non-commercial sex; surprisingly, the
presence of health education materials reduced the frequency of condom use.
Approaching sex workers to make sex worker-client contacts safer is often more efficient than
approaching their clients, as there are many fewer of them. For sex workers in the Pumwani
cohort in Nairobi, two orders of magnitude more men would need to be reached and their
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behavior affected if the intervention were to target men rather than women. This is less efficient
and more costly, even if it were to have an equivalent effect on behavior (Table 1).
III. 2. Interrupting heterosexual HIV transmission: interventions with some evidence of
effectiveness
Possibly effective interventions to interrupt heterosexual transmission include management of
STIs, voluntary counseling and testing and male circumcision.
a) Improved Management Of Bacterial Sexually Transmitted Infections
Piot and colleagues first hypothesized that conventional STIs were a risk factor explaining the
high frequency of heterosexual transmission of HIV in Africa in 1984 (51). Since then, the
presence of an STI has been shown to increase susceptibility to HIV infection, perhaps by
disrupting mucosal surfaces or modulating mucosal immunity (52;53). STIs also increase HIV
shedding in the genital tract, thereby increasing the infectivity of an infected person (54-56).
These considerations prompted the landmark randomized community trial in Mwanza, Tanzania,
which showed that providing simple STI management to the general population could reduce
HIV incidence by 38% (95% CI 15-55%) ; absolute risk was 1.9% in the control group versus
1.2% in the intervention group (57). Another randomized community trial, conducted in Rakai,
Uganda, based on periodic mass STI treatment of adults, failed to reduce HIV incidence (58).
Neither study appeared to have a substantial impact on STI prevalence, sparking much debate
about their interpretation. However, more recent and longer term follow-up of the Mwanza study
does suggest a reduction in STIs (59). In addition, observational studies have clearly
demonstrated the presence of STIs to be a risk for HIV infection. Thus, while STIs definitely
contribute to the spread of HIV, the best strategies for controlling them, particularly in
generalized epidemics, still need further study. Since having an STI is a marker for risky
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behavior, STI patients are an important target for interventions. While this is widely recognized
and has proven to be successful (60), few systematic studies have been conducted. STI
interventions among sex workers have also been shown to contribute significantly to HIV control
(61-64).
In view of the debates surrounding these interventions, assessing cost-effectiveness of STI
control is difficult. For improved case-management we only have the Mwanza study, which
suggests favorable cost-effectiveness (Table 1) (65).
b) Voluntary Counseling and Testing
There is growing enthusiasm for voluntary counseling and testing (VCT) as an HIV prevention
strategy to be used across different populations. VCT has been discussed as a gateway to the
provision of other interventions, including prevention of mother-to-child-transmission and
administration of antiretrovirals. Thus, its benefits as a prevention measure by itself are hard to
measure.
The direct effect of VCT alone on HIV risk behaviors remains uncertain despite several studies,
including some randomized trials (66;67). The most consistent behavioral change effects have
been observed among HIV discordant couples (68-71). A randomized control trial of 5758
individuals presenting at STI clinics in the United States examined the impact of enhanced
counseling versus didactic messages typical of current care. At twelve month follow-up, 20%
fewer new STIs were observed among individuals receiving counseling as compared to the
didactic control group (72). In the didactic control arm 211 participants had developed new
STIs, as compared to 165 of those receiving enhanced counseling and 173 receiving brief
counseling; differences versus the control group were all statistically significant. There are fewer
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studies of the efficacy of VCT in developing countries (73-76), where there are many
impediments to their implementation (77). One randomized multicenter trial of VCT showed a
decrease in risky sexual behaviors at six months and one year following counseling (14). The
main effect overall effect was decreased unprotected sex with non-primary partners, and in some
sub-groups there was no effect on non-regular partner sexual contacts. There was no overall
effect on the incidence of STIs. It is unclear how sustainable the behavioral changes were, as
long-term follow-up was not reported. Cost per healthy year of life gained ranged from $346 in
Tanzania to $249 in Kenya (78); however, the transmission rate used in modeling the effect size
was very high (67), which would significantly underestimate the costs per infection prevented. It
is also unclear who would seek counseling and testing, as high-risk individuals might avoid such
services (79). Even if effective, it is likely that this type of intervention only becomes relatively
efficient and cost-effective at higher HIV prevalence.
b) Male Circumcision
A wealth of evidence has accumulated indicating that uncircumcised men are at higher risk of
HIV infection (80). This association is likely causal. Male circumcision could significantly
reduce HIV susceptibility of men permanently, assuming that there is no effect of circumcision
on increasing risky sexual behavior. In a recent cohort study among male partners of HIV
infected women in Uganda, none of the 50 circumcised male partners seroconverted during 106
person-years of follow-up compared to 40 seroconversions among 137 uncircumcised men
during 239 person-years of follow-up (81). Given the epidemiology, there is renewed interest in
performing intervention trials. One such trial is being planned in South Africa, introducing male
circumcision in a region where it is not traditionally practiced (82). A larger trial in Kenya is
being planned that will randomize 2800 males to either early or delayed circumcision (83).
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III. 3. Interrupting heterosexual HIV transmission: Interventions with limited evidence of
effectiveness
Interventions with limited evidence of effectiveness in interrupting heterosexual transmission
include microbicides, mass media education, education programs for youth, use of highly-active
antiretrovirals to disrupt general population transmission and reducing the supply of sex workers.
a) Microbicides
There is a critical need for female controlled-methods of protection against HIV and other STIs.
Vaginal microbicides have been suggested, along with female condoms, as potentially feasible
alternatives. Vaginal microbicides would need to respond to a range of STIs, allow reproductive
capacity, be limited in their toxicity, and be acceptable for sexual behavior (30).
The only microbicide currently in widespread use in nonoxynol-9 (N-9), a detergent. It’s
effectiveness in HIV and STI control has been examined in several randomized control trials
(54;84-87). While one study showed that N-9 might slightly reduce the risk of gonorrhea and
chlamydia transmission (84), recent results of a large four-year, four-country randomized control
study indicate that N-9 appears to increase HIV acquisition, perhaps as a result of increased
vaginal inflammation resulting from frequent use (87). Other products being tested as potential
microbicides include other detergents, polymers designed to block HIV attachment, compounds
expected to change the pH of vaginal fluids, and suppositories aimed at increasing lactobacilli in
the vaginal area, in the belief that the bacteria contribute to resistance of other STIs (30).
b) Mass Media Education
A hard lesson of the first two decades of AIDS prevention programming is that while
information, education and communication approaches are highly effective in increasing
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knowledge of HIV/AIDS and creating an environment conducive to other interventions, they
have by themselves little effect on behavior. Studies from several industrialized countries have
shown improvements in levels of HIV-related knowledge following mass media campaigns, but
little effect on behavior (88-92). Even where behavioral change follows a mass media
intervention program, the impact may be short-lived (93). There are very few studies of the
effects of mass media campaigns in developing countries. It has been observed in India that the
mass media are an important source of knowledge regarding HIV, but that this knowledge is
inadequate and contains misconceptions (94). Thus, mass media can be used effectively to
disseminate knowledge about HIV and create an environment that is permissive for more
focused interventions, but is unlikely to have much direct impact on behavior by itself.
c) School-Based Programs For Youth
As high incidence rates of HIV infection are frequently observed among young people in
developing countries (95), protecting youth is a goal of all HIV prevention programming. Age
differentials between male and female sex partners are used to justify the need to target youth.
There is, however, little evidence that general school-based interventions for youth reduce HIV
or STI incidence. Studies which have examined impact of such interventions, chiefly those
focused on curriculum changes, or school-based information campaigns, for the most part have
found that, while knowledge often improves, there is little evidence for sustained adoption of
safer sexual behaviors (96-101). The mean age of initiating sexual intercourse may fall
somewhat (102), but this will have little effect on the progression of the HIV epidemic. Some
programs, however, have shown some evidence of positive behavioral change (103), often in the
context of peer education approaches vulnerable youth (104). A recent randomized HIV risk
reduction intervention among Namibian adolescents in schools indicated again that knowledge
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improved considerably, but a modest change in behavior was observed only among youth who
were sexually inexperienced at baseline; it is not clear whether the effect was sustained (105).
While it is clearly necessary to provide youth with accurate information on protecting themselves
against HIV, particularly in areas with high HIV prevalence, general youth education programs
alone have limited impact on behavior. More focused programs that use more peer education are
less well tested, but an ongoing randomized trial in Tanzania should provide more useful data.
The new trial will evaluate primary school-based health education with a peer education
component, youth-friendly sexual health services, and community mobilization. Twenty rural
communities have been randomized into either the set of interventions or routine school lessons;
all will receive syndromic management for STIs as well as family planning services (106).
c) Population Impacts Of Transmission From Highly Active Anti-Retroviral Therapy
The advent of highly effective anti-retroviral therapy (HAART) has been a major advance in the
therapy of HIV infection and AIDS (see related CMH papers on AIDS care and the impact of
prevention and HAART interventions). HAART prolongs and improves life but is not curative.
The effect of using treatment as a prevention strategy is uncertain. Most studies have suggested
that HAART reduces viral load (81) and therefore probably transmissibility. However, as
mentioned earlier, some studies show differences between serum and semen HIV viral load (28;
29). The currently recommended “late” entry into HAART –namely beginning treatment when
AIDS symptoms appear-- might not materially reduce transmission, as viral load is highest early
in HIV infection and drops over time. It may in fact take people who were out of the
transmission pool and put them back in, albeit at lower infectivity.
Risky behavior appears to be increasing among men who have sex with men in some North
American cities (107-109), perhaps because of the availability of HAART. The US-based
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Young Men’s Health Study found high rates of HIV infection among young men who have sex
with men (110). There are also recent reports of increasing rates of HIV and STI among men
who have sex with men in San Francisco and Ontario, Canada, areas that had declining or
stabilized epidemics for many years (107;111). Mathematical modeling of HAART coverage
among gay men in San Francisco suggests that even a 10% increase in risky behavior would
negate the transmission benefits 50-90% coverage levels of the population with HAART (112).
In Nairobi, 100% condom use among commercial sex workers decreased and HIV incidence
increased on two separate occasions when “quack cures” received wide media coverage (12)
(See Figure 4). It is worth noting that actual coverage with HAART does not exceed 30% in
most western communities.
Despite these caveats, HAART as a prevention strategy cannot be ruled out in the future. Using
HAART early in infection to boost immune response, possibly along with a low efficacy
vaccine, is possible. Some mathematical models have suggested that targeting HAART to
vulnerable groups might be highly effective in reducing overall transmission (113, see also the
related CMH paper on the impact of prevention and HAART).
d) Reducing The Supply Of Sex Workers As An HIV Prevention Measure
Some have proposed programs to reduce the supply of sex workers as a strategy to reduce HIV
transmission (114). Several such programs have been carried out in Thailand (115), but they
have not achieved their objective. As long as there is demand for paid sex, preventing entry of
one person into sex work will often result in substitution by another. In contrast, interventions
that raise the legal costs of exploitation of child sex workers or rape, and enforcement of legal
sanctions, may be effective (116) by raising costs for all parties and reducing the possibility of
substitution. Cross sectional studies also suggest that high urban male-to-female ratios may
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predict HIV susceptibility; thus, interventions that lower the urban male-to-female ratio, such as
increased job opportunities for women in urban areas, could decrease HIV infection rates (117).
Overall, attempts to reduce supply are unlikely to be effective, and would certainly be very
costly to implement on a wide scale.
Section IV. Men who have sex with men (MSM)
While much of the HIV transmission in industrialized countries is between men who have sex
with men (MSM), infections in this group is estimated to contribute only 5-10% to the global
HIV pandemic (118). The prevalence of HIV in MSM varies geographically. Significant rates of
homosexual transmission have been reported in several low and middle income countries,
predominantly in South East Asia and Latin America. UNAIDS estimates that 48% of HIV
infections in Latin America and the Caribbean are among MSM (119) and several Asian
countries such as Thailand (10%) (120), Indonesia (32%) (121), and Taiwan (34%) (122) have
also measured significant rates.
In many developing regions, the initial detection of HIV was in the homosexual population, but
over time on the proportion of HIV positive MSM decreased as heterosexual and injection drug
use transmission began to rise (118; 123-126). This was especially evident in Eastern Europe as
HIV rapidly spread among the injecting drug using population (127).
Preventing homosexual and bisexual transmission is important to reducing the overall epidemic
even in countries with relatively low HIV prevalence (128). A study in India estimated that 29%
of the male prisoners had engaged in sex with other men. Most of these men also reported
having sex with women (129). In assessing the sexual practices of military personnel in northern
Thailand, one study found that 16% of the sexually active soldiers had reported having had anal

HIV Prevention

page 26

or oral sex with other males (130). Significantly, all of these men also reported having vaginal
intercourse with females. Other men who are at high risk include men and boys who live in
economically depressed areas where sex tourism is carried out (121). MSMs can therefore serve
as bridges between vulnerable groups and general populations.
MSM may or may not identify themselves or their sexual practices as homosexual, making
targeting of interventions to them difficult. Additionally, cultural taboos and denial of the
existence of such behaviors may add to the complexity of reaching this group of men.
Authorities often reject the possibility that sex between men occurs in their communities.
Furthermore, in some regions, male homosexuality may be considered criminal activity; MSM in
countries such as Malaysia, India and many African countries are breaking the law (118).
Although the laws are not always enforced, some countries, such as Yemen, respond to sodomy
law-breakers with a death penalty. This complicates efforts to identify MSM and engage them in
HIV prevention programs.
The highest risk for sexual transmission of HIV occurs during unprotected, receptive anal sex
(131-134). A recent study from the US estimated that the risk of acquiring HIV from
unprotected, receptive anal sex intercourse was 0.82 % per-contact when the partner was known
to be HIV positive (135). The virus is able to gain access to the bloodstream efficiently through
minute tears in the thin rectal mucosa. The presence of STIs can increase the risk of becoming
infected with HIV (136-140).
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IV. 1. Interrupting MSM HIV transmission: interventions with some evidence of
effectiveness
Interventions with some evidence of effectiveness to interrupt MSM-based transmission include
peer outreach. Interventions with limited evidence include STI treatment, and mass media
campaigns. More research on VCT and circumcision among MSM is required.
a) Peer Outreach
Although little has been written on HIV prevention interventions for MSM in developing
countries, they are likely to be similar to those that are directed at the heterosexual population.
Peer led prevention programs for MSM have been found to be initially effective at reducing
high-risk behavior in the US (141; 142). Peer interventions include outreach activities as well as
those that bring men together in informal and familiar places to discuss safe sex issues. A review
by Choi and Coates in 1994 of formally evaluated intervention programs found increases in
condom use (range 55-80%) and decreases in unprotected anal sex among participants of small
group interventions, whether single or multiple session in format (143). Separate studies by
Kelly and Kegeles of peer outreach among MSM in the United States found reductions in the
mean frequency of unprotected anal sex during the previous 2 months (1.68 at baseline, 0.59 at
follow-up, p=0.04), reductions in the proportion of men engaging in any unprotected anal
intercourse (from 41% to 30%), and increases in the mean percentage of occasions of anal
intercourse protected by condoms (44.7% to 66.8%, p=0.02) (141;142). Sustained peer
education programs for male sex workers and other high frequency transmitters such as prisoners
or men in the military would likely be effective in developing countries.
Programs that provide condoms, lubricants and information in places where high-risk
homosexual sex is likely to take place (bars, brothels, prisons etc) could be a strategic use of
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resources. Family Health International studies evaluating the effectiveness of condom social
marketing projects with MSM measured an increase in reported condom use during last sexual
intercourse in Jamaica (from 51% at baseline to 78%) and in Brazil (from 21% to 76%) (144).
IV. 2. Interrupting MSM HIV transmission: interventions with limited evidence of
effectiveness
a) STI Treatment
Studies from industrialized countries show a correlation between a history of an STI and HIV
infection, suggesting that STI treatment for MSM might be effective at reducing HIV
transmission (137; 145; 146). Health service providers would need to be trained to examine for,
recognize and treat anal and rectal STIs. Counseling and testing must be held in appropriate
venues to reach areas with high prevalence of HIV in MSM.
b) Mass Media Programs
As with the heterosexual population, mass media programs alone for HIV prevention in MSM
are likely to be an ineffective use of resources. A study in the UK found that although 80% of
MSM remembered being exposed to an HIV prevention media campaign, less than 13% could
correctly relay the message (147). Other studies show increases in knowledge and awareness of
HIV/AIDS, but do not assess changes in behavior.
Section V. Mother-to-child transmission
UNAIDS estimates that in 1998 nearly 600,000 children acquired HIV infection from their
mothers. Worldwide, WHO estimates that there were about 470,000 HIV deaths annually among
children under age 5, or about 4% of all under-5 deaths (148). HIV transmission rates from
untreated breastfeeding HIV-infected mothers to their newborns range from 25% to 48% (149-
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151). Up to half of these infections are believed to be due to breastfeeding, the rest to
intrauterine and intrapartum transmission (152).
V. 1. (i) Interrupting Mother-to-child HIV transmission: interventions with strong evidence
of effectiveness
Intervention trials have shown that it is possible to prevent a significant proportion of mother-tochild transmission through use of antiretrovirals to disrupt transmission or replacement feeding.
a) Antiretrovirals (ARV)
Several studies have demonstrated that short courses of zidovudine (AZT) or nevirapine during
pregnancy, sometimes in combination with other antiretrovirals, reduce transmission from 3750% in low-income countries (151). Economic analyses have found that interruption of motherto-child transmission is cost-effective (153;154), with costs well below $100 per healthy life year
gained (Table 2). However, the number of mothers that the intervention needs to affect to
prevent one infant HIV infection varies with the type of intervention, efficacy of intervention,
and duration of breastfeeding. The number of women in the population who would need to be
screened in order to identify one HIV infected women is dependent on the population HIV
prevalence. This in turn affects the cost-effectiveness of these interventions (Table 2 and Figure
3).
While these interventions are undoubtedly effective, health systems capable of delivering them
are lacking in many high-prevalence countries (151). All currently effective means of prevention
of infant HIV infection require identification of HIV during pregnancy. Thus, VCT for HIV
during pregnancy is one bottleneck in implementation of these interventions. While antenatal
testing offers a unique point for intervention and identification of individuals who may otherwise
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not seek testing, it presents several issues that are distinct from VCT in settings where clients
perceive themselves to be at some risk for HIV. This includes issues such as partner
involvement and notification, maintenance of confidentiality in a high volume obstetric setting,
and dissemination of several complex messages regarding mother-to-child transmission of HIV
prior to delivery, in addition to disclosure of results to women who perceive their risk for HIV to
be minimal.
To avoid the complexity of antenatal VCT, it has been suggested that nevirapine be given
without HIV testing to all pregnant women in high-prevalence settings (155). This approach
bypasses the difficulties of VCT and may be the most expeditious way to rapidly decrease infant
HIV in high prevalence settings. It certainly requires early evaluation. Evaluation would also
need to address concerns such as that the danger that nevirapine would be perceived as a
potential cure for HIV, or that mass treatment may lead to widespread viral resistance to
nevirapine, rendering a whole class of highly effective treatment drugs unavailable.
Additionally, such a system, in not identifying HIV infected women as part of its provision,
would miss an important opportunity to counsel HIV infected women appropriately for decisionmaking about subsequent pregnancies or to counsel them on shortening or cessation of
breastfeeding.
b) Replacement Feeding
Perhaps the most challenging aspect of prevention of infant HIV in high prevalence areas has
been to identify feasible methods to decrease breastmilk transmission of HIV. Breastmilk
transmission of HIV contributes to 30-50% of infant infections among breastfeeding infants of
HIV infected mothers (152). Complicating the issue, breastfeeding may also have adverse
effects on maternal mortality (156). Although there is not ‘rebound’ increased viral load in
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mothers who have received short-course antiretrovirals, there is persistent breastmilk HIV
transmission over the duration of lactation. Thus, breastfeeding does not eliminate the benefit of
peripartum antiretrovirals but the overall efficacy of short-course antiretrovirals is substantially
lower among breastfeeding mothers (~25%) than among non-breastfeeding mothers (~50%)
(157;158).
The majority of breastmilk HIV transmission appears to occur in the early postpartum period
(152). Although the two regimens have not been compared in a single study, the HIVNET 012
regimen appears to have more sustained efficacy for prevention of late transmission (39%) than
short-course zidovudine (27%) in breastfeeding populations (159;160). This may be because
nevirapine more effectively reduces maternal breastmilk HIV or provides better infant
prophylaxis during the first week postpartum, a critical time for transmission, or because
nevirapine results in production of a more effective infant immune response that protects against
recurrent breastmilk HIV exposure. Cofactors for breastmilk HIV transmission include maternal
HIV RNA load, primary HIV infection, maternal immunosuppression, mastitis, and breast
abscess (161-163). One study has suggested that early introduction of weaning foods may
increase breastmilk HIV transmission and this has been the basis for increased promotion of
exclusive breastfeeding among HIV infected women who choose to breastfeed (164).
The most effective way to prevent breastmilk HIV transmission is to recommend that HIV
infected mothers not breastfeed their infants. A randomized trial in Kenya demonstrated that the
use of replacement feedings prevented 44% of mother-to-child HIV transmission, and led to a
21% higher rate of HIV-free child survival at 2 years (152).
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Several authors have expressed concern that the benefits of breastfeeding, which protects against
mortality from respiratory disease and diarrhea, may outweigh the risks of HIV transmission
(149;165). Replacement feeding may be difficult to implement in areas with poor sanitation,
limited access to breastmilk substitutes, unsafe water supply or high prevalence of childhood
infections, where there is concern regarding the competing mortality risk of formula feeding. In
urban centers of sub-Saharan Africa, replacement feeding has been implemented with evidence
of efficacy in prevention of HIV without competing mortality risk, and such a model is being
evaluated in operations research for feasibility and large-scale implementation in several pilot
sites in the region (152;166;167) Outcome measures including infant mortality, community
breastfeeding practices, and stigmatization are being evaluated in these feasibility studies.
Among women who choose to breastfeed, promotion of good breastfeeding practice, exclusive
breastfeeding, and avoidance of feeding from breasts with mastitis or abscess may decrease risk
of breastmilk HIV transmission.
c) Emerging Intervention Approaches
In the future, breastmilk transmission of HIV will be approached in several ways. First,
feasibility and safety of replacement feeding are influenced by regional practice, preferences, and
competing infectious diseases risk; operations research is therefore currently being used to define
practicable public health approaches that are regionally appropriate (164). Breastmilk
pasteurization, pooled treated breastmilk, and wet nursing have all been suggested as options for
prevention of breastmilk HIV transmission, however, there is no feasibility or efficacy data on
these methods. It will be important to determine the efficacy and risks of antiretroviral
prophylaxis during lactation. Studies evaluating infant antiretroviral prophylaxis with either
zidovudine or nevirapine during the breastfeeding period are planned or underway in several
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sites, and the results of these studies are necessary before recommending this approach.
UNAIDS is conducting a multicenter study to determine the risk of mixed feeding and the
feasibility of exclusive breastfeeding. As perinatal HIV intervention programs are implemented
on a wide scale, resistance to either zidovudine or nevirapine may require altered approaches
both to perinatal and breastmilk HIV transmission. Finally, vaccine-generated immune
responses that confer protective immunity to breastfeeding infants may be the most sustainable,
feasible approach to prevention of breastmilk HIV transmission, but unfortunately this is also
approach that will require the longest time for development. There are over 20 ongoing or
planned perinatal HIV intervention studies in breastfeeding populations in Africa and India.
Interventions to be evaluated include antiretroviral prophylaxis, infant feeding pattern, vitamin
A, chlorhexidine, immunotherapy, and vaccines. Results from these studies will become
available during the next 5 years.
In sum, the most effective way to avert both HIV infections in infants, and to prevent children
from becoming AIDS orphans, is to prevent infection in their mothers. In low-prevalence
settings the absolute number of infant infections prevented by interrupting mother-to-child
transmission is small (154), and the costs of screening and counseling per case averted are
relatively high. In high-prevalence settings (>10%), antenatal VCT with delivery of ARVs and
replacement feeding offers the opportunity to cost-effectively avert infant HIV and to provide
important education and counseling to women who would otherwise not receive counseling on
HIV prevention or testing for identification of HIV. Identification of asymptomatic HIV in
young women will be important for prevention of further pregnancies and infant infection, and
enable women to access interventions that may prolong maternal health and survival.
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Counseling and testing HIV uninfected women also provides an important opportunity to
promote messages for prevention of HIV in women at risk.
Despite the fact that mother-to-child transmission is highly amenable to intervention programs,
their large-scale delivery is complex. Thus, for most developing countries with prevalence
below 5% among adults, including many African countries, greater emphasis should be placed
on preventing upstream infections, for example through sex worker programs. In countries
where perinatal transmission interventions are affordable and practicable, their cost-effectiveness
seems to be a compelling ground for implementing them.
Section VI.

Injection drug use and HIV infection

Injection drug use (IDU) is a major source for HIV transmission in many parts of the world. In
Asia, injection drug use has been the main mode of transmission in Malaysia (75% of all cases),
Vietnam (65% of all cases), the Yunnan province of China, and the northeastern states of India
(168-170). In Latin America, injection drug use has been a key factor in the HIV epidemic in
the several countries, including Argentina, Brazil, and Chile (171). Parts of Eastern Europe are
seeing rapidly growing HIV epidemics driven primarily by injection drug use. In still other
regions including North Africa, parts of Western Europe, the Middle East, and the United States,
injection drug use is a significant contributor to the HIV epidemic (168). IDU populations have
served as entry points for HIV into other risk groups and to general populations.
The illicit status of injection drug use makes it difficult to accurately estimate the numbers of
individuals involved or the full spread of the practice. Ball et al estimated that in 1998 there
were at least 5.5 million IDUs worldwide, spread across at least 129 countries and territories, up
from a total of 80 in 1992 (168). HIV infection among IDUs has been reported in 103 of these
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areas (see Figure 5). The increase in the reported prevalence of injection drug use is due
primarily to its spread along newly established trade routes, although increased awareness and
public acknowledgement of the issue is also a factor (171-174). Worldwide, heroin is the main
illicit substance injected; other substances injected include cocaine and buprenorphine.
HIV can be transmitted through multiple-person use of injection materials including needles,
syringes, filters, cookers, and rinse water (collectively known as “works”) (175). Sharing occurs
between individual drug users as well as through communal injectors who both provide the drug
as well as inject the substance for the user often using makeshift equipment. The shared use of
drug paraphernalia can lead to the explosive spread of HIV within injection drug using
populations, with dramatic increases in short periods of time, increasing from 0 to 50%
sometimes in as short a period as six months (169). The risk of transmission of HIV through
shared “works” depends on the background prevalence of HIV infection within the population as
well as on the sharing behavior. The higher the prevalence of HIV within a community, the more
likely an instance of sharing can result in HIV transmission (176). For example, in a population
with 10% HIV seropositivity, a new user shooting up once a day has a 90% chance of using an
infected needle within 21.5 days from onset of injecting. If the user shoots up three times a day,
the number of days drops to seven; at a rate of five times a day, a new user has a 90% chance of
using an infected needle within four days (169). Abdala et al showed that HIV-1 can survive for
more than 4 weeks in used syringes kept at room temperature (177).
Interventions to reduce injection-related HIV transmission are based on an approach known harm
reduction. The approach acts on the belief that individuals who are not prepared to abstain
completely from drug use can still undertake measures to reduce their risk of HIV infection
(178). Harm reduction strategies span from efforts to reduce the risk of HIV infection (cleaning
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and reduced sharing of works) across efforts to reduce injection drug use (reduced injecting, use
of alternate noninjectable substances) to cessation in overall illicit drug use (176).
Injection drug use also contributes to sexual transmission of HIV. Evidence from China
indicates that younger IDUs have more sexual partners and are unlikely to use condoms (179).
There is an association between injection drug use and commercial sex work for women (176).
Its spread among injection drug user populations to their non-IDU sex partners and their
offspring is dependent on the mixing patterns between populations as well as safer sex behavior
practices. HIV prevention efforts targeting individuals injecting drugs should therefore include
efforts aimed at reducing risks resulting from unprotected sex.
VI. 1. Interrupting IDU HIV transmission: interventions with strong evidence of
effectiveness
Several strategies have been shown to be effective in reducing HIV risk behaviors among IDUs.
While there is some difficulty in teasing out which components are most effective, there is clear
evidence that needle exchange programs, peer outreach, and methadone maintenance programs
are effective.
a) Needle Exchange Programs (NEPs)
NEPs are programs that increase access to sterile syringes and needles, and have been proven to
reduce sharing, thus reducing the risk of HIV infection (180). NEPs not only provide sterile
injecting syringes and needles, usually in a one-to-one exchange for used ones, but also provide
participants with information on safer injection practices and on how to clean works, referrals for
drug treatment, and information and condoms to prevent sexual transmission of HIV.
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There is strong evidence through studies, mostly from developed countries, that the existence of
NEPs decrease the shared use of equipment. An ecological study of HIV seroprevalence in the
United States found that HIV seroprevalence in 27 cities with established NEPs decreased an
average of 5.8% among injection drug users, whereas in 52 cities without NEPs, HIV
seroprevalence rates among injection drug users increased 5.9% (181). Limited information is
available on the effectiveness of NEPs in developing countries. One study in Nepal showed a
significant reduction in unsafe injection practices; however, HIV prevalence remained low, and
the study was not able to measure impact on HIV seroconversion (182). Another similarly sized
study in Madras, India showed reduction in needle use and sharing, but did not demonstrate any
differences in the numbers of casual or commercial sex partners (182;183). A recent review
concluded that 10 of 14 studies reviewed suggest decreased needle sharing resulting from NEPs;
the review concluded also that NEPs are effective in getting IDUs into drug treatment programs
(184). As of yet, there has not been a formal meta-analysis conducted of the effectiveness of
NEPs. A New York City study of 1752 IDUs found that participation in needle exchange saw a
59% relative risk reduction in borrowing needles and a 73% reduction in renting or buying used
needles from onset of participation in the NEP. The study also saw a significant decline in
needle reuse, from 12% to 4% (66% reduction in relative risk (185). In a review of five studies,
Simonsen et al found the median point estimate of infection from an HIV-infected needle to be
0.3%, with a range of 0.2-0.5% and the caveat that the transmission rate may vary considerably
with the stage of infection and the age of the person infected (186). Therefore about 333
injections with shared needles by an HIV uninfected individual must be averted to prevent one
case of HIV transmitted by infected needle. Since much needle sharing takes place between two
uninfected or two infected individuals, the required number of injections with shared needles per
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infection must be much larger. Assuming an individual injects 3 times a day, that averages to
reaching approximately 110 HIV infected individuals to prevent one HIV infection.
NEPs can be controversial, with critics arguing that they endorse injection drug use and will
increase its prevalence. Data available provide no evidence that they increase the amount of drug
use by clients, change overall community levels of drug use, or increase the numbers of
discarded syringes in the community (176;180;187). Median costs per participant contact range
from $1.35 in the United States to $3.21 in Nepal (169). In their review for the US Centers for
Disease Control and Prevention, Lurie et al calculated cost-benefits of NEPs and found ranges of
the cost per HIV infection averted in the US to be between $3800 to almost $100,000, below the
estimated lifetime cost of treating an HIV-infected person (180).
b) Peer Outreach
Peer-based community outreach uses trained IDU peers to disseminate information, education,
and safer injecting materials, but may or may not include needle exchange activities. Peer
outreach is effective in accessing IDUs not in treatment. Several models of outreach have been
tested to provide IDUs with information on how to clean their works and provide them with the
necessary cleaning supplies, encourage users not to share their equipment, and use sterile
equipment whenever possible. A review of 36 publications found that peer outreach can reduce
drug use risk behaviors and is effective in providing referrals for drug treatment entry (178). A
review of outreach-based strategies showed a decrease of 16-34% at follow-up in the reuse of
non-syringe injection materials across four studies, a decrease of 14-43% in syringe reuse at
follow-up across four studies, and that 24-31% of IDUs across five studies had stopped injecting
between baseline and follow-up. The review also revealed that outreach activities across seven
studies resulted in 11 to 62 fewer injections per IDU reached per month (188).
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c) Methadone Treatment
Oral methadone is the most commonly used method to maintain individuals who inject heroin
but who are not ready to abstain from drug use. Most programs include other services including
counseling and social services (187). It has been widely evaluated as a form of drug treatment in
developed countries, and is associated with reduced rates of injection and sharing of injection
equipment for individuals in treatment (176;178). Methadone maintenance has been shown to
reduce injection frequency between 60-84% and reduce sharing of syringes or needles by 5081% (189). Annual costs of methadone maintenance in the United States run at $5250 per
person, based on an analysis of 600 programs conducted by Barnett et al (190).
VI. 2. Interrupting IDU HIV transmission: interventions with some evidence of
effectiveness
Possibly effective interventions to interrupt HIV transmission due to injection drug use include
programs promoting alternate substances, detoxification, and abstinence and programs targeting
risky sexual behaviors of IDUs.
a) Alternate Substances, Detoxification, And Abstinence Programs
Methadone is not the only opiate used in therapy programs. Other drugs used include levoalpha-acetylmethadol, buprenorphine, tincture of opium, and pentazocine. These programs
operate under similar premises as methadone programs and could potentially be equally as
effective in reducing HIV risk behaviors. Programs designed to eliminate individual dependence
on drugs not only eliminate HIV risk associated with drug injecting but could also reduce risky
sexual behaviors related to sex work, the exchange of sex for drugs, and unprotected sex while
under the influence of drugs. Several programs, particularly in Asia, promote rehabilitation
before detoxification. In Asia and Africa, community organizations and traditional healers
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provide forms of treatment that incorporate abstinence and individual engagement in
rehabilitation activities (176;191). Anecdotal reports indicate that these programs are effective;
formal evaluations have not yet been conducted (176). Alternate methods need to carefully
introduced to avoid the substitution of abuse of one injectable substance for another, without any
changes in HIV risk behaviors. In India, for example, use of intramuscular injections of
buprenorphine to treat individuals withdrawing from heroin has triggered the spread of illicit
buprenorphine injecting in some communities; in other communities, some IDUs have shifted to
injecting dextropropoxyphane, which is cheap and easily available (168;192).
b) Interrupting Sexual Transmission Among IDUs
Most programs targeting IDUs also incorporate efforts to reduce sexual transmission of HIV
(168;178;188). Preliminary results of a meta-analysis of 33 US-based, behavioral and social HIV
risk reduction programs among IDUs show barely significant changes in any sexual risk
behavior resulting from all interventions (odds ratio 0.86, 95% CI 0.76-0.98) (193). The results
of 27 studies show a smaller non-significant change in behavior, avoidance of unprotected sex
(OR 0.93, 95% CI 0.83-1.03). For the six studies that examined the use of male condoms while
having sex, the change was barely significant (OR 0.62, 95% CI 0.38-0.99). The overall
weighted average effect size of the intervention studies showed that 202 more people in the
interventions groups reduced their unsafe sex behaviors after an intervention compared to the
control/comparison groups, a risk difference of 2.9% within the intervention group or 4.1% of
those in the intervention group at risk at baseline. The small levels of change demonstrated
indicate that sexual risk behaviors of IDUs have been difficult to alter. More studies are needed
to identify how best to affect these behaviors.
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VI. 3. Interrupting IDU HIV transmission: interventions with limited evidence of
effectiveness
a) Measures To Reduce Drug Supply
Efforts to halt drug trafficking through increased surveillance, stiffer criminal penalties for
suppliers and users, and other measures in the “war against drugs” generally have not been
successful. New drug trafficking routes emerge as existing ones are patrolled or cut. A
consequence of market globalization has been the diffusion of drugs into countries that
heretofore had no history of injection drug use (171). Day et al report an increase in heroin use in
West Africa and other parts of the continent following the development in the early 1980s of
transshipment routes from Southeast Asia via West Africa to Europe and North America (173).
Likewise, as reported by Stimson et al, heroin use in the Indian state of Manipur and the Chinese
province of Yunnan is attributed to their location on heroin trade routes from neighboring
Myanmar (171). The supply control strategies being employed in many African countries, for
example, have demonstrated only limited effectiveness based on reports of increasing trading
activities and drug availability (191).
Section VII. Transmission of HIV from the blood supply
It is estimated that the global proportion of HIV transmission due to contaminated blood and
blood products is between 5 and 10% (194). In sub-Saharan Africa, less than 30% of countries
have enacted a national policy on blood transfusion (195). African transfusion-associated HIV is
thought to account for up to 10% of all cases of HIV/AIDS (196;197) and 25% of HIV infections
in women and children. HIV efficiently establishes infection when HIV infected blood is
transfused. At least ninety percent of patients who receive these transfusions eventually become
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HIV positive themselves (198). Progression to AIDS may be relatively rapid when HIV is
acquired through a blood transfusion owing to the large amount of virus that is introduced (199).
While virtually all blood products in industrialized countries undergo testing for HIV antibodies, many people in developing countries are receiving unscreened, HIV infected blood. It is
estimated that only 20-30% of the world’s health services provide blood that is free of pathogens
and in adequate supply (194).
In several countries blood screening facilities are not available (195). In others, substandard test
sensitivity has permitted HIV transmission during blood transfusions. Often tests are inaccurate
due to the unrefrigerated storage of reagents, the use of kits beyond their date of expiry, and
human error (196;200). The level of risk for contracting transfusion-acquired HIV depends upon
the capabilities of the health care system to screen for antibodies, the overall prevalence of HIV
in the donor population and the frequency of exposure to the blood products.
In Myanmar, the proportion HIV/AIDS cases that are believed to be transfusion-acquired was
0.3% in 1995 but increased to 4.6% in 1997 (201). In India, there has been a serious attempt to
improve the blood system by supporting voluntary, unpaid blood donations and licensing blood
banks (202). Despite this effort, a routine annual inspection of blood transfusion centers in Delhi
found that over half of them were “unsatisfactory” (203). Unsatisfactory blood transfusion
centers pose an increasing threat to the overall epidemic as the prevalence in the donor
population rises. In North India between 1989-1996, the rate of HIV antibodies from donors
increased from 0.04% to 0.55% (204). Those rates are relatively small, but considering that 3
million units are collected, this means that 1,650,000 units of HIV infected blood would be
transfused if all the blood was unscreened. The screening of blood for HIV is mandatory in
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India; however, there are reports that quality control for these tests is not being maintained in
most of the blood transfusion centers (205).
VII. 1. Interrupting HIV transmission from blood supply: interventions with strong
evidence of effectiveness
There are three main interventions that have been used to reduce the risk of HIV transmission
through the blood system. These include HIV antibody screening, avoiding unnecessary blood
transfusions, and excluding high-risk donors (206).
a) HIV Antibody Screening
There are a number of different tests that can be used to screen blood for HIV antibodies. Blood
banks that process a large amount of blood product typically use Enzyme-linked Immunosorbent
Assays (ELISA). ELISA are the most commonly used tests to screen for HIV infection because
of their high sensitivity, comparatively simple methodology, and appropriateness for testing
sizeable samples at once. When used properly, these tests can detect virtually all HIV positive
blood. However, there is still a small risk of transmission despite the type of antibody test used.
If the donor acquired the virus within the last one to three months, it may not be detected
(207;208).
Screening blood for HIV can be an expensive component of the overall health care system. The
costs are difficult to gauge depending upon the setting, volume produced and equipment used. A
study in Brazil was able to show a 16% decrease in price using two different ELISA tests ($1.15)
over the more complex Western Blot test ($1.80) (209). Another study reviewed the estimations
of resources that would be required to strengthen blood transfusion systems in sub-Saharan
Africa and found the cost to be between $5.30 and $18.20 per unit of blood (210). Still another
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study in Zambia in 1995 found that the total cost of averting a case of HIV through screening
was $31.62 (211).
b) Avoiding Unnecessary Blood Transfusions
Although blood transfusions can be necessary for survival during surgery, childbirth or trauma,
unnecessary bloods transfusions are often given to “revitalize” patients for a range of conditions,
such as anemia (211;212). Studies from the early 1990’s reported high levels of unnecessary
blood transfusions in Africa (206;211;212). Encouragingly, a recent report from Zambia
demonstrated much closer adherence to international requirements for blood transfusions than
was seen in the last decade (213).
Rational transfusion guidelines must be drawn up and adhered to so that those people who
require blood can get prompt access to a safe product. Alternatives to blood such saline, iron,
crystalloids and colloids should be considered, depending upon costs and availability (194;214).
Autologous transfusion could be an alternative for people that are expecting to have elective
surgery (208). Similarly, reduction of childhood and maternal anemia could be addressed
through iron supplementation and treatment of helminthic infections (see related CMH paper.)
c) Excluding High-Risk Donors
Excluding high-risk donors reduces the level of risk within the blood system. A study from Cote
d’Ivoire found that the most important risk factors in their study area were contact with a
prostitute and being aged 30-39 years (215). The study found that excluding people that had had
contact with a prostitute in the last five years would have excluded 31% of the donors but
reduced 73% of the HIV infected blood.
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Excluding paid donors is likely to reduce the risk of transfusion-acquired HIV. During the early
1990’s, Thailand recognized that the blood donor seropositivity was highest among paid donors.
In 1993, a policy was enforced that restricted blood donation to volunteers. Partly owing to this
policy, HIV-1 antibody prevalence decreased from 4.04% in 1991 to 3.34% in 1993 (216).
In countries that test all blood, HIV-infected blood donations are often made prior to
seroconversion and before high levels of viral replication occur (217). Potential donors who
have engaged in high-risk behavior in the three months prior to the testing date should therefore
be excluded.
A cost-effectiveness analysis was carried out in Zimbabwe in 1995 to estimate the cost of
averting a case of HIV through deferral of high-risk donors (197). Compared to not screening at
all, deferring of blood donors using the history of a genital ulcer cost $94 per HIV infection,
$102 when using a history of contact with a commercial sex worker and $147 using history of
multiple partners. Compared to testing alone, testing and deferral using a history of a genital
ulcer resulted in cost savings while a history of paying for sex or multiple partners resulted in a
cost of $259 and $1,578 per case averted respectively.
Recruiting volunteer, low-risk donors can be challenging. Often blood services attempt to recruit
volunteers from schools, clubs or workplaces (218). However, volunteer blood donation is not
“free” in the economic sense. The cost per unit of voluntarily donated blood in Africa can still
be about $30-50 for materials and labor (206). Social marketing studies could reveal the most
effective ways of recruiting and retaining low-risk blood donors and national blood donor
registries could be established.
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VII. 2. Interrupting HIV transmission from blood supply: interventions with some
evidence of effectiveness
Research continues on the possibility of other interventions that would reduce the risk of HIV
transmission through the allogenic blood system. Post-collection viral inactivation has been
attempted through solvent and detergent treatment and ultraviolet blood irradiation (UBI)
(208;219). Unfortunately, as blood is living matter, treatment that is intended to kill pathogens in
the blood tends to kill the delicate blood cells themselves. However, a recent study has shown
promise in heat treatment of blood. Fresh frozen plasma that is heated to 50 degrees Celsius was
shown to completely inactivate HIV (220). The procedure takes less than an hour and was able
to preserve plasma protein integrity. Sophisticated equipment is not required but the procedure
must be monitored carefully to guarantee quality. Efficacy and cost-effectiveness of this strategy
have yet to be analyzed.
Section VIII. Current state of HIV vaccines
As with other viral epidemics, an HIV vaccine offers the best method for ending deaths from the
AIDS epidemic. No HIV vaccine is available today. Here, we quickly review the scientific
challenges faced in developing an effective vaccine, describe current and forthcoming trials of
various vaccines and briefly discuss delivery issues. The reader is referred elsewhere for more
in depth discussion on biology (221-223) or innovative public private partnerships to accelerate
vaccine (www.iavi.org), and their political economy issues. Working Group 2 of the CMH
describes economic issues of supply and incentives to vaccine development.
VIII. 1. Scientific challenges to HIV vaccine development
Vaccine design and clinical testing of HIV vaccines face several challenges. These include: a
lack of clarity regarding which types of immune responses (e.g. cellular or humoral) are
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necessary for protection against HIV; and a lack of information regarding the specific
composition of HIV antigens necessary to confer protective immunity and the absence of a
validated animal model (224;225). The durability and breadth of immune responses necessary to
achieve protection under field conditions, where highly variable subtypes of HIV are circulating,
is also unclear and will remain so until human field trials with a candidate HIV vaccine
demonstrate a sufficient level of protection that studies assessing correlates of protective
immunity may be undertaken. Without animal models, testing vaccines on humans through a
range of interventions is required. Such a strategy is expensive and difficult to implement but
will lead fastest to creating a viable vaccine.
Early attempts at HIV-1 vaccination had a goal of sterilizing immunity (226). However, when
one considers vaccines against many other pathogens such as influenza virus, the goal has been
to prevent clinical disease. In fact many conventional vaccines do not prevent infection per se but
rather, prevent clinically apparent disease. Thus, the perceived potentially positive outcomes of
vaccination against HIV-1 have broadened over the 14 years since the first clinical trials. We
have come to realize that there may be other positive benefits even for vaccines that do not
confer sterilizing immunity (224;227). For an individual vaccine, the benefit may be an
attenuated infection with a lower viral load and long term slow or non-progression. For the
population, the benefit may be lower rates of secondary transmission to sex partners or infants
due to the lower viral load (228;229).
HIV-1 is one of the most mutable virus known. Within an individual the virus mutates quickly
producing a swarm of quasi-species that are constantly being selected by the immune or drug
milieu in that person. At the population level, multiple strains called clades of virus exist, and
recombination between clades creating even more diverse hybrid viruses has now been found to
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be commonplace. To put things in perspective, there is now as much diversity within each clade
of HIV-1 as there was between clades at the beginning of the epidemic. HIV-2, a related virus
has had a less explosive spread and appears to be less transmissible and virulent but also shares
the properties of mutability and is sufficiently different from HIV-1 that vaccine approaches for
each virus will likely need to be considered separately. Consequently, in terms of vaccines we
are aiming at targets that are dynamic and unpredictable, although the significance of this
variability is unclear and will be partially dependent on the type of immune protection achieved.
During the past two years, a number of new scientific advances have had a significant impact on
the strategies now being undertaken for HIV vaccine design and development. The recent
development of more specific and sensitive assays for assessing cellular immune responses have
significantly enhanced natural history studies (230). Similarly, demonstration of cross-reactive
cellular immune responses have provided renewed optimism that cross-reactive preventive
vaccines may be designed against HIV subtypes circulating in different geographic locales (222).
Recent structural biological data of specific stable HIV envelope proteins have provided new
leads for design of immunogens focused on neutralization of HIV primary (231). In addition, a
specific “dendritic” cell receptor that binds stable envelope proteins has been discovered (232).
Vaccine induced antibodies which block receptor binding may inhibit the capacity of HIV to
establish a persistent infection. Finally, data from several laboratories studying the roles of HIV
regulatory and accessory genes have collectively suggested that one or more HIV regulatory
and/or accessory genes (e.g. nef, tat, rev) may be important as components of an effective HIV
vaccine (233).
Finally, there are other challenges facing HIV vaccine testing. There are very few wellcharacterized cohorts suitable for HIV vaccine efficacy trials thus constraining multiple and
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parallel efficacy trials. Regulatory strategies for critical path development of candidate HIV
vaccines are not sufficiently harmonized among the major national/international regulatory
bodies, to allow for parallel development of similar vaccine designs in different parts of the
world.
VIII. 2. Ongoing and forthcoming clinical trials of HIV vaccines
Although the majority of candidate vaccines currently in clinical trials still focus on strains of
HIV circulating in industrialized rather than developing countries, the past two years have
yielded significant advances for a number of products. The first Phase III efficacy trials of HIV
vaccines are now well underway. VaxGen’s bivalent recombinant gp120 vaccines directed
against HIV-1 subtypes B and E (AIDSVax) is likely to report results before 2002. In addition,
both the U.S. National Institutes of Health and Department of Defense are preparing for potential
Phase III efficacy trials of a prime-boost regimen consisting of recombinant canarypox
expressing env, gag, protease and pol and nef epitopes developed by Aventis-Pasteur for priming
followed by a subunit HIV-1 glycoprotein boost. Phase I/II trials of the prime-boost approach
are currently ongoing in efforts to optimize dosing and scheduling regimens, with these Phase III
trials targeted for potential launch in 2002. Preliminary Phase I trials of new vaccine strategies
are continuing, including but not limited to DNA vaccines (Merck & Co., and Wyeth-Lederle),
viral vectors (e.g. Recombinant vaccinia- Therion, Inc.), bacterial vectors (e.g. Recombinant
salmonella- University of Maryland), HIV core structural subunit protein ( p24, Chiron) and
synthetic peptide vaccines (HGP-30), and prime-boost combinations of these products.
During the past two years, the pipeline of new HIV vaccine designs has significantly widened,
with a greater emphasis on vaccine designs applicable for use in the developing world, through a
series of innovative public-private sector partnerships. The IAVI Vaccine Development
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Partnerships are currently developing the following multigenic HIV vaccine designs: DNA
priming plus recombinant MVA boosting; Venezuelan equine encephalitis replicon particles;
Single-dose recombinant adeno-associated virus; and orally administered salmonella for delivery
of DNA vaccines. The European Union (EU) HIV vaccine effort (EuroVac) in collaboration
with Aventis-Pasteur is focusing on development and comparative testing of different pox virus
vectors containing multiple HIV-1 genes. In addition, the U.S. National Institutes of Health and
Department of Defense are supporting the development of a broad spectrum of HIV vaccine
strategies, including but not limited to recombinant MVA, oliogomeric subunit proteins, primeboost and virus-like particles.
Thus, the current themes that underlie the new push in HIV-1 vaccine development are: First, to
investigate a broad array of strategies, not just those that are the most promising. Second, to
employ a variety of immunogens and vectors in combination, to enhance immunity. Third, to
push ahead with human trials of imperfect vaccines earlier rather than later since these will give
us important immune correlates of protection or the lack thereof on which to design the next
generation of vaccines. Finally, to use non-human primate models to investigate novel strategies
but, recognizing their limitations, not allow non-human primate studies to unnecessarily delay
human trials. Finally, it is clear that even with the most optimistic forecasts, a relatively effective
and safe vaccine that can be widely distributed is a number of years away.
VIII.3. Delivery strategies
The extraordinary infrastructure that is in place to deliver immunization services can serve as a
base for HIV vaccination, but by itself it is inadequate because an HIV vaccine will not, at least
at first, be delivered to infants and children, who are the targets of most current vaccination
campaigns. Initial HIV immunization is likely to be targeted at vulnerable groups such as sex
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workers, highly sexually active adults and truck drivers as well as soon-to-be-sexually-active
adolescents—groups we do not currently have mechanisms to reach for vaccination, or in fact for
most other health interventions. As a result, we will need to create, validate and cost-out systems
to reach out to these groups. Furthermore, those who are dispossessed are more likely to be at
risk so not only will routine systems need to be used (like schools, the army, religious gatherings,
etc.) but we will need to create new delivery systems to reach out past those normal social
places, to reach the most vulnerable groups (234).
Even a vaccine that did not completely protect against infection, but that did provide enough
immunity to reduce initial burden could make a significant contribution to limiting epidemic by
making transmission to next sexual partner less likely. Conversely, there is concern that a
vaccine that is less than 100% effective could increase overall rates of HIV transmission if
accompanied by an increase in risk-taking behavior (235).
It is unlikely that any HIV vaccine will be 100% effective. Furthermore, even if a vaccine were
fully effective for HIV, persons would still be at risk for other STIs, pregnancy and other
reproductive health issues. As a result, HIV vaccine distribution and use will need to be
accompanied by full implementation of other prevention and behavior change education
modalities also a challenge in implementation. As a result, a simultaneous effort needs to be
created now to assure that systems and political will is in place to assure simultaneous access for
a vaccine in both North and South.
Section IX.

Why is coverage with effective interventions so low?

The challenges of HIV prevention in developing countries are considerable. Of the evidencebased interventions that have been shown to prevent HIV transmission, enhanced STI

HIV Prevention

page 52

management has perhaps been implemented most widely, but even then rarely on a national
scale. The coverage of these interventions in many countries is still only a fraction of what is
needed. The reasons for low coverage are complex. We point to a few.
First, there is lack of advocacy for the most effective interventions. Such interventions involve
programs in partnership with the poorest, most marginalized and most stigmatized groups. This
can be politically unpopular, as evidenced by recent experience of India, where women’s groups
protested the emphasis on sex workers in the national AIDS control program (45). The needs of
AIDS patients often compete for attention and resources. While their needs should be addressed,
in most countries the majority of HIV/AIDS resources are already directed at care, and there
must be a clear focus on preventing further spread of infection.
Second, total spending on HIV prevention interventions has been too low. UNAIDS recently
estimated that total HIV/AIDS-related expenditure in 1996-1997 from domestic and foreign
sources in 64 developing countries where three-fourths of the world’s HIV population live, was
only $549 million. Of this, $280 million (which also funded AIDS care) was spent in Brazil and
Thailand. Only $141 million of country-level spending was in sub-Saharan Africa, or about 20
cents per capita. Of this, Uganda accounted for $37 million, whereas Nigeria, the most populous
country, only spent $4 million in 1996. The World Bank is the largest external financier for
health and other programs in the world, including $233 million in cumulative disbursement for
HIV/AIDS (236). Yet, its cumulative disbursement per capita since 1990 on HIV/AIDS in
Africa has only been 32 cents.
Several costing studies suggest prevention requirements are an order of magnitude greater than
what is currently spent. The 1993 World Development Report (4) estimated that with 1993's
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tools, comprehensive HIV/AIDS and STI prevention services for all developing countries would
cost $1.5 to 2.9 billion per year and would avert an estimated 9.5 million new adult HIV
infections between 1993 and 2000. Attaran and Sachs estimate that around $5 billion to $10
billion a year is required from rich countries in the next decade to battle AIDS in Africa.
According to their estimates, prevention and community support would probably cost around $3
billion a year, and between $2 billion and $7 billion a year would be needed for treatment (237).
This assumes that the price of HAART treatment in the hardest-hit areas in Africa of $500 per
patient. Schwartländer et al estimate costs of an expanded response to HIV/AIDS in Sub-Saharan
Africa to reach $9 billion annually by 2005 with about $4.8 billion required for prevention
interventions focusing on youth, workplace programs, mother-to-child transmission and condom
distribution (238).
Thirdly, it is not only the level of spending, but the lack of priority accorded the most effective
interventions that has contributed to the epidemic. Scientific findings have had an insufficient
impact on policy (239;240). Lack of priorities among external partners adds to confusion within
countries. An early review of 60 World Bank projects (241) found that only 48% financed
condom promotion and 57% financed STI treatment, while 38% financed treatment of AIDS and
opportunistic infections. The World Bank’s most recent document on scaling up interventions in
Africa (242) barely discusses targeting groups important in transmission, provides no criteria for
priority setting and suggests that all interventions may be possible at any time. Finally, although
in many countries health systems are at or near collapse, coverage of other interventions such as
immunization has increased, even in times of economic stagnation (148).
Lastly, other constraints to scaling up HIV prevention exist. These include the lack of mapping
information on geography or occupational transmission hot spots, poor condom availability and
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quality, low access to STI treatment services, limited coverage of NEPs, limited NGO capacity,
and lack of training in outreach services. To some extent, these are amenable to correction with
higher spending, but broader system strengthening will be required, especially for STI services.
Section X.

Future directions

HIV/AIDS is a problem that threatens to overwhelm many developing countries. Although the
first battles were lost long ago, the world has powerful interventions that can prevent HIV.
Future actions could include the following:
Advocacy for evidence-based interventions
Much of the emphasis of AIDS programming and spending has been on trying to meet the needs
of HIV-infected people. This is understandable; individuals with HIV need the best care
possible and have organized themselves so that their demands are heard. However, spending
extensively on learning how to prevent HIV, either through public health programs or through
the development of vaccines, remains a priority. Perhaps this did not happen because the
constituencies that need these programs – HIV uninfected people worldwide – either do not
know they need them or, because of their marginalization, do not have sufficient political voice
to be heard. Changing this situation will require sustained advocacy for a clear focus on the
highest impact interventions, directed at the general public, policy makers and those that fund
programs (243).
Spending more and spending better
Spending on effective interventions at scale throughout Africa and Asia is key. Spending more
would achieve economies of scale, reaching efficiencies not possible in small projects. As
mentioned earlier, different estimates have been made as to the spending needed to adequately
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address the epidemic. The exact amount varies, but all agree that the amounts needed are
multiples of what is currently being spent. Cutting incidence by half would seem an attainable
objective in view of what has been achieved in Thailand. This would imply that the 5.3 million
new infections seen globally in 2000 could be halved to 2.6 million by 2007 (20). With the Thai
national AIDS control program budget of approximately $1.00 per capita, it was also achieved
cheaply. Spending also needs to be largely directed at interventions that have been shown to
work rather than dissipated in questionably effective efforts. It is encouraging that the recent
Group of Eight summit set the goal of reducing HIV-1 prevalence among youth by 25% by the
year 2010 (244). A necessary, but perhaps insufficient requirement is to achieve high coverage
(at least 90%) of evidenced-based interventions that target transmission from vulnerable groups.
Research on new interventions
While we have compelling evidence for high impact of some interventions, more are needed.
HIV/AIDS research and programming has been directed largely at understanding the disease and
how to care for patients. Prevention research requires increased emphasis and funding. A
research agenda should include studies of male circumcision, STI treatment in high prevalence
settings and vaginal microbicides, as well as cost-effective behavioral interventions for high-risk
men and high-risk youth.
Vaccine development
As discussed above, there is renewed optimism that HIV vaccines are ultimately possible. IAVI
(221) has energized the HIV vaccine research field and has catalyzed several vaccine
development initiatives. This work needs to be supported, strengthened and moved forward as
rapidly as possible. The groundwork for deployment of HIV vaccines, such as research on the
highest impact vaccination strategies and their cost-effectiveness also needs to begin now.
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Evaluation of impact and monitoring progress
We propose international, independent monitoring of coverage of key effective interventions
(245), which would report each year to a virtual forum of NGOs, civil society and the United
Nations. This would include the requirement for every country or major state to provide reliable
HIV surveillance data, mapping of transmission hot spots, estimates of coverage for key
interventions and evaluation of intervention impacts. It would also involve transparent goals
such as ensuring that at least 90% of transmission hot spots are covered by effective
interventions within 5 years. Such programs would in addition create an environment for
epidemiological and operational research and, with access to vulnerable groups, provide a setting
for testing candidate vaccines.
The experience of the first two decades of the HIV epidemic has taught us that control of the
epidemic is possible if the highest impact interventions are implemented at scale. The rapid and
widespread implementation of such interventions must be given the highest priority. Too much
time and effort has been wasted on insufficient and often ineffective action. It is past time to act
decisively and effectively.
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Table 1. Comparison of Efficiency, Effect Size and Cost Effectiveness of Different Evidenced
Based Interventions for HIV Prevention for Developing Countries: Sexual Transmission
Sex Worker
Interventions

STI
Management

High Risk
Heterosexual
1
men

Voluntary
Counseling
and Testing

MSM Peer
2
Outreach

3

0.6-1 (41;42)

48 (57)

116 (49)

9-11

-

Effect Size(Relative
Reduction in HIV
Incidence)

80% (41;42)

44% (57)

25-33% (49)

50% (78)

-

$8-12 (42)

$218 (65)

-

$249-346 (78)

-

Low

Medium

Low

High

-

Efficiency Ratio

Cost per HIV
infection
4
prevented

Dependence on
the health
delivery system

1

The efficiency ratio and the effect size are taken from a randomized trial of a workplace peer education
intervention in Zimbabwe (50). No cost effectiveness studies have been published on interventions to reduce HIV
incidence in heterosexual men.
2
Figures not available for peer outreach activities for MSM.
3
The intervention efficiency is the number of individuals who must be affected by an intervention to prevent 1 HIV
infection. These were calculated from published intervention studies.
4
Where cost effectiveness analysis has not been done the cell is blank.

HIV Prevention

page 58

Table 2. Comparison of Efficiency, Effect Size and Cost Effectiveness of Different Evidenced
Based Interventions for HIV Prevention for Developing Countries: Non-Sexual Transmission

Efficiency Ratio

Effect Size-(Relative
Reduction in HIV Incidence)

Cost per HIV infection
prevented

Dependence on the health
delivery system

Needle
Exchange
Programs

Antiretrovirals
in pregnancy

Replacement
feedings

Screening
1
of Blood

110

44 (154)

51 (152)

~2470
(198;203)

5.8% (181)

37-50% (154)

44% (152)

$3,800$100,000 (180)

$276 (155)

-

$32 (211)

Low

High

Medium

High

1

Efficiency ratio calculated by assuming 1 per cent of units not screened, 5 per cent of units are HIV-contaminated,
implementation of screening is 90 per cent effective, and risk of infection through transfusion of HIV-contaminated
blood is 90 per cent.

HIV Prevention

page 59

Figure 1: Number of Reported Sex Partners in Previous Three Months in Nairobi
Source: (46)
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Figure 2. Sustained increased condom use and reduced HIV and gonorrhea incidence in the Pumwani sex
worker cohort over 15 years. The Pumwani sex worker cohort was started in 1985 as a research project on the
epidemiology of sexually transmitted diseases (37;42). Interventions to reduce HIV-1 and STI incidence consisted
of peer education and condom promotion within the sex worker community and appropriate management of bacterial
STI. The percentage of sex workers reporting the use of condoms with all paying sex partners (heavy black line), the
percentage of clinic visits during which sex workers tested positive for gonorrhea (triangles) and the percent annual
incidence of HIV-1 seroconversion (rectangles) is plotted against calendar year.

HIV Prevention

page 61

Efficiency Ratio
160
140
120
MTCT

100
80
High Risk Men

60

Sex Worker

40
20
0
5

6

7

8

9

10

11

12

13

14

15

HIV Prevalence

Figure 3. The efficiency ratio for different interventions to prevent one HIV infection. The efficiency
ratio is defined as the number of individuals that need to be affected by an intervention to prevent one HIV
infection. Estimates were derived from a simple spreadsheet model with the following assumptions.
Female sex workers: HIV prevalence among sex workers is 50%, sex workers have 1000 partners annually
and the HIV transmission rate per sexual contact is 0.001. The number of infections is adjusted for
prevalent infections among sex worker partners. Each infection in men from sex worker contacts results in
2 other infections in the population. Intervention results in an increase in condom use to 80% of contacts.
High risk men: High-risk men are the sexual partners of sex workers. Men average 50 contacts with sex
workers annually. The other assumptions are as described under the sex worker scenario above. For both
sex worker and high risk men interventions there is little effect of population prevalence on intervention
efficiency since sex workers rapidly reach a high prevalence of HIV even when general population
prevalence is relatively low. MTCT: Interventions to reduce mother to child transmission using HIV
screening in pregnancy, anti-retrovirals and formula feeding. The baseline transmission rate is assumed to
be 30% and the intervention effect a 50% reduction in transmission.

Source: (46)
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Figure 4. Change in HIV incidence and rate of 100% condom use in response to reporting
of quack cures, Nairobi.
Source: (46)
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Figure 5: Global Distribution of Injection Drug Use and HIV
Source: (168)

HIV and IDU, May 1998

IDU and HIV Infection
IDU but no HIV reported
(25)
HIV reported among IDU
(100)
no IDU reported or information N/A (81)

map only shows 100 countries with HIV among IDU instead of 103… missing are West Bank,
Macao, and American Samoa.

HIV Prevention

page 64

Reference List
1. Bregman,D.J. and Langmuir,A.D. (1990): Farr's law applied to AIDS projections. JAMA,
263:1522-1525.
2. Valdespino,J.L., Izazola,J.A., and Rico,B. (1989): AIDS in Mexico: trends and projections. Bull
Pan Am Health Organ, 23:20-23.
3. Chin,J., Sato,P.A., and Mann,J.M. (1990): Projections of HIV infections and AIDS cases to the
year 2000. Bull World Health Organ, 68:1-11.
4. World Bank (1993): World Development Report 1993: Investing in Health. Oxford University
Press, New York, NY.
5. Wawer,M.J., Serwadda,D., Gray,R.H., Sewankambo,N.K., Li,C., Nalugoda,F., Lutalo,T., and
Konde-Lule,J.K. (1997): Trends in HIV-1 prevalence may not reflect trends in incidence in mature
epidemics: data from the Rakai population-based cohort, Uganda. AIDS, 11:1023-1030.
6. World Bank (1999): Confronting AIDS : public priorities in a global epidemic. Oxford University
Press, New York, NY.
7. Wolffers,I. (2000): Biomedical and development paradigms in AIDS prevention. Bull World
Health Organ, 78:267-273.
8. Maude,G.H., Whitworth,J.A., and Pool,R. (1996): Prevention of HIV spread in developing
countries [letter; comment]. Lancet, 348:1742-1743.
9. Jha,P., Nagelkerke,J.D., Ngugi,E.N., Prasada Rao,J.V., Willbond,B., Moses,S., and Plummer,F.A.
(2001): Public health. Reducing HIV transmission in developing countries. Science, 292:224-225.
10. Sweat,M.D. and Denison,J.A. (1995): Reducing HIV incidence in developing countries with
structural and environmental interventions. AIDS, 9 Suppl A:S251-S257
11. Susser,M. (1996): Some principles in study design for preventing HIV transmission: rigor or
reality. Am J Public Health , 86:1713-1716.
12. Ngugi,E.N., Moses,S., and Plummer,F.A. (2000): Unpublished results of sentinel behavioral and
STD surveillance in Nairobi.
13. Yorke,J.A., Hethcote,H.W., and Nold,A. (1978): Dynamics and control of the transmission of
gonorrhea. Sex Transm.Dis., 5:51-56.
14. Anonymous(2000): Efficacy of voluntary HIV-1 counselling and testing in individuals and couples
in Kenya, Tanzania, and Trinidad: a randomised trial. The Voluntary HIV-1 Counseling and
Testing Efficacy Study Group. Lancet, 356:103-112.
15. Murray,C.J. and Lopez AD (1996): The Global Burden of Disease: A Comprehensive Assessment
of Mortality and Disability from Diseases, Injuries, and Risk Factors in 1990 and Projected to
2020. Harvard University Press, Boston, Mass, USA.
16. Korenromp,E.L., Van Vliet,C., Grosskurth,H., Gavyole,A., Van der Ploeg,C.P., Fransen,L.,
Hayes,R.J., and Habbema,J.D. (2000): Model-based evaluation of single-round mass treatment of
sexually transmitted diseases for HIV control in a rural African population. AIDS, 14:573-593.

HIV Prevention

page 65

17. Robinson,N.J., Mulder,D., Auvert,B., Whitworth,J., and Hayes,R. (1999): Type of partnership and
heterosexual spread of HIV infection in rural Uganda: results from simulation modelling. Int J
STD AIDS, 10:718-725.
18. Garnett,G.P. and Anderson,R.M. (1995): Strategies for limiting the spread of HIV in developing
countries: conclusions based on studies of the transmission dynamics of the virus. J
Acquir.Immune Defic.Syndr.Hum.Retrovirol., 9:500-513.
19. UNAIDS and WHO. The HIV/AIDS Situation in mid 1996: global and regional highlights. 1996.
Geneva, Swizterland.UNAIDS. www.unaids.org, accessed 29-6-2001.
20. UNAIDS Website. Geneva, Switzerland. UNAIDS . www.unaids.org. 2001.
21. May,R.M. and Anderson,R.M. (1987): Transmission dynamics of HIV infection. Nature, 326:137142.
22. Anderson,R.M. and May,R.M. (1988): Epidemiological parameters of HIV transmission. Nature,
333:514-519.
23. Brunham,R.C. and Plummer,F.A. (1990): A general model of sexually transmitted disease
epidemiology and its implications for control. Med Clin North Am, 74:1339-1352.
24. Anderson, R. M. and May, R. M. Infectious diseases of humans: dynamics and control. 1991.
Oxford, Oxford University Press.
25. Vernazza,P.L., Eron,J.J., Fiscus,S.A., and Cohen,M.S. (1999): Sexual transmission of HIV:
infectiousness and prevention. AIDS, 13:155-166.
26. Wawer, M. J., Gray, R. H., Sewankambo, N. K., Serwadda, D., Quinn, T. C., Lutalo, T., WabwireMangen, F., and Li, C. Serum viral load and the rate of HIV-1 transmission per act of heterosexual
intercourse in HIV discordant couples, Rakai, Uganda. Program and abstracts of the XIII
International AIDS Conference (TuOrC422). 2000. Durban, South Africa.
27. Kiwanuka, N., Gray, R., Sewankambo, N., and et al. Male-tofemale and female-tomale HIV
transmission rates in discordant couples, Rakai, Uganda. Program and abstracts of the XIII
International AIDS Conference. 2000. Durban, South Africa.
28. Coombs,R.W., Speck,C.E., Hughes,J.P., Lee,W., Sampoleo,R., Ross,S.O., Dragavon,J.,
Peterson,G., Hooton,T.M., Collier,A.C., Corey,L., Koutsky,L., and Krieger,J.N. (1998):
Association between culturable human immunodeficiency virus type 1 (HIV-1) in semen and HIV1 RNA levels in semen and blood: evidence for compartmentalization of HIV-1 between semen
and blood. J Infect Dis., 177:320-330.
29. Pinto Neto, L. F. S., Cunha, C. B, Dietze, R., Vieira, N. F. R., Soprani, M., Cabral, V., and
Ribeiro-Rodrigues, R. Longitudinal comparisons between plasmatic and seminal HIV-1 viral load
during antiretroviral treatment: similarities and differences. XIII International AIDS
Conference(MoPeA2034). 2000. Durban, South Africa.
30. Cohen, M. S. Prevention of Sexual HIV Transmission. Medscape XIII International AIDS
Conference, Durban South Africa. 2000. 26-5-2001.
31. Anderson,R.M. (1999): Transmission dynamics of sexually transmitted infections. In: Sexually
transmitted diseases, edited by K.K.Holmes, et al, pp. 25-38. McGraw-Hill, New York, NY.

HIV Prevention

page 66

32. Blanchard,J.F., Moses,S., Greenaway,C., Orr,P., Hammond,G.W., and Brunham,R.C. (1998): The
evolving epidemiology of chlamydial and gonococcal infections in response to control programs in
Winnipeg, Canada. Am.J.Public Health , 88:1496-1502.
33. The Colorado Springs Group. Sexual network structure as indicator of epidemic phase. Phase
Specific Strategies for the Prevention, Control and Elimination of Sexually Transmitted Diseases:
Implications for Research, Policies and Programs. Rome, Italy. October 2000.
34. Wasserheit,J.N. and Aral,S.O. (1996): The dynamic topology of sexually transmitted disease
epidemics: implications for prevention strategies. J Infect.Dis., 174 Suppl 2:S201-S213
35. Aral SO, Hughes JP, Stoner B, Whittington W, Handsfield HH, Anderson RM, and Holmes KK
(1999): Sexual mixing patterns in the spread of gonococcal and chlamydial infections. Am J
Public Health, 89:825-833.
36. Gorbach,P.M., Sopheab,H., Phalla,T., Leng,H.B., Mills,S., Bennett,A., and Holmes,K.K. (2000):
Sexual bridging by Cambodian men: potential importance for general population spread of STD
and HIV epidemics. Sex Transm.Dis., 27:320-326.
37. UNAIDS. Differences in HIV spread in four sub-Saharan African cities: Summary of the multisite study. http://www.unaids.org/publications/documents/epidemiology/ determinants/
lusaka99.html. Last updated 14 September 1999.
38. Rothman, K. (1986). Modern Epidemiology. Boston: Little Brown and Co.
39. Ngugi,E.N., Plummer,F.A., Simonsen,J.N., Cameron,D.W., Bosire,M., Waiyaki,P., Ronald,A.R.,
and Ndinya-Achola,J.O. (1988): Prevention of transmission of human immunodeficiency virus in
Africa: effectiveness of condom promotion and health education among prostitutes. Lancet, 2:887890.
40. Bhave,G., Lindan,C.P., Hudes,E.S., Desai,S., Wagle,U., Tripathi,S.P., and Mandel,J.S. (1995):
Impact of an intervention on HIV, sexually transmitted diseases, and condom use among sex
workers in Bombay, India. AIDS, 9 Suppl 1:S21-S30
40. Jana,S., Bandyopadhyay,N., Mukherjee,S., Dutta,N., Basu,I., and Saha,A. (1998): STD/HIV
intervention with sex workers in West Bengal, India. AIDS, 12 Suppl B:S101-S108
41. Ford,K., Wirawan,D.N., Fajans,P., Meliawan,P., MacDonald,K., and Thorpe,L. (1996): Behavioral
interventions for reduction of sexually transmitted disease/HIV transmission among female
commercial sex workers and clients in Bali, Indonesia. AIDS, 10:213-222.
42. Laga,M., Alary,M., Nzila,N., Manoka,A.T., Tuliza,M., Behets,F., Goeman,J., St Louis,M., and
Piot,P. (1994): Condom promotion, sexually transmitted diseases treatment, and declining
incidence of HIV-1 infection in female Zairian sex workers. Lancet, 344:246-248.
43. Moses,S., Plummer,F.A., Ngugi,E.N., Nagelkerke,N.J., Anzala,A.O., and Ndinya-Achola,J.O.
(1991): Controlling HIV in Africa: effectiveness and cost of an intervention in a high-frequency
STD transmitter core group. AIDS, 5:407-411.
45. Phoolcharoen,W. (1998): HIV/AIDS prevention in Thailand: success and challenges. Science,
280:1873-1874.
46. van Griensven, F. HIV and STDs in South EAst Asia - Prevention and Control. Lessons for
Eastern Europe. International Congress of Sexually Transmitted Infections-ICSTI, Berlin,
Germany. 2001.

HIV Prevention

page 67

47. Jackson,D.J., Rakwar,J.P., Richardson,B.A., Mandaliya,K., Chohan,B.H., Bwayo,J.J., NdinyaAchola,J.O., Martin,H.L., Jr., Moses,S., and Kreiss,J.K. (1997): Decreased incidence of sexually
transmitted diseases among trucking company workers in Kenya: results of a behavioural riskreduction programme. AIDS, 11:903-909.
48. Celentano,D.D., Bond,K.C., Lyles,C.M., Eiumtrakul,S., Go,V.F., Beyrer,C., na,C.C., Nelson,K.E.,
Khamboonruang,C., and Vaddhanaphuti,C. (2000): Preventive intervention to reduce sexually
transmitted infections: a field trial in the Royal Thai Army. Arch.Intern.Med, 160:535-540.
49. Machekano, R., McFarland, W., Mzezewa, V., Ray, S., Mbizvo, M., Bassett, M., Latif, A., Mason,
P., Gwanzura, L., Moses, L., Ley, C., and Brown, B. Peer education intervention reduces HIV
infection among factory workers in Zimbabwe. Abstract No. 15, 5th Conference on Retroviruses
and Opportunistic Infections. 1998. Chicago, Ill.
50. Egger M, Pauw J, Lopatatzidis A, Medrano D, Paccaud F, and Davey Smith G (2000): Promotion
of condom use in a high-risk setting in Nicaragua: a randomised controlled trial. Lancet,
355:2101-2105.
51. Piot,P., Quinn,T.C., Taelman,H., Feinsod,F.M., Minlangu,K.B., Wobin,O., Mbendi,N., Mazebo,P.,
Ndangi,K., and Stevens,W. (1984): Acquired immunodeficiency syndrome in a heterosexual
population in Zaire. Lancet, 2:65-69.
52. Plummer,F.A., Simonsen,J.N., Cameron,D.W., Ndinya-Achola,J.O., Kreiss,J.K., Gakinya,M.N.,
Waiyaki,P., Cheang,M., Piot,P., and Ronald,A.R. (1991): Cofactors in male-female sexual
transmission of human immunodeficiency virus type 1. J Infect.Dis., 163:233-239.
53. Laga,M., Manoka,A., Kivuvu,M., Malele,B., Tuliza,M., Nzila,N., Goeman,J., Behets,F., Batter,V.,
and Alary,M. (1993): Non-ulcerative sexually transmitted diseases as risk factors for HIV-1
transmission in women: results from a cohort study. AIDS, 7:95-102.
54. Cohen,M.S., Hoffman,I.F., Royce,R.A., Kazembe,P., Dyer,J.R., Daly,C.C., Zimba,D.,
Vernazza,P.L., Maida,M., Fiscus,S.A., and Eron,J.J., Jr. (1997): Reduction of concentration of
HIV-1 in semen after treatment of urethritis: implications for prevention of sexual transmission of
HIV-1. AIDSCAP Malawi Research Group. Lancet, 349:1868-1873.
55. Mostad,S.B. and Kreiss,J.K. (1996): Shedding of HIV-1 in the genital tract. AIDS, 10:1305-1315.
56. Ghys,P.D., Fransen,K., Diallo,M.O., Ettiegne-Traore,V., Coulibaly,I.M., Yeboue,K.M.,
Kalish,M.L., Maurice,C., Whitaker,J.P., Greenberg,A.E., and Laga,M. (1997): The associations
between cervicovaginal HIV shedding, sexually transmitted diseases and immunosuppression in
female sex workers in Abidjan, Cote d'Ivoire. AIDS, 11:F85-F93
57. Grosskurth,H., Mosha,F., Todd,J., Mwijarubi,E., Klokke,A., Senkoro,K., Mayaud,P.,
Changalucha,J., Nicoll,A., and ka-Gina,G. (1995): Impact of improved treatment of sexually
transmitted diseases on HIV infection in rural Tanzania: randomised controlled trial. Lancet,
346:530-536.
58. Wawer,M.J., Sewankambo,N.K., Serwadda,D., Quinn,T.C., Paxton,L.A., Kiwanuka,N., WabwireMangen,F., Li,C., Lutalo,T., Nalugoda,F., Gaydos,C.A., Moulton,L.H., Meehan,M.O., Ahmed,S.,
and Gray,R.H. (1999): Control of sexually transmitted diseases for AIDS prevention in Uganda: a
randomised community trial. Rakai Project Study Group. Lancet, 353:525-535.
59. Orroth,K.K., Gavyole,A., Todd,J., Mosha,F., Ross,D., Mwijarubi,E., Grosskurth,H., and
Hayes,R.J. (2000): Syndromic treatment of sexually transmitted diseases reduces the proportion of
incident HIV infections attributable to these diseases in rural Tanzania. AIDS, 14:1429-1437.

HIV Prevention

page 68

60. Anonymous(1998): The NIMH Multisite HIV Prevention Trial: reducing HIV sexual risk behavior.
The National Institute of Mental Health (NIMH) Multisite HIV Prevention Trial Group. Science,
280:1889-1894.
61. Rojanapithayakorn,W. and Hanenberg,R. (1996): The 100% condom program in Thailand. AIDS,
10:1-7.
62. Hanenberg,R.S., Rojanapithayakorn,W., Kunasol,P., and Sokal,D.C. (1994): Impact of Thailand's
HIV-control programme as indicated by the decline of sexually transmitted diseases. Lancet,
344:243-245.
63. Nelson,K.E., Celentano,D.D., Eiumtrakol,S., Hoover,D.R., Beyrer,C., Suprasert,S., Kuntolbutra,S.,
and Khamboonruang,C. (1996): Changes in sexual behavior and a decline in HIV infection among
young men in Thailand. N Engl.J Med, 335:297-303.
64. Robinson,N.J. and Hanenberg,R. (1997): Condoms used during most commercial sex acts in
Thailand. AIDS, 11:1064-1065.
65. Gilson,L., Mkanje,R., Grosskurth,H., Mosha,F., Picard,J., Gavyole,A., Todd,J., Mayaud,P.,
Swai,R., Fransen,L., Mabey,D., Mills,A., and Hayes,R. (1997): Cost-effectiveness of improved
treatment services for sexually transmitted diseases in preventing HIV-1 infection in Mwanza
Region, Tanzania. Lancet, 350:1805-1809.
66. Higgins,D.L., Galavotti,C., O'Reilly,K.R., Schnell,D.J., Moore,M., Rugg,D.L., and Johnson,R.
(1991): Evidence for the effects of HIV antibody counseling and testing on risk behaviors. JAMA,
266:2419-2429.
67. Moses, S., Plummer,F.A., and Nagelkerke,N.J. (2000): Reducing HIV-1 in Kenya and Tanzania.
Lancet, 356:1602-1603.
68. Deschamps, M.M., Pape, J.W., Hafner, A., and Johnson, W.D., Jr. (1996): Heterosexual
transmission of HIV in Haiti. Ann.Intern.Med, 125:324-330.
69. Allen,S., Tice,J., Van de Perre, P., Serufilira,A., Hudes,E., Nsengumuremyi,F., Bogaerts,J.,
Lindan,C., and Hulley,S. (1992): Effect of serotesting with counselling on condom use and
seroconversion among HIV discordant couples in Africa. BMJ, 304:1605-1609.
70. Allen,S., Serufilira,A., Bogaerts,J., Van de Perre, P., Nsengumuremyi,F., Lindan,C., Carael,M.,
Wolf,W., Coates,T., and Hulley,S. (1992): Confidential HIV testing and condom promotion in
Africa. Impact on HIV and gonorrhea rates. JAMA, 268:3338-3343.
71. Wolitski,R.J., MacGowan,R.J., Higgins,D.L., and Jorgensen,C.M. (1997): The effects of HIV
counseling and testing on risk-related practices and help-seeking behavior. AIDS Educ.Prev., 9:5267.
72. Kamb,M.L., Fishbein,M., Douglas,J.M., Jr., Rhodes,F., Rogers,J., Bolan,G., Zenilman,J.,
Hoxworth,T., Malotte,C.K., Iatesta,M., Kent,C., Lentz,A., Graziano,S., Byers,R.H., and
Peterman,T.A. (1998): Efficacy of risk-reduction counseling to prevent human immunodeficiency
virus and sexually transmitted diseases: a randomized controlled trial. Project RESPECT Study
Group. JAMA, 280:1161-1167.
73. de Zoysa,I., Phillips,K.A., Kamenga,M.C., O'Reilly,K.R., Sweat,M.D., White,R.A.,
Grinstead,O.A., and Coates,T.J. (1995): Role of HIV counseling and testing in changing risk
behavior in developing countries. AIDS, 9 Suppl A:S95-101.

HIV Prevention

page 69

74. Allen,S., Serufilira,A., Gruber,V., Kegeles,S., Van de,P.P., Carael,M., and Coates,T.J. (1993):
Pregnancy and contraception use among urban Rwandan women after HIV testing and counseling.
Am J Public Health, 83:705-710.
75. Temmerman,M., Moses,S., Kiragu,D., Fusallah,S., Wamola,I.A., and Piot,P. (1990): Impact of
single session post-partum counselling of HIV infected women on their subsequent reproductive
behaviour. AIDS Care, 2:247-252.
76. Pickering,H., Quigley,M., Hayes,R.J., Todd,J., and Wilkins,A. (1993): Determinants of condom
use in 24,000 prostitute/client contacts in The Gambia. AIDS, 7:1093-1098.
77. Campbell,C.H., Jr., Marum,M.E., Alwano-Edyegu,M., Dillon,B.A., Moore,M., and Gumisiriza,E.
(1997): The role of HIV counseling and testing in the developing world. AIDS Educ.Prev., 9:92104.
78. Sweat,M., Gregorich,S., Sangiwa,G., Furlonge,C., Balmer,D., Kamenga,C., Grinstead,O., and
Coates,T. (2000): Cost-effectiveness of voluntary HIV-1 counselling and testing in reducing sexual
transmission of HIV-1 in Kenya and Tanzania. Lancet, 356:113-121.
79. Hull,H.F., Bettinger,C.J., Gallaher,M.M., Keller,N.M., Wilson,J., and Mertz,G.J. (1988):
Comparison of HIV-antibody prevalence in patients consenting to and declining HIV-antibody
testing in an STD clinic. JAMA, 260:935-938.
80. Weiss,H.A., Quigley, M.A., and Hayes, R.J. (2000): Male circumcision and risk of HIV infection
in sub-Saharan Africa: a systematic review and meta-analysis. AIDS, 14:2361-2370.
81. Quinn,T.C., Wawer,M.J., Sewankambo,N., Serwadda,D., Li,C., Wabwire-Mangen,F.,
Meehan,M.O., Lutalo,T., and Gray,R.H. (2000): Viral load and heterosexual transmission of
human immunodeficiency virus type 1. Rakai Project Study Group. N Engl.J Med, 342:921-929.
82. Bailey, R., Muga, R., and Poulussen, R. Trial intervention introducing male circumcision to reduce
HIV/STD infections in Nyanza province, Kenya: Baseline results. XIII International AIDS
Conference. 2000. Durban, South Africa.
83. Stephen Moses. Personal Communication. 2001.
84. Louv,W.C., Austin,H., Alexander,W.J., Stagno,S., and Cheeks,J. (1988): A clinical trial of
nonoxynol-9 for preventing gonococcal and chlamydial infections. J Infect Dis., 158:518-523.
85. Kreiss,J., Ngugi,E., Holmes,K., Ndinya-Achola,J., Waiyaki,P., Roberts,P.L., Ruminjo,I., Sajabi,R.,
Kimata,J., Fleming,T.R., and . (1992): Efficacy of nonoxynol 9 contraceptive sponge use in
preventing heterosexual acquisition of HIV in Nairobi prostitutes. JAMA, 268:477-482.
86. Roddy,R.E., Zekeng,L., Ryan,K.A., Tamoufe,U., Weir,S.S., and Wong,E.L. (1998): A controlled
trial of nonoxynol 9 film to reduce male-to-female transmission of sexually transmitted diseases.
N Engl.J Med, 339:504-510.
87. Stephenson,J. (2000): Widely used spermicide may increase, not decrease, risk of HIV
transmission. JAMA, 284:
88. Ross,M.W., Rigby,K., Rosser,B.R., Anagnostou,P., and Brown,M. (1990): The effect of a national
campaign on attitudes toward AIDS. AIDS Care, 2:339-346.
89. Traeen,B. (1992): Learning from Norwegian experience: attempts to mobilize the youth culture to
fight the AIDS epidemic. AIDS Educ.Prev., Suppl:43-56.

HIV Prevention

page 70

90. Sweat,M.D. and Levin,M. (1995): HIV/AIDS knowledge among the U.S. population. AIDS
Educ.Prev., 7:355-372.
91. Wolitski,R.J., Fishbein,M., Johnson,W.D., Schnell,D.J., and Esacove,A. (1996): Sources of HIV
information among injecting drug users: association with gender, ethnicity, and risk behaviour.
AIDS Community Demonstration Projects. AIDS Care, 8:541-555.
92. Alstead,M., Campsmith,M., Halley,C.S., Hartfield,K., Goldbaum,G., and Wood,R.W. (1999):
Developing, implementing, and evaluating a condom promotion program targeting sexually active
adolescents. AIDS Educ.Prev., 11:497-512.
93. Kalichman,S.C. (1994): Magic Johnson and public attitudes toward AIDS: a review of empirical
findings. AIDS Educ.Prev., 6:542-557.
94. Agrawal,H.K., Rao,R.S., Chandrashekar,S., and Coulter,J.B. (1999): Knowledge of and

attitudes to HIV/AIDS of senior secondary school pupils and trainee teachers in Udupi
District, Karnataka, India. Ann.Trop Paediatr., 19:143-149.
95. Munguti,K., Grosskurth,H., Newell,J., Senkoro,K., Mosha,F., Todd,J., Mayaud,P., Gavyole,A.,
Quigley,M., and Hayes,R. (1997): Patterns of sexual behaviour in a rural population in northwestern Tanzania. Soc Sci Med, 44:1553-1561.
96. Moses,S. and Plummer,F.A. (1994): Health education, counselling and the underlying causes of the
HIV epidemic in sub-Saharan Africa. AIDS Care, 6:123-127.
97. Elliott,L., Gruer,L., Farrow,K., Henderson,A., and Cowan,L. (1996): Theatre in AIDS education--a
controlled study. AIDS Care, 8:321-340.
98. Siegel,D.M., Aten,M.J., Roghmann,K.J., and Enaharo,M. (1998): Early effects of a school-based
human immunodeficiency virus infection and sexual risk prevention intervention.
Arch.Pediatr.Adolesc.Med, 152:961-970.
99. Bellingham,K. and Gillies,P. (1993): Evaluation of an AIDS education programme for young
adults. J Epidemiol Community Health , 47:134-138.
100. Pauw,J., Ferrie,J., Rivera,V.R., Medrano,M.J., Gorter,A., and Egger,M. (1996): A controlled
HIV/AIDS-related health education programme in Managua, Nicaragua. AIDS, 10:537-544.
101. Oakley,A., Fullerton,D., Holland,J., Arnold,S., France-Dawson,M., Kelley,P., and McGrellis,S.
(1995): Sexual health education interventions for young people: a methodological review. BMJ,
310:158-162.
102. National Research Council (U.S.) Panel on the Evaluation of AIDS Interventions (1991):
Evaluating AIDS prevention programs Panel on the Evaluation of AIDS Interventions, Committee
on AIDS Research and the Behavioral, Social, and Statistical Sciences, Commission on the
Behavioral and Social Sciences and Education, National Research Council. National Academy
Press, Washington DC.
103. Coyle,K., Basen-Engquist,K., Kirby,D., Parcel,G., Banspach,S., Harrist,R., Baumler,E., and
Weil,M. (1999): Short-term impact of safer choices: a multicomponent, school-based HIV, other
STD, and pregnancy prevention program. J Sch Health , 69:181-188.
104. O'Hara,P., Messick,B.J., Fichtner,R.R., and Parris,D. (1996): A peer-led AIDS prevention program
for students in an alternative school. J Sch Health , 66:176-182.

HIV Prevention

page 71

105. Stanton,B.F., Li,X., Kahihuata,J., Fitzgerald,A.M., Neumbo,S., Kanduuombe,G., Ricardo,I.B.,
Galbraith,J.S., Terreri,N., Guevara,I., Shipena,H., Strijdom,J., Clemens,R., and Zimba,R.F. (1998):
Increased protected sex and abstinence among Namibian youth following a HIV risk-reduction
intervention: a randomized, longitudinal study. AIDS, 12:2473-2480.
106. Fox,R. (2000): Tanzanian AIDS project works towards "good things for young people". Lancet,
355:1703
107. Anonymous(1999): Increases in Unsafe Sex and Rectal Gonorrhea Among Men Who Have Sex
With Men -- San Francisco, California, 1994-1997. Morbidity and Mortality Weekly Report,
48:45-48.
108. Anonymous(1999): Resurgent Bacterial Sexually Transmitted Disease Among Men Who Have Sex
with Men, King County, Washington, 1997-1999. Morbidity and Mortality Weekly Report,
48:773-777.
109. Ekstrand,M.L., Stall,R.D., Paul,J.P., Osmond,D.H., and Coates,T.J. (1999): Gay men report high
rates of unprotected anal sex with partners of unknown or discordant HIV status. AIDS, 13:15251533.
110. Valleroy,L.A., MacKellar,D.A., Karon,J.M., Rosen,D.H., McFarland,W., Shehan,D.A.,
Stoyanoff,S.R., LaLota,M., Celentano,D.D., Koblin,B.A., Thiede,H., Katz,M.H., Torian,L.V., and
Janssen,R.S. (2000): HIV prevalence and associated risks in young men who have sex with men.
Young Men's Survey Study Group. JAMA, 284:198-204.
111. Anonymous(2000): Rate of HIV infection on rise among Ontario's gay men [news]. CMAJ.,
163:321
112. Blower,S.M., Gershengorn,H.B., and Grant,R.M. (2000): A tale of two futures: HIV and
antiretroviral therapy in San Francisco. Science, 287:650-654.
113. Garnett,G.P., Bartley,L.M., Cameron,D.W., and Anderson,R.M. (2000): Both a 'magic bullet' and
good aim are required to link public health interests and health care needs in HIV infection [news].
Nat.Med, 6:261-262.
114. d'Cruz-Grote,D. (1996): Prevention of HIV infection in developing countries. Lancet, 348:10711074.
115. UNAIDS Best Practice Summary Booklet. National Strategies to Reduce Vulnerability of Thai
Girls (Thailand). 1999.
116. Tarantola ,D. (2000): Reducing HIV/AIDS risk, impact and vulnerability. Bull World Health
Organ, 78:236-237.
117. Over,M. (1998): The effects of societal variables on urban rates of HIV infection in developing
countries: An explanatory analysis. In: Confronting AIDS: Evidence from the Developing World.
Selected background papers for the World Bank Policy Research Report, Confronting AIDS:
Public Priorities in a Global Epidemic, edited by M.Ainsworth, et al, pp. 39-52. European
Communities, Luxembourg.
118. UNAIDS Best Practice Summary Booklet. AIDS and men who have sex with men: Technical
Update. 2000.
119. UNAIDS. Regional consultation on HIV/AIDS prevention, care and support programmes in Latin
America and the Caribbean for men who have sex with men. 1999.

HIV Prevention

page 72

120. Kitayaporn,D., Tansuphaswadikul,S., Lohsomboon,P., Pannachet,K., Kaewkungwal,J.,
Limpakarnjanarat,K., and Mastro,T.D. (1996): Survival of AIDS patients in the emerging epidemic
in Bangkok, Thailand. J Acquir.Immune Defic.Syndr.Hum.Retrovirol., 11:77-82.
121. Ford,K., Wirawan,D.N., Fajans,P., and Thorpe,L. (1995): AIDS knowledge, risk behaviors, and
factors related to condom use among male commercial sex workers and male tourist clients in Bali,
Indonesia. AIDS, 9:751-759.
122. Wu,Y.L., Chang,C.C., Chang,H.C., Yang,C.H., and Liao,S.T. (1997): Clinical experience of
HIV/AIDS in a municipal hospital in Taiwan. J Microbiol.Immunol.Infect., 30:84-95.
123. Figueroa,J.P., Brathwaite,A., Ward,E., DuCasse,M., Tscharf,I., Nembhard,O., and Williams,E.
(1995): The HIV/AIDS epidemic in Jamaica. AIDS, 9:761-768.
124. Maartens,G., Wood,R., O'Keefe,E., and Byrne,C. (1997): Independent epidemics of heterosexual
and homosexual HIV infection in South Africa--survival differences. QJM., 90:449-454.
125. Wheeler,V.W. and Radcliffe,K.W. (1994): HIV infection in the Caribbean. Int J STD AIDS, 5:7989.
126. Wannamethee,S.G., Sirivichayakul,S., Phillips,A.N., Ubolyam,S., Ruxrungtham,K.,
Hanvanich,M., and Phanuphak,P. (1998): Clinical and immunological features of human
immunodeficiency virus infection in patients from Bangkok, Thailand. Int J Epidemiol, 27:289295.
127. Dehne,K.L., Khodakevich,L., Hamers,F.F., and Schwartlander,B. (1999): The HIV/AIDS epidemic
in eastern Europe: recent patterns and trends and their implications for policy-making. AIDS,
13:741-749.
128. Petridou,E., Polychronopoulou,A., Hatzakis,A., Roukas,K., Kordosis,T., Zakopoulou,N., and
Trichopoulos,D. (2000): The AIDS profile in a low risk country: the central role of bisexual men.
J Epidemiol Biostat., 5:285-292.
129. Singh,S., Prasad,R., and Mohanty,A. (1999): High prevalence of sexually transmitted and bloodborne infections amongst the inmates of a district jail in Northern India. Int J STD AIDS, 10:475478.
130. London,A.S., VanLandingham,M.J., and Grandjean,N. (1997): Socio-demographic correlates,
HIV/AIDS-related cofactors, and measures of same-sex sexual behaviour among northern Thai
male soldiers. Health Transit.Rev, 7:33-60.
131. Chmiel,J.S., Detels,R., Kaslow,R.A., Van Raden,M., Kingsley,L.A., and Brookmeyer,R. (1987):
Factors associated with prevalent human immunodeficiency virus (HIV) infection in the
Multicenter AIDS Cohort Study. Am J Epidemiol, 126:568-577.
132. Winkelstein,W., Lyman,D.M., Padian,N., Grant,R., Samuel,M., Wiley,J.A., Anderson,R.E.,
Lang,W., Riggs,J., and Levy,J.A. (1987): Sexual practices and risk of infection by the human
immunodeficiency virus. The San Francisco Men's Health Study. JAMA, 257:321-325.
133. Detels,R., English,P., Visscher,B.R., Jacobson,L., Kingsley,L.A., Chmiel,J.S., Dudley,J.P.,
Eldred,L.J., and Ginzburg,H.M. (1989): Seroconversion, sexual activity, and condom use among
2915 HIV seronegative men followed for up to 2 years. J Acquir.Immune Defic.Syndr., 2:77-83.
134. Page-Shafer,K., Veugelers,P.J., Moss,A.R., Strathdee,S., Kaldor,J.M., and van Griensven,G.J.
(1997): Sexual risk behavior and risk factors for HIV-1 seroconversion in homosexual men
participating in the Tricontinental Seroconverter Study, 1982-1994. Am J Epidemiol, 146:531-542.

HIV Prevention

page 73

135. Vittinghoff,E., Douglas,J., Judson,F., McKirnan,D., MacQueen,K., and Buchbinder,S.P. (1999):
Per-contact risk of human immunodeficiency virus transmission between male sexual partners. Am
J Epidemiol, 150:306-311.
136. Nandi,J., Kamat,H., Bhavalkar,V., and Banerjee,K. (1994): Detection of human immunodeficiency
virus antibody among homosexual men from Bombay. Sex Transm.Dis., 21:235-236.
137. McMillan,A., Young,H., and Moyes,A. (2000): Rectal gonorrhoea in homosexual men: source of
infection. Int J STD AIDS, 11:284-287.
138. Samuel,M.C., Hessol,N., Shiboski,S., Engel,R.R., Speed,T.P., and Winkelstein,W. (1993): Factors
associated with human immunodeficiency virus seroconversion in homosexual men in three San
Francisco cohort studies, 1984-1989. J Acquir.Immune Defic.Syndr., 6:303-312.
139. Keet,I.P., Albrecht,v.L., Sandfort,T.G., Coutinho,R.A., and van Griensven,G.J. (1992): Orogenital
sex and the transmission of HIV among homosexual men. AIDS, 6:223-226.
140. Lifson,A.R., O'Malley,P.M., Hessol,N.A., Buchbinder,S.P., Cannon,L., and Rutherford,G.W.
(1990): HIV seroconversion in two homosexual men after receptive oral intercourse with
ejaculation: implications for counseling concerning safe sexual practices. Am J Public Health ,
80:1509-1511.
141. Kegeles,S.M., Hays,R.B., and Coates,T.J. (1996): The Mpowerment Project: a community-level
HIV prevention intervention for young gay men. Am J Public Health, 86:1129-1136.
142. Kelly,J.A., Murphy,D.A., Sikkema,K.J., McAuliffe,T.L., Roffman,R.A., Solomon,L.J.,
Winett,R.A., and Kalichman,S.C. (1997): Randomised, controlled, community-level HIVprevention intervention for sexual-risk behaviour among homosexual men in US cities.
Community HIV Prevention Research Collaborative. Lancet, 350:1500-1505.
143. Choi,K.H. and Coates,T.J. (1994): Prevention of HIV infection. AIDS, 8:1371-1389.
144. Family Health International. AIDS Control and Prevention Project, August 21, 1991 to December
31, 1997, Final Report Volume 1. 97. 20-2-2001.
145. Craib,K.J., Meddings,D.R., Strathdee,S.A., Hogg,R.S., Montaner,J.S., O'Shaughnessy,M.V., and
Schechter,M.T. (1995): Rectal gonorrhoea as an independent risk factor for HIV infection in a
cohort of homosexual men. Genitourin.Med, 71:150-154.
146. Burn,S. and Horner,P.J. (1995): Rectal gonorrhoea as an independent risk factor for HIV infection
in homosexual males. Genitourin.Med, 71:335-336.
147. Sherr,L., Nardone,A., Leaity,S., Wells,H., Mercey,D., and Elford,J. (1999): "Try this HIV test"--an
evaluation of a mass media campaign targeting homosexual men. Sex Transm.Infect., 75:273
148. WHO. World Health Report 1999: Making a Difference. WHO. 1999. Geneva, Switzerland,
World Health Organization.
149. Datta ,P., Embree,J.E., Kreiss,J.K., Ndinya-Achola,J.O., Braddick,M., Temmerman,M.,
Nagelkerke,N.J., Maitha,G., Holmes,K.K., and Piot,P. (1994): Mother-to-child transmission of
human immunodeficiency virus type 1: report from the Nairobi Study. J Infect.Dis., 170:11341140.
150. Leroy,V., Newell,M.L., Dabis,F., Peckham,C., Van de,P.P., Bulterys,M., Kind,C., Simonds,R.J.,
Wiktor,S., and Msellati,P. (1998): International multicentre pooled analysis of late postnatal

HIV Prevention

page 74

mother-to-child transmission of HIV-1 infection. Ghent International Working Group on Motherto-Child Transmission of HIV. Lancet, 352:597-600.
151. De Cock,K.M., Fowler,M.G., Mercier,E., de,V., I, Saba,J., Hoff,E., Alnwick,D.J., Rogers,M., and
Shaffer,N. (2000): Prevention of mother-to-child HIV transmission in resource-poor countries:
translating research into policy and practice. JAMA, 283:1175-1182.
152. Nduati,R., John,G., Mbori-Ngacha,D., Richardson,B., Overbaugh,J., Mwatha,A., NdinyaAchola,J., Bwayo,J., Onyango,F.E., Hughes,J., and Kreiss,J. (2000): Effect of breastfeeding and
formula feeding on transmission of HIV-1: a randomized clinical trial. JAMA, 283:1167-1174.
153. Soderlund,N., Zwi,K., Kinghorn,A., and Gray,G. (1999): Prevention of vertical transmission of
HIV: analysis of cost effectiveness of options available in South Africa. BMJ, 318:1650-1656.
154. Guay,L.A., Musoke,P., Fleming,T., Bagenda,D., Allen,M., Nakabiito,C., Sherman,J., Bakaki,P.,
Ducar,C., Deseyve,M., Emel,L., Mirochnick,M., Fowler,M.G., Mofenson,L., Miotti,P.,
Dransfield,K., Bray,D., Mmiro,F., and Jackson,J.B. (1999): Intrapartum and neonatal single-dose
nevirapine compared with zidovudine for prevention of mother-to-child transmission of HIV-1 in
Kampala, Uganda: HIVNET 012 randomised trial. Lancet, 354:795-802.
155. Marseille,E., Kahn,J.G., Mmiro,F., Guay,L., Musoke,P., Fowler,M.G., and Jackson,J.B. (1999):
Cost effectiveness of single-dose nevirapine regimen for mothers and babies to decrease vertical
HIV-1 transmission in sub-Saharan Africa. Lancet, 354:803-809.
156. Nduati,R., Richardson,B., John,G., Mbori-Ngacha,D., Overbaugh,J., Mwatha,T., NdinyaAchola,J., Bwayo,J., and Kreiss,J. (2001): Impact of breastfeeding on maternal mortality among
HIV-1 infected women: Results of a randomized clinical trial. Lancet, (in press).
157. Wiktor,S.Z., Ekpini,E., Karon,J.M., Nkengasong,J., Maurice,C., Severin,S.T., Roels,T.H.,
Kouassi,M.K., Lackritz,E.M., Coulibaly,I.M., and Greenberg,A.E. (1999): Short-course oral
zidovudine for prevention of mother-to-child transmission of HIV-1 in Abidjan, Cote d'Ivoire: a
randomised trial. Lancet, 353:781-785.
158. Shaffer,N., Chuachoowong,R., Mock,P.A., Bhadrakom,C., Siriwasin,W., Young,N.L.,
Chotpitayasunondh,T., Chearskul,S., Roongpisuthipong,A., Chinayon,P., Karon,J., Mastro,T.D.,
and Simonds,R.J. (1999): Short-course zidovudine for perinatal HIV-1 transmission in Bangkok,
Thailand: a randomised controlled trial. Bangkok Collaborative Perinatal HIV Transmission Study
Group. Lancet, 353:773-780.
159. Owor, M., Deseyve, M., Duefield, C., and et al. The one year safety and efficacy data on the
HIVNET 012 trial. Abstract LbOr1, 13th International AIDS Conference, Durban, South Africa.
2000.
160. Wiktor, S., Leroy, V., Ekpini, E., Aliourn, A., Karon, J., Msellati, P., Hudgens, M., Meda, M., and
Greenberg, A. 24-month efficacy of short-course maternal zidovudine for the prevention of
mother-to-child HIV-1 transmission in a breast-feeding population: A pooled analysis of two
randomized clinical trials in West Africa. Abstract TuOrB354, 13th International AIDS
Conference, Durban, South Africa. 2000.
161. Semba,R.D., Kumwenda,N., Hoover,D.R., Taha,T.E., Quinn,T.C., Mtimavalye,L., Biggar,R.J.,
Broadhead,R., Miotti,P.G., Sokoll,L.J., van der,H.L., and Chiphangwi,J.D. (1999): Human
immunodeficiency virus load in breast milk, mastitis, and mother-to-child transmission of human
immunodeficiency virus type 1. J Infect.Dis., 180:93-98.
162. John,G.C., Nduati,R.W., Mbori-Ngacha,D.A., Richardson,B.A., Panteleeff,D., Mwatha,A.,
Overbaugh,J., Bwayo,J., Ndinya-Achola,J.O., and Kreiss,J.K. (2001): Correlates of Mother-to-

HIV Prevention

page 75

Child Human Immunodeficiency Virus Type 1 (HIV-1) Transmission: Association with Maternal
Plasma HIV-1 RNA Load, Genital HIV-1 DNA Shedding, and Breast Infections. J Infect.Dis.,
183:206-212.
163. Dunn D, Newll M, Ades A, and Peckman C (1992): Risk of human immunodeficiency virus type 1
transmission through breastfeeding. Lancet, 340:585-588.
164. Coutsoudis ,A., Pillay,K., Spooner,E., Kuhn,L., and Coovadia,H.M. (1999): Influence of infantfeeding patterns on early mother-to-child transmission of HIV-1 in Durban, South Africa: a
prospective cohort study. South African Vitamin A Study Group. Lancet, 354:471-476.
165. Latham,M.C. (1999): Breast feeding reduces morbidity. The risk of HIV transmission requires risk
assessment--not a shift to formula feeds. BMJ, 318:1303-1304.
166. Mbori-Ngacha, D. and et al. Morbidity and mortality in breastfed and formula fed infants of HIV-1
infected women: results of a randomized clinical trial. Abstract WeOrC494, 13th International
AIDS Conference, Durban, South Africa. 2000.
167. African Regional Meeting on Pilot Projects for the Prevention of Mother-to-Child Transmission on
HIV. UNICEF/UNAIDS/WHO/UNFPA. 2000.
168. Ball,A.L., Rana,S., and Dehne,K.L. (1998): HIV prevention among injecting drug users: responses
in developing and transitional countries. Public Health Rep., 113 Suppl 1:170-181.
169. Riehman,K.S. (1998): Injecting drug use and AIDS in developing countries. In: Confronting AIDS:
Evidence from the Developing World--Selected background papers for the World Bank Policy
Research Report, Confronting AIDS: Public Priorities in a Global Epidemic, edited by
M.Ainsworth, et al, pp. 175-206. The European Commission, Washington DC.
170. Rekart,M. Sexually Transmitted Disease Control in Ho Chi Minh City, Vietnam. Phase-Specific
Strategies for the Prevention, Control, and Elimination of STDs, Rome, Italy. 2000.
171. Stimson, G. V., Adelekan, M., and Rhodes, T. The Diffusion of Drug Injecting in Developing
Countries. Sixth International Conference on the Reduction of Drug Related Harm, Florence Italy.
1995.
172. Report of the International Narcotics Control Board. http://www.incb.org/e/index.htm . 1999.
173. Day,G. (1992): Geographical, economical and political situaion in West Africa: Significange of
drug trafficking and abuse. In: Drug control in Africa: experiences from a seminar for West
African Countries, edited by S.D.Ferrera, et al, ARFI, Padova, Italy.
174. Naik,T.N., Sarkar,S., Singh,H.L., Bhunia,S.C., Singh,Y.I., Singh,P.K., and Pal,S.C. (1991):
Intravenous drug users-a new high risk for HIV infection in India. AIDS, 5:117-118.
175. McCoy,C.B., Metsch,L.R., Chitwood,D.D., Shapshak,P., and Comerford,S.T. (1998): Parenteral
transmission of HIV among injection drug users: assessing the frequency of multiperson use of
needles, syringes, cookers, cotton, and water. J.Acquir.Immune.Defic.Syndr.Hum.Retrovirol., 18
Suppl 1:S25-S29
176. Ball,A.L. (1998): Overview: policies and interventions to stem HIV-1 epidemics associated with
Injecting Drug Use. In: Drug Injecting and HIV Infection: Global Dimensions and Local
Responses, edited by G.V.Stimson, et al, pp. 201-233. UCL Press Limited, London.

HIV Prevention

page 76

177. Abdala, N., Stephens, P.C., Griffith, B.P., and Heimer, R. (1999): Survival of HIV-1 in syringes.
J.Acquir.Immune.Defic.Syndr.Hum.Retrovirol., 20:73-80.
178. Needle,R.H., Coyle,S.L., Normand,J., Lambert,E., and Cesari,H. (1998): HIV prevention with
drug-using populations--current status and future prospects: introduction and overview. Public
Health Rep., 113 Suppl 1:4-18.
179. Wu,Z., Zhang,J., Detels,R., Li,V.C., Cheng,H., Duan,S., Li,Z., Dong,L., Huang,S., Jia,M., and
Bi,X. (1997): Characteristics of risk-taking behaviors, HIV and AIDS knowledge, and risk
perception among young males in southwest China. AIDS Education & Prevention.9(2):147-60.
180. Institute for Health Policy Studies, University of California San Francisco. The Public Health
Impact of Needle Exchange Programs in the United States and Abroad. Summary, Conclusions and
Recommendations. http://hivinsite.ucsf.edu/topics/needle_exchange/ 2098.298c.html . 4-3-1997.
181. Hurley,S.F., Jolley,D.J., and Kaldor,J.M. (1997): Effectiveness of needle-exchange programmes
for prevention of HIV infection. Lancet, 349:1797-1800.
182. Allen,T.M., O'Connor,D.H., Jing,P., Dzuris,J.L., Mothe,B.R., Vogel,T.U., Dunphy,E., Liebl,M.E.,
Emerson,C., Wilson,N., Kunstman,K.J., Wang,X., Allison,D.B., Hughes,A.L., Desrosiers,R.C.,
Altman,J.D., Wolinsky,S.M., Sette,A., and Watkins,D.I. (2000): Tat-specific cytotoxic T
lymphocytes select for SIV escape variants during resolution of primary viraemia. Nature,
407:386-90.
183. Kumar,M.S., Mudaliar,S., and Daniels,D. (1998): Community-based outreach HIV intervention for
street-recruited drug users in Madras, India. Public Health Rep., 113 Suppl 1:58-66.
184. United States Department of Health and Human Services. Evidence-based findings on the efficacy
of syringe exchange programs: an analysis fron the assistant secretary for health and surgeon
general of the scientific research completed since April 1998.

http://www.unaids.org/publications/documents/specific/injecting/evidence.html
185. Paone, D., Des Jarlais DC, Caloir S, Friedmann P, Ness I, and Friedman, S. R. New York Syringe
Exchange: An Overview. Proceedings--Workshop on Needle Exchange and Bleach Distribution
Programs. 1995.
186. Simonsen,L., Kane,A., Lloyd,J., Zaffran,M., and Kane,M. (1999): Unsafe injections in the
developing world and transmission of bloodborne pathogens: a review. Bull.World Health Organ,
77:789-800.
187. Nadelmann, E., Cohen, P., Drucker, E., Locher, U., Stimson, G. V., and Wodak, A. The Harm
Reduction Approach to Drug Control : International Progress.
http://hivinsite.ucsf.edu/topics/needle_exchange/2098.2969.html . 1994.
188. Coyle,S.L., Needle,R.H., and Normand,J. (1998): Outreach-based HIV prevention for injecting
drug users: a review of published outcome data. Public Health Rep., 113 Suppl 1:19-30.
189. Zaric,G.S., Barnett,P.G., and Brandeau,M.L. (2000): HIV Transmission and the Cost-Effectiveness
of Methadone Maintenance. American Journal of Public Health , 90:1100-1111.
190. Barnett, P. G. and Rodgers, J. H. The cost of substance abuse treatment: a multivariate cost
function using the NDATUS. 1998. Palo Alto, CA, VA Health Care Systems.

HIV Prevention

page 77

191. Adelekan,M. and Stimson,G.V. (1997): Problems and Prospects of Implementing Harm Reduction
for HIV and Injecting Drug Use in High Risk Sub-Saharan African Countries. Journal of Drug
Issues , 27:97-166.
192. Hangzo,C., Chatterjee,A., Sarkar,S., Zomi,G.T., Deb,B.C., and Abdul-Quader,A.S. (1997):
Reaching out beyond the hills: HIV prevention among injecting drug users in Manipur, India.
Addiction, 92:813-820.
193. Semaan, S., Des Jarlais, D., Hedges, L., Flores, S., Sogolow, E., and HIV/AIDS Presevention
Research Synthesis Project Team. Descriptive and Meta-Analytic Results of Safer Sex Outcomes
for U.S.-Based HIV Risk Reduction Interventions with Drug Users. 13th International AIDS
Conference, Durban, South Africa. 2000.
194. WHO and IFRC. Safe blood starts with me. 2000. Geneva, Switzerland, World Health
Organization.
195. Tapko, J. B., WHO, and AFRO. Workshop of the Directors of National Blood Transfusion
Services, Harare May 2-5, 2000.
196. Heymann,S.J. and Brewer,T.F. (1992): The problem of transfusion-associated acquired
immunodeficiency syndrome in Africa: a quantitative approach. Am J Infect.Control, 20:256-262.
197. McFarland,W., Kahn,J.G., Katzenstein,D.A., Mvere,D., and Shamu,R. (1995): Deferral of blood
donors with risk factors for HIV infection saves lives and money in Zimbabwe. J Acquir.Immune
Defic.Syndr.Hum.Retrovirol., 9:183-192.
198. Donegan,E., Lee,H., Operskalski,E.A., Shaw,G.M., Kleinman,S.H., Busch,M.P., Stevens,C.E.,
Schiff,E.R., Nowicki,M.J., Hollingsworth,C.G., and . (1994): Transfusion transmission of
retroviruses: human T-lymphotropic virus types I and II compared with human immunodeficiency
virus type 1. Transfusion, 34:478-483.
199. UNAIDS. Blood Safety and AIDS. UNAIDS Point of View.
200. Consten,E.C., van der Meer,J.T., de Wolf,F., Heij,H.A., Henny,P.C., and van Lanschot,J.J. (1997):
Risk of iatrogenic human immunodeficiency virus infection through transfusion of blood tested by
inappropriately stored or expired rapid antibody assays in a Zambian hospital. Transfusion,
37:930-934.
201. Goodwyn,D.J. and Kywe,U.B. (1999): Retrospective Donor Profiling: A Tool for Enhancing
Blood Safety. American Journal of Infection Control, 27:388-391.
202. Ray,V.L., Chaudhary,R.K., and Choudhury,N. (2000): Transfusion safety in developing countries
and the Indian scenario. Dev.Biol.Stand., 102:195-203.
203. Dhingra-Kumar,N., Sharma,A.K., and Madan,N. (1997): Analysis of quality assurance
programmes for HIV screening in blood transfusion centres in Delhi. Bull World Health Organ,
75:223-228.
204. Nanu,A., Sharma,S.P., Chatterjee,K., and Jyoti,P. (1997): Markers for transfusion-transmissible
infections in north Indian voluntary and replacement blood donors: prevalence and trends 19891996. Vox Sang., 73:70-73.
205. WHO. World Health Day Country Reports: India. 2000.

HIV Prevention

page 78

206. McFarland,W., Mvere,D., Shandera,W., and Reingold,A. (1997): Epidemiology and prevention of
transfusion-associated human immunodeficiency virus transmission in sub-Saharan Africa. Vox
Sang., 72:85-92.
207. Kitayaporn,D., Kaewkungwal,J., Bejrachandra,S., Rungroung,E., Chandanayingyong,D., and
Mastro,T.D. (1996): Estimated rate of HIV-1-infectious but seronegative blood donations in
Bangkok, Thailand. AIDS, 10:1157-1162.
208. Watson,N. and Taylor,C. (2000): Allogeneic blood transfusion: the alternatives. Hospital
Pharmacist, 7:118-123.
209. Carvalho,M.B., Hamerschlak,N., Vaz,R.S., and Ferreira,O.C. (1996): Risk factor analysis and
serological diagnosis of HIV-1/HIV-2 infection in a Brazilian blood donor population: validation
of the World Health Organization strategy for HIV testing. AIDS, 10:1135-1140.
210. Kumaranayake,L. and Watts,C. (2000): Economic costs of HIV/AIDS prevention activities in subSaharan Africa. AIDS, 14 Suppl 3:S239-S252
211. Foster,S. and Buve,A. (1995): Benefits of HIV screening of blood transfusions in Zambia. Lancet,
346:225-227.
212. Lackritz,E.M., Ruebush,T.K., Zucker,J.R., Adungosi,J.E., Were,J.B., and Campbell,C.C. (1993):
Blood transfusion practices and blood-banking services in a Kenyan hospital. AIDS, 7:995-999.
213. Hoogstraten,M.J., Consten,E.C., Henny,C.P., Heij,H.A., and Lanschot,J.J. (2000): Are there simple
measures to reduce the risk of HIV infection through blood transfusion in a zambian district
hospital? Trop Med Int Health, 5:668-673.
214. Boulton,F. (2001): Blood transfusion: past, present, and future. Blood Therapies in Medicine, 1:210.
215. Schutz,R., Savarit,D., Kadjo,J.C., Batter,V., Kone,N., La Ruche,G., Bondurand,A., and De
Cock,K.M. (1993): Excluding blood donors at high risk of HIV infection in a west African city.
BMJ, 307:1517-1519.
216. Mundee,Y., Kamtorn,N., Chaiyaphruk,S., Nantachit,N., Ness,P.M., and Nelson,K.E. (1995):
Infectious disease markers in blood donors in northern Thailand. Transfusion, 35:264-267.
217. McFarland,W., Mvere,D., and Katzenstein,D. (1997): Risk factors for prevalent and incident HIV
infection in a cohort of volunteer blood donors in Harare, Zimbabwe: implications for blood safety.
AIDS, 11 Suppl 1:S97-102.
218. McFarland,W., Mvere,D., Shamu,R., and Katzenstein,D. (1998): Risk factors for HIV
seropositivity among first-time blood donors in Zimbabwe. Transfusion, 38:279-284.
219. Schleicher, C. Application of ultraviolet blood irradiation for treatment of certain diseases and
other blood borne viruses. 1998. The Academy for Future Science.
220. Goubran,H.A., Burnouf,T., and Radosevich,M. (2000): Virucidal heat-treatment of single plasma
units: a potential approach for developing countries. Haemophilia ., 6:597-604.
221. The International AIDS Vaccine Initiative (IAVI). http://www.iavi.org . 2001.
222. Ferrari,G., Humphrey,W., McElrath,M.J., Excler,J.L., Duliege,A.M., Clements,M.L., Corey,L.C.,
Bolognesi,D.P., and Weinhold,K.J. (1997): Clade B-based HIV-1 vaccines elicit cross-clade

HIV Prevention

page 79

cytotoxic T lymphocyte reactivities in uninfected volunteers. Proc Natl Acad Sci U S A, 94:1396401.
223. Rowland-Jones,S.L., Dong,T., Fowke,K.R., Kimani,J., Krausa,P., Newell,H., Blanchard,T.,
Ariyoshi,K., Oyugi,J., Ngugi,E., Bwayo,J., MacDonald,K.S., McMichael,A.J., and Plummer,F.A.
(1998): Cytotoxic T cell responses to multiple conserved HIV epitopes in HIV-resistant prostitutes
in Nairobi. J Clin Invest, 102:1758-65.
224. Brander,C. and Walker,B.D. (1999): T lymphocyte responses in HIV-1 infection: implications for
vaccine development. Curr Opin Immunol., 11:451-9.
225. Berzofsky,J.A., Ahlers,J.D., Derby,M.A., Pendleton,C.D., Arichi,T., and Belyakov,I.M. (1999):
Approaches to improve engineered vaccines for human immunodeficiency virus and other viruses
that cause chronic infections. Immunol Rev, 170:151-72.
226. Kaul,R., Plummer,F.A., Kimani,J., Dong,T., Kiama,P., Rostron,T., Njagi,E., MacDonald,K.S.,
Bwayo,J.J., McMichael,A.J., and Rowland-Jones,S.L. (2000): HIV-1-specific mucosal CD8+
lymphocyte responses in the cervix of HIV-1-resistant prostitutes in Nairobi. J Immunol,
164:1602-11.
227. Devito,C., Hinkula,J., Kaul,R., Lopalco,L., Bwayo,J.J., Plummer,F., Clerici,M., and Broliden,K.
(2000): Mucosal and plasma IgA from HIV-exposed seronegative individuals neutralize a primary
HIV-1 isolate. AIDS, 14:1917-20.
228. Geijtenbeek,T.B., Kwon,D.S., Torensma,R., Van Vliet,S.J., Van Duijnhoven,G.C., Middel,J.,
Cornelissen,I.L., Nottet,H.S., Kewal Ramani,V.N., Littman,D.R., Figdor,C.G., and Van Kooyk,Y.
(2000): DC-SIGN, a dendritic cell-specific HIV-1-binding protein that enhances trans-infection of
T cells. Cell., 100:587-97.
229. LaCasse,R.A., Follis,K.E., Trahey,M., Scarborough,J.D., Littman,D.R., and H.,N.J. (1999):
Fusion-competent vaccines: broad neutralization of primary isolates of HIV. Science., 283:357-62.
230. Girard,M., Habel,A., and Chanel,C. (1999): New prospects for the development of a vaccine
against human immunodeficiency virus type 1. An overview. C R Acad Sci III, 322:959-66.
231. Goldenthal,K.L., Vaillancourt,J.M., Geber,A., and Lucey,D.R. (1998): Preventive HIV type 1
vaccine clinical trials: a regulatory perspective. AIDS Res Hum Retroviruses, 14 Suppl 3:333-40.
232. Heyward,W.L., MacQueen,K.M., and Goldenthal,K.L. (1998): HIV vaccine development and
evaluation: realistic expectations. AIDS Res Hum Retroviruses, 14 Suppl 3:205-10.
233. Letvin,N.L. (1998): Progress in the development of an HIV-1 vaccine. Science, 280:1875-80.
234. Nathanson,N. and Mathieson,B.J. (2000): Biological considerations in the development of a human
immunodeficiency virus vaccine. J Infect Dis, 182:579-89.
235. Blower,S.M. and McLean,A.R. (1994): Prophylactic vaccines, risk behavior change, and the
probability of eradicating HIV in San Francisco. Science, 265:1451-1454.
236. World Bank. HIV/AIDS Project Funding. www.worldbank.org.
237. Sachs, J. Op-Ed: The Best Possible Investment in Africa. The New York Times, February 10, 2001.

HIV Prevention

page 80

238. Schwartlander,B., Stover,J., Walker,N., Bollinger,L., Gutierrez,J.P., McGreevey,W., Opuni,M.,
Forsythe,S., Kumaranayake,L., Watts,C., and Bertozzi,S. (2001): AIDS: resource needs for
HIV/AIDS. Science, 292:2434-2436.
239. Piot,P. (1998): The science of AIDS: a tale of two worlds. Science, 280:1844-1845.
240. Hein,K. (1998): Aligning science with politics and policy in HIV prevention. Science, 280:19051906.
241. Dayton, J. World Bank HIV/AIDS Interventions: Ex-ante and Ex-post Evaluation. World Bank
Discussion Paper No. 389. 1998
242. World Bank. Intensifying Action Against HIV/AIDS in Africa: Responding to a Development
Crisis. 2001.
243. Ainsworth,M. and Teokul,W. (2000): Breaking the silence: setting realistic priorities for AIDS
control in less-developed countries. Lancet, 356:55-60.
244. G8 Okinawa Communique 2000. http://www.g8kyushu-okinawa.go.jp/e/documents/commu.html .
23-7-2000.

245. Kahn,J.G. and Stansted,K.C.H. (1998): AIDS Public Policy, 12:21
246. Horizons. Peer Education and HIV/AIDS : Past Experience, Future Directions. 1999,
Population Council. www.popcouncil.org.
247. Ngugi, E., Plummer, F.A., and Costigan, A. HIV Prevention among commercial sex
workers in Kenya. http://www.aidnet.ch/e/infothek_edition_2_00_023.html.
248. Bandyopadhyay, N. and Banerjee, B. Sex workers in Calcutta organize themselves to
become agents for change. Sexual Health Exchange, (2), 1999.
249. APAC-VHS. Prevention of STD/HIV/AIDS among women in prostitution: changing
trends. 2000, APAC-VHS. Chennai, India.

HIV Prevention

page 81

