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Background
After more than 25 years into an epidemic of a completely
preventable disease, public health programs have not
been able to sufficiently reduce the number of new HIV
infections around the world. The global AIDS epidemic
update reports that 2.7 million people acquired HIV dur-
ing 2007 [1]; over 7,000 people were infected with HIV
every day [2]. Prevention may save millions of people, but
it is far from working well. One of the reasons why imple-
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Using the search terms and restrictions listed in Table 1 we
retrieved 506 references. A preliminary analysis of
abstracts was conducted, and led to the retrieval of 90
works for full-text assessment.

We systematically reviewed the literature for CEA studies
that compared a new intervention or program modifica-
tion with a comparison case (no-intervention, status quo,
or other intervention). The studies were classified by type
of intervention (behavioral, biomedical or structural) as
well as the specific prevention intervention. Based on
these criteria, we reviewed 21 distinct CE studies.

The information about costs and effectiveness was
abstracted into a checklist for each of the studies fulfilling
the search criteria. We noted the place of the intervention,
the target population, and the main issue addressed, as
well as the type of epidemic in which the program took
place (concentrated, generalized) and the main CE results.
We reported CE studies that used cost per HIV infection
averted (HIA) or cost per DALY/QALY averted/gained as
the main outcome variable.

The classification of interventions in this review comes
from a typology used by the UNAIDS and the World
Health Organization (WHO) [9] and recent reviews on
HIV prevention published in the Lancet [10,12-14]. Nev-
ertheless, some of the interventions fall under two or
more of the types presented. A better typology should rec-
ognize the independence of intervention and target popu-
lation. The lack of clarity in intervention typology is most
acute in the area of structural intervention, rendering it
more difficult to speak of CE of different interventions.
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ics), four from Asia (low-level generalized and concen-
trated epidemics), two from Latin America (concentrated
epidemics) and only one from Eastern Europe (concen-
trated epidemic). The total is 23 because two studies dealt
with two regions. See Additional File 1.

In the remainder of this section, we summarize the find-
ings by type of intervention.

Behavior change interventions
The aim of behavior change interventions is to reduce the
risk of HIV infection through modification of sexual and
addiction-related behaviors [14]. Studies were found in
this category for voluntary counseling and testing (VCT),
treatment for addictions (alcohol and drugs), and school-
based programs.

Voluntary counseling and testing
A study in Cape Town, South Africa [20], measured the
costs and CE of the ProTEST, a package aiming to decrease
HIV transmission through voluntary counseling and test-
ing (VCT). The authors collected annual cost data retro-
spectively using ingredient-based costing in three primary
care facilities, and estimated the cost per HIV infection
averted (HIA) and the cost per TB case prevented. The esti-
mated cost per HIA by VCT in ProTEST was US$ 67 in the
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period, the 1,000 MCs would avert 308 adult HIV infec-
tions resulting in US$2.4 million in net savings due to the
HIV medical costs averted over a lifetime. According to the
study, the higher the MC coverage, the more cost-effective
the intervention would be.

Another study conducted for a cohort in Rakai, Uganda
used a stochastic model to simulate the impact of MC on
HIV incidence, infections averted and cost [34]. The
researchers developed different estimates for various lev-
els of efficacy (40-60%) and circumcision coverage (25-
100%). With the cost per HIA ranging between US$ 1,269
and US$ 3,911 at 75% coverage, the study found MC to
be cost-effective even at a higher cost of US$69 per cir-
cumcision.

Studies by Martin, Bollinger and colleagues in Lesotho
and Swaziland [35,37] provide MC cost and CE estima-
tions. Both country-case studies used the same cost-esti-
mation methodology modeled on an all-ingredients
analysis of providing MC to 15-49 year old men at a cov-
erage rate of 52.5% (Lesotho) and 57.5% (Swaziland)
during the next twelve years (2008-2020). CE was
assessed using cost per HIA and number of HIA per cir-
cumcision. The CE was found to be US$ 292 in Lesotho
and US$ 176 in Swaziland. One HIV infection would be
averted for every 6.1 and 4.1 circumcisions, respectively,
in Lesotho and Swaziland. It is notable that the CE analy-
sis was dependent on when in the roll-out the estimation
was made, as well as the pace of implementation. The
results showed that MC would be a highly cost-effective
intervention.

An individual-based model fitted to the characteristics of
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evidence regarding men who have sex with men (MSM) or
male sex workers (MSW) in Latin America, or any studies
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domized trial in Zimbabwe showed that uptake of VCT
services continues to be low, prompting consideration of
new strategies to improve uptake, such as workplace-
based alternatives [54]. Nevertheless, we found a study in
Colombia [55] that presents a decision tree to compare CE
of three strategies for HIV screening of pregnant women:
voluntary, universal and optional. The study includes all
women with unknown HIV status admitted for child birth
in the country. For every HIV-positive newborn case
detected, the universal screening strategy is less costly
(US$ 17) than the optional (US$ 24) and the voluntary
(US$ 38) strategies. However, as this study does not
present costs per HIA it was not presented in the results
section.

Biomedical interventions
It is not unexpected that no studies of CE on microbicides
have been published in the last four years, given the
mostly disappointing news from the clinical trials [56-
58]. Similarly, progress on a vaccine for HIV has been slow
[59]. An international vaccine trial was discontinued in its
second phase after interim analysis showed that the vac-
cine efficacy could not be obtained [60,61] and that it
may actually make the subjects more susceptible to HIV
[62,63]. So far, the only vaccine candidate to complete a
phase III efficacy trial had no protective effect [64]. Fur-
thermore, experimental and policy challenges to the
development of a vaccine [65] make the hope more uncer-
tain [63]. Nevertheless, vaccine research has seen massive
investment estimated at about US$ 800 million a year
[66], as well as increased coordination efforts [67]. Mode-
ling estimates suggest that even a modestly efficacious vac-
cine could have a substantial impact on controlling the
epidemic and substantial financial savings; thus, the rea-
son to continue investing resources on developing an
effective vaccine [68].

Furthermore, other analysis on vaccines by Berndt and
colleagues [69] highlight the key role played by product
pricing, uptake rates, and efficacy in the CE analysis proc-
ess. In particular, they emphasize that CE estimates are
sensitive to market prices; but, in turn, market prices are
sensitive to volume discounts which can be achieved with
more cost effective interventions. The authors also find
that duration of protection would have a strong effect on
the CE of a vaccine.

Only one study [24] explicitly modeled the interaction
between ART and prevention, although some effective-
ness evidence does exist [70-73]. ART reduces viral load,
but it also increases physical wellbeing, and patients' abil-
ity to engage in sexual activity. Hence, the interactions
between providing ART and continuing prevention efforts
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have had the potential to do so. For example, Cohen and
Dupas [84] present results from Kenya where in-kind
incentives and price subsidies were used for malaria pre-
vention. Women were randomized to free or three (inter-
vention) price-levels of insecticide-treated bed nets if they
attended a health post where general health and HIV pre-
vention information was provided. They showed that
higher incentives (lower prices) directly increased the
uptake of bed nets. However, they did not directly link
attendance to treatment and PMTCT in the form of nevi-
rapine for HIV-positive mothers.

Similarly, experimental research in Malawi by Thornton
[85] suggests that even a small economic incentive (as lit-
tle as one tenth of daily wage) can increase the percentage
of people returning for their HIV test results to about 80%
(compared to the 39% of participants who return for HIV
test results without an incentive). Furthermore, HIV-posi-
tive individuals who learn their infection status are three
times more likely to purchase condoms. However, the
number of condoms purchased was small, only two on
average. Testing alone does not seem to be as cost effective
as other interventions [85].

Although few structural interventions measure HIV infec-
tions averted (HIA), the main outcome of interest, struc-
tural interventions in general and conditional cash
transfers [86] in particular could have a great potential to
alter behaviors and prevent HIV. Randomized controlled
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