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Abstract. Decisions about HIV prevention and treatment programs are based on factors such as program costs and health benefits, social
and ethical issues, and political considerations. AIDS policy models — that is, models that evaluate the monetary and non-monetary
consequences of decisions about HIV/AIDS interventions — can play a role in helping policy makers make better decisions. This paper
provides an overview of the key issues related to developing useful AIDS policy models. We highlight issues of importance for researchers
in the field of AIDS policy modeling as well as for policy makers. These include geographic area, setting, target groups, interventions,
affordability and effectiveness of interventions, type and time horizon of policy model, and type of economic analysis. This paper is not
intended to be an exhaustive review of the AIDS policy modeling literature, although many papers from the literature are discussed as
examples; rather, we aim to convey the composition, achievements, and challenges of AIDS policy modeling.
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1. Introduction

Some 34 million individuals worldwide are infected with hu-
man immunodeficiency virus (HIV), the virus that causes
AIDS, and 18.8 million people have died from AIDS [103].
AIDS is now the third largest and the most politicized epi-
demic in the history of mankind, and no end is in sight. It is
likely that the HIV epidemic will soon surpass the 20th cen-
tury influenza epidemic which led to 20 million deaths [38],
and the 14th century plague epidemic which led to 25 mil-
lion deaths in Europe alone [56]. The majority of HIV cases
— approximately 95% of the global total — have occurred in
developing countries [102].

Experts say that, for developing countries, the most
promising means for controlling the epidemic is a vac-
cine [41,107,218]. However, no vaccine is currently avail-
able, nor is one likely to become available in the near fu-
ture [65]. Thus, efforts to control the epidemic have focused
on prevention [105]. Prevention needs around the world
differ because of economic constraints, differing modes of
transmission, and cultural and political factors [102,105].

New therapies for treating HIV have recently become
available. These therapies can prolong the lives of HIV-
infected individuals [47,54], can reduce vertical HIV trans-
mission [63], and may reduce the probability of HIV trans-
mission from an infected, treated person [215,216,230].
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Available per capita funds for health care differ greatly in
different countries, so the appropriate types of HIV/AIDS
treatment also differ.

Determining how best to spend limited funds on HIV pre-
vention and treatment programs in different regions of the
living world is challenging. Decisions about HIV prevention
and acquired immunodeficiency syndrome treatment pro-
grams are based on many factors, including program costs
and health benefits, available funding, social and ethical is-
sues, and political considerations. AIDS policy models —
that is, models that evaluate the monetary and non-monetary
consequences of decisions about HIV/AIDS interventions —
can play a role in helping policy makers make better deci-
sions.

AIDS policy models can be used to support decisions
about investment in HIV interventions. Possible interven-
tions include many types of prevention programs as well as
programs for care and treatment of HIV-infected individu-
als; see figure 1. Policy makers must decide how best to
design new interventions, which interventions to initiate or
terminate over time, and how to allocate limited resources
optimally among competing interventions. By assessing the
monetary and non-monetary consequences of existing and
potential HIV interventions, AIDS policy models can help
support such decisions. For example, AIDS policy models
can be used to estimate the relative costs and benefits of dif-
ferent HIV treatment regimens, thus assisting decision mak-
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— Care and treatment of
infected individuals
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Figure 1. HIV prevention and treatment interventions.

ers in determining the best allocation of limited resources for
treating HIV-infected individuals. AIDS policy models can
be used to estimate the relative costs and benefits of different
HIV treatment and prevention programs, thus assisting deci-
sion makers in determining the best allocation of resources
between HIV prevention and treatment programs. An AIDS
policy model can be used to estimate the relative costs of
an HIV prevention program when targeted to different risk
groups in the population, thus assisting decision makers in
designing a cost-effective prevention program. Sometimes
decision makers may choose not to invest in the most cost-
effective intervention or set of interventions. In such a case,
the information from an AIDS policy model can be used to
make explicit the implicit value judgments and assumptions
underlying a given policy choice.

AIDS policy models can provide insight into the dynam-
ics of the spread of the epidemic among population groups
and can therefore help identify trends, make general fore-
casts, and even estimate the uncertainty in forecasts. This
knowledge is essential for planning future HIV/AIDS re-
source needs. For example, a model of HIV epidemic dy-
namics and treatment patterns can be used to determine the
number of hospital beds or home health visits that will be
needed in the future in a given area.

AIDS policy models can also help guide data collection
efforts. Many factors related to HIV prevention and treat-
ment, such as biological, epidemiological, and behavioral
factors, are uncertain. Through sensitivity analysis, policy
models can identify those uncertain variables that have the
greatest effect on program outcomes — and thus identify the
variables for which further data are most urgently needed.
Where data are uncertain, policy models can also be used to
demonstrate when a decision can be justified despite incom-
plete data. AIDS policy models can also help guide deci-
sions about the types of data that should be collected. For
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example, an AIDS policy model can help support decisions
about whether to collect HIV versus AIDS surveillance data,
or decisions about whether to rely on statistical estimation of
HIV incidence or to collect anonymous reporting data or to
collect named reporting data.

Decisions about HIV/AIDS interventions are often highly
politicized, with many individuals influencing policy de-
cisions, including legislators, public health officials, and
advocates for those with HIV/AIDS. The policy making
process for HIV/AIDS is often strongly influenced by fac-
tors other than program costs and benefits. For example,
in many countries, resources devoted to HIV prevention are
only a small fraction of the needed funds, not only because
of poverty but also because of ignorance of the magnitude
of the HIV epidemic and social stigmas against individu-
als with AIDS. As another example, although routine HIV
screening of newborns may be effective in reducing HIV
transmission, many have objected to such screening on the
grounds that it constitutes a non-consensual HIV test of the
mother [206]. Despite the influence of non-quantifiable fac-
tors, AIDS policy models can still provide important input
to the AIDS policy making process. Although many AIDS
policy models have not had a demonstrable effect on pol-
icy making, some AIDS policy models have affected policy
debates, in areas such as needle exchange programs (e.g.,
see [99,120,136,156,159]), HIV screening of health care
providers (e.g., see [2,164,179]), and HIV screening of the
blood supply (e.g., see [202]). For further discussion of the
influence of AIDS policy models, see [109,119].

This paper discusses key issues that are relevant to devel-
oping useful AIDS policy models — and thus an improved
AIDS policy making process and more informed decisions
regarding investment in HIV prevention and treatment pro-
grams. Previous papers that have reviewed AIDS policy
modeling have focused on selected issues such as the types
of economic analyses used to evaluate HIV prevention pro-
grams [94,177], types of policy models [21,23], and target
groups and interventions [86,109,184], often with emphasis
only on policy issues most relevant to industrialized nations.
This paper aims to provide a more comprehensive overview
of the key issues related to developing useful AIDS policy
models. We highlight issues of importance for researchers in
the field of AIDS policy modeling as well as for policy mak-
ers, and we discuss how these issues vary in different regions
of the world. This paper is not intended to be an exhaus-
tive review of the AIDS policy modeling literature, although
many papers from the current literature are discussed as ex-
amples; rather, we aim to convey the composition, achieve-
ments, and challenges of AIDS policy modeling.

2. Key issues in AIDS policy modeling

Our framework of key issues in AIDS policy modeling is il-
lustrated in figure 2. These include geographic area, setting,
target groups, interventions, affordability and effectiveness
of interventions, type and time horizon of policy model, and
type of economic analysis.
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Figure 2. Key issues in AIDS policy modeling.

Many aspects of HIV prevention, care, and treatment re-
quire different approaches in different geographical areas,
as discussed in section 2.1. Policy makers need different
types of AIDS policy models for different settings and tar-
get groups, as discussed in section 2.2. In section 2.3 we
provide an overview of the most important types of inter-
ventions, and we cite a number of policy models that have
been developed to assess these interventions. In some cases,
effective interventions exist but are not affordable, as dis-
cussed in section 2.4. In section 2.5 we examine how the ef-
fectiveness of interventions can be measured. In section 2.6
we discuss how AIDS policy models must strike the proper
balance between simplicity and tractability versus realism in
order to be useful to policy makers. In section 2.7 we discuss
the types of economic analysis that can be used to assess the
costs and benefits of HIV/AIDS interventions.

2.1. Geographical area

Many aspects of HIV prevention, care, and treatment require
different approaches in different geographical areas. For ex-
ample, in order to develop appropriate communications for
HIV prevention programs, it is important to take into account
government policy, socioeconomic status, culture, gender re-
lations, and spirituality [105]. As another example, in order
to design effective HIV prevention programs, it is important
to understand how HIV spreads in different geographical ar-
eas: heterosexual transmission is the main mode of infec-
tion in sub-Saharan Africa and South and Southeast Asia,
whereas injection drug use is a dominant infection mode in
regions such as North Africa and the Middle East, East Asia
and The Pacific, Latin America, North America, and West-
ern Europe.

Most comprehensive AIDS policy models have been ap-
plied to industrialized countries, but over 95% of HIV-
infected individuals in the world live in developing coun-
tries [102]. The AIDS pandemic has substantially burdened
the economies and healthcare systems of developing coun-
tries [61,80,92], has led to dramatic falls in life expectancy
[19], and has considerably affected the demographic, social,
and environmental situation [19,20,78,80]. Agriculture is
particularly vulnerable to labor loss from AIDS deaths [80].
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Providing care and support to children orphaned from AIDS
has also become a critical issue [30,52].

Overviews of AIDS policy models for industrialized
countries are given in [21,23,86,109]. Fewer examples of
AIDS policy models for developing countries can be found
in the literature. For instance, Van der Ploeg et al. [213] used
a simulation model for decision support in attempts to con-
trol sexually transmitted diseases (STDs), including HIV, in
Kenya. Bernstein et al. [15] set up a policy model for Central
and East African cities to analyze the main prevention strate-
gies of the United States Agency for International Develop-
ment and its development partners. Rowley et al. [194,195]
analyzed the demographic consequences of reducing hetero-
sexual transmission of HIV in sub-Saharan Africa. Heiden-
berger and Flessa [85] developed an AIDS policy model to
determine the spread of the epidemic in Tanzania and its im-
pact on the resources of a major Tanzanian hospital.

2.2. Setting and target groups

AIDS policy models can be used in a variety of settings.
These settings influence the types of interventions that
are relevant and the type of policy model that is needed.
AIDS policy models can be used by governmental agen-
cies and policy makers. They can be applied by healthcare
providers such as general hospitals, ambulatory-care institu-
tions, acute-care hospitals, long-term care institutions, home
healthcare institutions, hospices, STD clinics, and physi-
cians’ offices, as well as drug treatment centers and street
outreach organizations. They can also be used by institu-
tions that do not provide health care, such as companies who
wish to determine appropriate HIV/AIDS workplace poli-
cies.

The divergence of geographic areas and settings leads to
different risk groups for HIV. The virus can be transmit-
ted through contaminated blood and blood products; from
a mother to her offspring during pregnancy, childbirth or
breast feeding; through injection with a contaminated nee-
dle; or through sexual contacts. Dominant modes of HIV
transmission vary in different regions of the world, so key
target groups for prevention and treatment also vary. Tar-
get groups include homosexuals, bisexuals, heterosexuals,
commercial sex workers, injection drug users (IDUs), health
care workers, women of childbearing age, and newborns, as
well as individuals encountered in a particular setting, such
as hospital inpatients or individuals attending an STD clinic.
For examples of AIDS policy models focusing on various
target groups, see [21,23,86,109]. In the following section
we discuss target groups further in the context of HIV inter-
ventions.

2.3. Interventions

This section provides an overview of the most important
types of HIV/AIDS interventions, and cites a number of pol-
icy models that have been developed to assess these inter-
ventions. Our aim is to provide the reader with a sense of
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the types of available interventions, the range and types of
AIDS policy models that have been developed, and areas
where further analysis is needed.

A variety of HIV prevention and treatment interventions
are available [23,86,93]. We classify the interventions into
behavioral and non-behavioral interventions, as illustrated
in figure 1. Behavioral interventions aim to change the risky
behavior of infected and at-risk individuals, and include gen-
eral counseling and testing programs, partner notification
programs, and programs aimed at slowing HIV transmis-
sion from mothers to their offspring, from sexual contacts,
and from injection drug use. Non-behavioral interventions
include programs to ensure the safety of the healthcare sys-
tem, immigration restrictions and quarantine programs, gen-
eral programs such as registration of HIV-positive individ-
uals, care and treatment of individuals with HIV/AIDS, and
possible vaccination if a vaccine against HIV becomes avail-
able. Interventions that are primarily behavioral may have
non-behavioral aspects, and vice versa: for example, pro-
grams to ensure the safety of the healthcare system, such
as universal precautions against HIV, require some behavior
change on the part of healthcare workers.

2.3.1. Behavioral interventions

Many AIDS policy models have examined HIV counsel-
ing and testing programs. Such programs offer many ben-
efits [160]. Individuals screened for HIV receive coun-
seling that may encourage them to reduce their high-risk
sexual or drug-using behavior, and individuals who are
found to be HIV infected can undergo therapy earlier than
they would have otherwise. Counseling and testing pro-
grams can be targeted to different risk groups in differ-
ent settings. The literature contains many examples of
policy models that evaluate HIV screening programs tar-
geted to various groups such as bisexual and homosex-
ual men [210], IDUs [217], prostitutes [31], women [3,
24-27,98,147,154,162], newborns [226], patients [81,106,
126,132,166], healthcare workers [39,164,179], and immi-
grants [232]. More general models that evaluate untar-
geted counseling and testing programs have also been de-
veloped [69,97,146,155,184,185].

Recent advances in treatment options for HI V-infected in-
dividuals have made partner notification programs more at-
tractive, but such programs often raise ethical issues. Holt-
grave and colleagues found that counseling, testing, referral,
and partner notification services funded by the Centers for
Disease Control and Prevention in the United States resulted
in a net economic gain to society [97]. For an overview of
studies that evaluate partner notification programs, see [59].

Approximately half of all people who acquire HIV be-
come infected before age 25 [102]. Although antiviral
treatment for HIV-infected pregnant women and their oft-
spring has been shown to reduce vertical HIV transmission
sharply [29], vertical transmission remains a critical issue in
developing countries. In sub-Saharan Africa some 450000
HIV-infected children are born each year [102]. The child-
bearing behavior of HIV-infected mothers can be changed
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by reducing the birth rate (e.g., use of contraceptives) or by
decreasing the chance of perinatal transmission from an in-
fected mother (e.g., use of safe birth techniques, avoidance
of breastfeeding). Some work has been done to investigate
policies aimed at reducing vertical transmission in indus-
trialized countries [3,5,24-27,162,226]; less work has been
done to analyze policies for reducing vertical transmission
in developing countries [139-141,222].

Transmission of HIV via sexual contacts appears to be
considerably less efficient and more variable than vertical or
bloodborne transmission [214]. Male-to-male sexual con-
tacts have the highest transmission risk, followed by male-
to-female sexual contacts, and then female-to-male sexual
contacts [167,168,196]. STDs can further increase the risk
of HIV transmission. Many HIV prevention programs con-
centrate on modifying sexual behavior by safe sex tech-
niques, reducing the number of sexual contacts, and com-
bating STDs.

Initially the HIV epidemic in industrialized countries
spread rapidly among gay and bisexual men, so many AIDS
policy models evaluated interventions targeted to individu-
als in these risk groups or their partners. For example, Heth-
cote [90] analyzed several prevention programs for homo-
sexual men in San Francisco, and Kaplan [113] and Ka-
plan and Abramson [118] analyzed educational programs
targeted to gay men. Later, gays and bisexuals, IDUs, and
commercial sex workers spread the epidemic to the hetero-
sexual population in industrialized countries. Rauner [186]
analyzed the effect of HIV prevention programs targeted
to bisexuals, homosexuals, and IDUs in Vienna, Austria.
Richter et al. [188] investigated HIV prevention programs
targeted to adolescents, including those aimed at reducing
sexual transmission of HIV.

Sexual contact is the main mode of HIV transmission in
developing countries [102]. Limited work has been done to
analyze policies that aim to slow the sexual spread of HIV in
developing countries. For example, Moses et al. [151] calcu-
lated the costs and effectiveness of an intervention targeted
to a high-frequency STD-transmitter core group in Africa.
Van der Ploeg et al. [213] investigated efforts to control
STDs, including HIV, in Kenya. Bernstein et al. [15] mod-
eled HIV prevention strategies for Central and East African
cities, including those aimed at reducing the sexual spread
of HIV. Rowley et al. [194,195] analyzed the demographic
consequences of reducing heterosexual transmission of HIV
in sub-Saharan Africa. Marseille et al. [142] analyzed the
cost effectiveness of female condoms to prevent pregnancy,
HIV, and STD transmission in southern Africa.

In industrialized countries, injection drug use is a key
mode of HIV transmission, both directly through injec-
tions with contaminated needles and indirectly through sex-
ual contacts of infected IDUs. HIV risk from drug injec-
tions can be reduced by clean-needle programs, needle ex-
change programs, reductions in needle-sharing contacts, use
of difficult-to-reuse syringes, substance abuse treatment, and
broad anti-drug campaigns. Researchers have developed
AIDS policy models to analyze some of these interventions,
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including needle bleaching programs [203], needle exchange
programs [87], the use of difficult-to-reuse syringes [32],
and methadone maintenance treatment [224,228]. Richter
et al. [187] investigated optimal allocation of resources
among HIV prevention programs targeted to IDUs and non-
IDUs.

2.3.2. Non-behavioral interventions

We define non-behavioral interventions as those that do not
rely primarily on voluntary behavior change on the part of
infected or at-risk individuals. One group of non-behavioral
interventions is aimed at ensuring the safety of the health-
care system, through measures such as blood supply screen-
ing, universal precautions for healthcare workers, and use of
sterile equipment.

Bloodborne transmission of HIV is highly efficient [214].
After the introduction of HIV screening tests in 1985, HIV
transmission via blood donations dropped sharply [72], al-
though a residual risk of HIV transmission from window-
period donations still exists [134]. In industrialized coun-
tries, safeguards for the blood and tissue supply include
donor deferral based on a donor’s risk factors, confiden-
tial exclusion of blood units from donors with self-admitted
risk factors, and testing of the blood itself [175]. Ma-
jor improvements in blood safety have been achieved in
industrialized countries, but in developing countries the
safety of blood products and injections is still a critical is-
sue [45,62,74,101,112,134,205]. Simonsen et al. [205] re-
ported that at least 50% of injections were unsafe in 14 of 19
countries in developing world regions for which data were
available. Researchers have investigated the impact of blood
donor screening on the spread of HIV [55,116,117,202] and
the impact of transmission via blood products [85]. Other
researchers have developed AIDS policy models to consider
the effects of preoperative autologous blood donation [16]
and to plan the safety of blood products for blood donation
centers [55,72,134,202].

Universal precautions for healthcare workers, such as
safer surgical techniques [70], trained surgeons and nurses
[44], and adoption of devices to prevent needlestick occur-
rences [8], as well as use of sterile disposables, instruments,
and equipment, can play an important role in reducing the
spread of HIV. In an analysis of the cost effectiveness of
screening surgeons in the United States for HIV, Owens
et al. [164] concluded that a better use of healthcare re-
sources would be the adoption of universal precautions in
surgical settings.

Some countries have restricted immigration and travel
by HIV-infected individuals [57,71,75], and potential quar-
antine of HIV-infected individuals has been discussed [10,
131]. In the mid-1980’s, Cuba quarantined persons with
confirmed positive HIV test results in a Havana sanato-
rium [174]. This policy drew charges of human rights vi-
olations, and was discontinued. Currently, most individuals
who are newly diagnosed with HIV infection in Cuba are
asked to enter a sanatorium for six months to a year to partic-
ipate in an intensive course that covers mental and physical
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hygiene and safe-sex practices [9]. Elsewhere, registration
of HIV-infected individuals has been proposed [60]. Lim-
ited analysis of such policies has been carried out [231,232].

AIDS policy models can play a role in planning care
and treatment for HIV-infected individuals. For example,
such models can be used by healthcare providers to help
choose affordable therapies and therapy strategies. Some
work has been done to analyze the cost effectiveness of
zidovudine monotherapy [170]. More recently, multi-drug
therapies for treating HIV-infected individuals have become
available [51,54,130,176], although little analysis of the cost
effectiveness of such therapies has been performed. AIDS
policy models have been developed to analyze the cost effec-
tiveness of preventing opportunistic infections in individuals
with AIDS [64,172,200]. Choosing effective and affordable
HIV therapies is a particularly critical issue in developing
countries, where the per capita budgets for health expendi-
tures are a fraction of the available budgets in industrialized
countries.

AIDS policy models have also been developed to inves-
tigate the effect of therapies on HIV transmission. Exam-
ples of AIDS policy models accounting for early therapy
with zidovudine monotherapy include [170,184,198]. The
effect of more advanced therapies on the spread of the epi-
demic has been analyzed [53,163,184,185]. Provision of
therapy for HIV-infected mothers or their offspring to re-
duce vertical HIV transmission has become an important is-
sue, particularly in developing countries [3-5,141,144,226].
Several analyses of the cost effectiveness of postexposure
prophylaxis following HIV exposure, especially for health-
care workers, have appeared [111,122,180,183]. Recent evi-
dence indicates that multi-drug therapy can lead to increased
prevalence of multi-drug-resistance HIV strains in the popu-
lation [42,223], so some researchers have developed models
to investigate the relationship between initiation of therapies
for individuals with HIV/AIDS and the emergence of drug-
resistant strains [17,219,225,229].

AIDS policy models can also be used by healthcare
providers to determine the resources they will need to
treat HIV-infected individuals. For example, Heidenberger
and Flessa [85] analyzed the resources needed for treating
HIV/AIDS cases at a major Tanzanian hospital. Rizakou
et al. [190] created a decision support tool for planning re-
sources for agencies that deliver care and treatment to indi-
viduals with HIV/AIDS. De Angelis [48] developed a model
for allocating resources to home healthcare services for in-
dividuals with HIV/AIDS for the City of Rome, Italy. The
demand for home healthcare services has increased as ad-
vanced therapies prolong the life expectancy of HIV-infected
individuals [54].

Clinical trials for HIV vaccines are currently underway,
with some progressing to final stages [65]. Although no
vaccine is yet available, researchers have developed models
to evaluate the potential effect of vaccination programs on
spread of the epidemic [53,163,181]. In developing coun-
tries, vaccination against HIV may be the only affordable
way to halt the epidemic.
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2.4. Affordability of interventions

The affordability of HIV interventions is a particularly crit-
ical issue in developing countries, and limits the types of
prevention and treatment programs that can realistically be
implemented. In regions such as sub-Saharan Africa, where
less than $10 per capita per year is spent on health, expensive
HIV interventions are an unrealistic option [153].

In the early course of the epidemic, when just monother-
apy was available, the lifetime cost of treating an HIV-
infected person from the time of infection until death was
estimated to be approximately $120,000 [88]. With dual
therapy, the lifetime costs for treating individuals with
HIV/AIDS decreased by about 20% [68]; compared to
monotherapy, drug costs increased and treatment costs de-
creased. With the introduction of triple therapy, drug costs
increased sharply [49], but treatment costs decreased signif-
icantly [28,127-129,152]. Triple therapy has increased the
life expectancy of individuals with HIV/AIDS and thus the
time span during which these individuals can infect others,
leading some researchers to observe that triple therapy could
lead to a sharp increase in total costs [95]. Rauner [185,186]
calculated that the total costs of the HIV epidemic in Vienna,
Austria, from 1996 to 2005 would slightly increase com-
pared to monotherapy in the case of long-term effectiveness
of triple therapy and sustained success of prevention pro-
grams.

Large-scale antiretroviral drug treatment is not affordable
in most developing countries [153]. The total cost of provid-
ing triple therapy to HIV-infected individuals in 169 coun-
tries throughout the world is estimated to be more than $65.8
billion, or $11 per capita [92]. This represents 0.2% of the
1995 world Gross National Product (GNP). In East Africa,
Central Africa, West Africa, and sub-Saharan Africa, more
than 12% of the GNP would be required to provide triple
therapy for individuals with HIV/AIDS. As an alternative,
the World Health Organization and the United Nations AIDS
Program recently recommended that the 23 million Africans
infected with HIV be given regular doses of cotrimoxazole,
a common and inexpensive antibiotic, to avert the secondary
infections associated with AIDS [104].

Zidovudine therapy for HIV-infected pregnant women
lowers vertical transmission risk by approximately 70% [29].
Since 1994, the United States Public Health Service has rec-
ommended routine voluntary prenatal HIV testing, and zi-
dovudine therapy for HIV-infected pregnant women [133].
This strategy resulted in a 67% decline in perinatal AIDS
cases in the United States from 1992 to 1997. Advanced
therapies, avoidance of breastfeeding, and safe birth tech-
niques have lowered the vertical HIV transmission risk to
2% in industrialized countries [12,29]. For developing coun-
tries, even short-course zidovudine treatment and advice to
HIV-infected women to not breastfeed their infants has been
found to be cost effective, feasible, and ethical [13,139,222].
As another example, a single-dose of nevirapine adminis-
tered to mothers and babies just before and soon after birth
was estimated to have a major potential impact on reducing
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vertical HIV transmission and a reasonable cost compared to
other drug treatments [140].

HIV testing costs also burden the budgets of developing
countries. Pooled serum testing is a cost-effective alternative
for establishing baseline seroprevalence of HIV infection for
public health programs, where the cost of testing each indi-
vidual serum sample is prohibitive [11]. Meda et al. [148] re-
ported that serodiagnosis of HIV in Burkina Faso was possi-
ble with reliable, less-expensive strategies that do not require
expensive Western blot testing.

2.5. Effectiveness of interventions

The development of a useful AIDS policy model requires
knowledge of or assumptions about the effectiveness of the
intervention. Appropriate and accurate measures of inter-
vention effectiveness are essential in order to develop pol-
icy models that will lead to good decisions. For example,
a model that assumes that reductions in risky behavior are
linearly related to funds expended on a counseling and test-
ing program may overstate the cost effectiveness of such a
program if in fact behavior change is a diminishing function
of incremental investment in the program.

For non-behavioral interventions, effectiveness might be
measured in terms of reduced infectiousness, increased
length of life, or reduced severity of symptoms. For behav-
ioral interventions, effectiveness is likely to be measured in
terms of reduced transmission risk. Intervention effective-
ness may depend on the amount of money invested in the
intervention and the target population, and may change over
time (for example, individuals who reduce their risky behav-
ior in response to an HIV risk-reduction program may later
relapse partially or completely to their initial risky behavior).

Much research has been done to analyze the effective-
ness of non-behavioral HIV interventions. Drug therapies
can prolong the lives of HIV-infected individuals, reduce
the severity of the disease, and reduce the infectiousness of
treated individuals [149]. However, if the drugs are not taken
correctly, drug-resistant HIV strains can develop in treated
individuals [43] and can potentially spread to a significant
portion of the population [225]. Thus, general guidelines
have been developed to optimize the effectiveness of thera-
pies for different types of individuals, such as newborns and
small children [35], pregnant women [37], adults and ado-
lescents [34], individuals with AIDS [212], and healthcare
workers who have been exposed to HIV [36]. Researchers
have developed AIDS policy models to determine the ap-
propriate antiviral drug regimen for HIV-infected individ-
uals [17,219,225,229]. Blower et al. [17] investigated dif-
ferent scenarios for the duration of the effectiveness of ad-
vanced therapy in a gay community in San Francisco. They
concluded that the effectiveness of therapy was particularly
dependent on the infectiousness and risk behavior of HIV-
infected individuals.

Some AIDS policy models have been set up to analyze
the effects of potential HIV vaccines [53,163,181]. Porco
and Blower [181] developed a mathematical model to assess
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vaccine programs for controlling two subtypes of HIV. Such
analysis is especially useful for developing countries where
different HIV subtypes are present. Edwards et al. [53] var-
ied both the efficacy and duration of HIV vaccines to analyze
potential benefits.

In order to develop a useful policy model for evaluating
a behavioral intervention, it is essential to know about the
effectiveness of the intervention in changing the risk behav-
ior of those whom the intervention targets. The effectiveness
of the intervention may depend on how much money is in-
vested in it. It is possible, for example, that when only a
small amount of money is spent on a behavioral interven-
tion, very limited behavior change will occur; when more
is spent on the intervention, increasingly greater behavior
change will occur; but beyond a certain level of expenditure,
no more behavior change will occur. Some researchers have
developed production functions to characterize the relation-
ship between the amount of resources invested in an inter-
vention and the level of change in risky behavior [67,187]
or to characterize the relationship between the amount of re-
sources invested in an intervention and the number of HIV
infections averted [108,114,115,121].

Certain individuals may be more likely than others to
change their behavior. For example, a survey of adult sexual
behavior in the United States found that highest-risk indi-
viduals showed the greatest propensity to change their risky
behavior [58]. As another example, a meta-analysis of stud-
ies of sexual behavior concluded that HIV counseling and
testing was an effective means of inducing HIV-infected in-
dividuals to reduce their propensity to transmit the disease,
but was ineffective in inducing uninfected individuals to re-
duce their risk of becoming infected [220].

A behavioral intervention may induce behavior change
that lasts only for a limited period [1,33,191,207], or may
induce long-term behavior change [124]. A review of be-
havioral interventions aimed at changing HIV risk behav-
ior found that only about 40% of the reviewed studies pro-
duced long-term or short-term behavior change [40]. Some
AIDS policy models have dealt with the issue of the long-
term effectiveness of behavioral interventions. For example,
Owens et al. [162] analyzed the impact of women’s relapse
to high-risk sexual and needle-sharing behavior on the costs
and benefits of a voluntary HIV screening program targeted
to women of childbearing age. They concluded that the ef-
fect of relapse to high-risk behaviors on screening program
costs and benefits could be substantial. Rowley and Ander-
son [194] found that the faster the spread of the epidemic
is, the shorter is the time period over which the impact of
limited-term behavioral changes is experienced. These find-
ings support the need for including the possibility of behav-
ioral relapse in models that evaluate behavioral HIV inter-
ventions, and for developing behavioral interventions that
produce sustained reductions in risk behavior [162].

Interventions may have different effectiveness at differ-
ent points in the epidemic life cycle or at different points in
the course of infection within an individual. For example,
Paltiel [173] investigated the cost effectiveness of HIV pre-
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vention and treatment interventions at different points during
the epidemic life cycle. The analysis suggested that, early in
the epidemic, behavioral interventions targeted to infected
individuals are the most cost effective; then for some years
a combination of interventions targeted to both infected and
uninfected individuals is best; and then late in the epidemic
life cycle, behavioral interventions targeted to uninfected in-
dividuals are the most cost effective. As another example, in
an analysis of the cost effectiveness of HIV testing programs
for the population of Vienna, Austria, Rauner [184] varied
the sensitivity and the specificity of different test types ac-
cording to the HIV infection stage of tested individuals.

HIV interventions may also influence each other. For ex-
ample, individuals found by HIV screening to be HIV in-
fected may be given antiviral therapy. As another example,
HIV testing and counseling programs are often combined
with partner notification programs. These cross-intervention
effects may be important to include in certain AIDS policy
models.

2.6. Time horizon and type of policy model

The goal of AIDS policy modeling is not to provide an exact
valuation of program costs and benefits but, rather, to help
in determining the appropriate policy decision. The type of
model that is most appropriate for evaluating an HIV inter-
vention depends on factors such as the intervention being
evaluated, the time horizon of the intervention’s effects, the
population group(s) affected by the intervention and the dy-
namics of the HIV epidemic in those population groups, and
the degree of uncertainty that exists regarding the effects of
the intervention and dynamics of the epidemic. Like other
types of policy models, an AIDS policy model must strike
the proper balance between simplicity and tractability ver-
sus realism [208].

Sometimes comprehensive, detailed analysis is not nec-
essary to assess the likely worth of an intervention. In that
case, a very simple policy model can be developed. Such
models can be constructed (and used) quickly, have modest
data requirements, and are easy for policy makers to under-
stand [21,23]. For example, Owens and Nease [165] devel-
oped a simple decision-analytic model to estimate the occu-
pational risk of HIV infection among health care workers.
They found that the HIV transmission risk was comparable
to other risks that health care workers have faced knowingly
and have accepted in the recent past. However, the loss of
quality-adjusted life expectancy associated with a needle-
stick exposure was significant. Postma et al. [182] assessed
the cost effectiveness of universal, voluntary HIV screen-
ing of pregnant women in England. Using a simple staged-
progression disease model, they showed that such screening
would be cost effective in the London area, and could be cost
effective in other areas of England depending on local HIV
prevalence and screening costs.

Sometimes models are needed that can capture dynamic
epidemic effects, complex dependencies between popula-
tion groups and interventions, and intervention effects over
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a long time horizon [23]. Much effort has gone into devel-
oping mathematical and statistical models of the spread of
HIV [6,7,100,145,201]. Many of these are complex mod-
els aimed at predicting the natural history of the epidemic.
Such models can be used, either as is or in a simplified form,
as part of an AIDS policy model [123]. For example, Wein
et al. [219] developed a dynamic optimization model to de-
termine the best multi-drug therapy for an individual over
time. This model considers multiple virus strains, mutations
from one strain to another, and different efficacies for each
drug against each virus strain, thus allowing analysis of com-
plex drug—virus interactions.

To capture dynamic effects, compartmental epidemic
models are often used as part of an AIDS policy model
(e.g., [24,27,53,120,184]). These models can be set up to
distinguish only broad population groups (e.g., [120]) or to
distinguish population subgroups such as core transmitter
groups (e.g., [18]). An alternative approach, network-based
modeling, examines disease transmission through social net-
works by considering how individuals form and break so-
cial connections within a network [125,150]. A network-
based model may be appropriate when HIV transmission is
strongly influenced by social networks among individuals
targeted by an intervention. For example, studies in a num-
ber of cities in the United States have identified large social
networks of IDUs [46,66,91,157,158,209]. Network-based
models may be more realistic than compartmental epidemic
models, but they require significantly more data about indi-
vidual behavior and the likelihood of HIV transmission from
a risky encounter.

In cases when the effects of an intervention, dynamic
effects, or other factors are highly uncertain, the develop-
ment of a stochastic AIDS policy model may be desirable.
For example, in their model of multi-drug therapies, Wein
et al. [219] included stochastic virus mutation to reflect the
highly uncertain nature of HIV propagation within an in-
dividual. Blower et al. [17] coupled their model of HIV
transmission in the San Francisco gay community with a
sophisticated statistical approach that enabled inclusion of
a high degree of uncertainty regarding the potential effects
of advanced therapy, changes in risky behavior, and rate of
emergence of drug resistance. Stochastic models reflect the
role of uncertainty in disease spread and intervention effects,
and provide confidence intervals on results, but are usually
harder to analyze than the corresponding deterministic mod-
els [89]. Stochastic models are often solved using approxi-
mations [192,193] or evaluated using simulation [219]. An
alternative approach, when the development of a stochastic
model is not deemed feasible, is the use of sensitivity analy-
sis to determine the effect on policy conclusions of assump-
tions regarding uncertain parameters. However, additional
modeling uncertainties may remain. Manning et al. [138]
discuss ways of dealing with uncertainties regarding para-
meter, modeling, model structure, and model process in pol-
icy models.

Dynamic and stochastic models often require a signifi-
cant amount of data and, because of their complexity, may be
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harder to understand and validate than simple models [23].
For a discussion of more sophisticated AIDS policy model-
ing approaches, see [21,23,86,109,184].

Selecting the appropriate time horizon for an AIDS policy
model is important. The time horizon must be sufficiently
long to avoid overstating a program’s benefits and to avoid
understating its downstream costs [178]. For example, Ed-
wards et al. [53] examined the cost and benefits of preventive
HIV vaccines using a dynamic HIV transmission model with
a 20-year time horizon. A 20-year time horizon was used to
account for the period of time during which the vaccine con-
fers protection against infection. Paltiel and Kaplan [171]
found that some effects last more than 20 years and con-
tribute significantly to costs and benefits for approximately
100 years. However, the use of too long a time horizon
may overestimate the lasting effect of a prevention program
and may ignore the possibilities of changes in the epidemic,
new treatment options, or behavior changes among the target
groups [22].

2.7. Type of economic analysis

Program managers and policy makers need to understand the
costs and benefits of various interventions when planning
and evaluating HIV prevention and treatment programs [96].
Economic analysis can be used to assess many of the likely
costs and benefits of such programs.

Economic evaluations of HIV interventions usually em-
ploy cost-benefit analysis (CBA), cost-effectiveness analy-
sis (CEA), or cost-utility analysis (CUA) [177]. These ap-
proaches compare the total costs of an intervention with its
resulting outcomes. CBA assigns monetary values to out-
comes such as a human life saved. Because making such
valuations is difficult, CBA is controversial. However, CBA
allows policy makers to compare projects in different gov-
ernment sectors such as public health (e.g., HIV preven-
tion programs) and public education (e.g., school renovation
projects) [84]. CEA and the CUA do not assign a mone-
tary value to outcomes. CEA considers only the quantity of
life (e.g., life years lived), while CUA also considers the im-
pact of interventions on the quality of life [177]. CUA uses
quality-adjusted life years as a main outcome measure.

The Panel on Cost Effectiveness in Health and Medi-
cine recommends that CUA be used as the standard tool
for economic analysis of health-related interventions, that
the analysis take a societal perspective, and that costs and
benefits be discounted at the same rate [77]. Phillips and
Holtgrave [178] argue that if an economic analysis is from
the societal perspective, external costs and benefits of the
interventions can be significant. For example, analyses of
methadone maintenance programs have shown that such pro-
grams not only benefit the methadone clients themselves, but
also benefit society at large through reduced HIV transmis-
sion and through reduced burdens on the criminal justice and
welfare systems [14,73,82,83,137,199,224,228]. Programs
aimed at slowing the spread of HIV may also slow the spread
of other STDs [50]. For a comprehensive discussion of CEA
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and recommendations for its application in health and medi-
cine see [77,197,204,221]. Recommendations for economic
analysis particularly relevant to HIV prevention can be found
in [177].

Outcomes can be classified as monetary or non-monetary
[86,184]. Monetary outcomes are the direct and indirect
monetary costs and benefits of the intervention [86,184]. Di-
rect monetary costs include those directly associated with an
intervention, such as the cost of the intervention itself and
resulting changes in health care costs for the affected pop-
ulation. Indirect costs are those associated with lost or im-
paired ability to work or to engage in leisure activities due
to morbidity and lost economic productivity due to mortal-
ity [135].

Non-monetary outcomes can be classified as biological,
behavioral, or psychological [143]. Biological outcome
measures include HIV and AIDS incidence and prevalence,
the number of cumulative HIV and AIDS cases in a given pe-
riod, the number of AIDS deaths, and the number of averted
HIV infections [86,184]. Other commonly employed bio-
logical outcome measures are gains in the number of lives,
life-years (LYs), disability-adjusted life-years (DALYs), and
quality-adjusted life-years (QALYs) [79]. DALYs gained
from the interventions are the sum of the years of life
saved weighted to reflect both quality of life and the so-
cioeconomic value of each life year [141]. Healthy-years
equivalents (HYEs) have been suggested as an alternative to
QALYs [76]. The HYE approach uses utility functions to
account for an individual’s time preference for health [189].

Martin and Coyle [143] distinguish two types of behav-
ioral outcomes: primary and complementary prevention be-
haviors. Primary prevention behaviors include risk behav-
iors among those whom an intervention targets. Comple-
mentary prevention behaviors are those indirectly related to
the intervention. They include, for example, the number of
people enrolled in drug treatment programs, the number of
visits to family planning services, and the number of people
who undergo HIV testing and counseling.

Psychological outcomes include awareness of HIV and
AIDS, knowledge of HIV transmission modes, and stigma-
tization of persons with HIV infection and AIDS. Such out-
comes can play a key role in whether the target population
of a prevention program reduces risky behaviors [143].

General frameworks exist for choosing cost-effective
health-care interventions. Interventions commonly accepted
as cost effective in industrialized countries usually cost
between $10,000 and $150,000 per life-year saved [160],
whereas in developing countries the cost-effectiveness
threshold is much lower. The choice of a cost-effectiveness
threshold depends on the policy makers, the purpose of the
analysis, the valuation of health, money, and risk by pol-
icy makers, and the availability of resources [161]. For re-
cent reviews of economic evaluations of HIV interventions,
see [211].

Recently, the issue of optimal allocation of resources
among HIV prevention programs has been discussed [21,22,
108,115,121]. Friedrich and Brandeau [67] suggested rules
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of thumb for decision makers to determine the optimal level
of investment in a single HIV prevention program targeted to
a single population. Other researchers have considered the
problem of allocating HIV prevention resources across pop-
ulations and prevention programs [108,115,121,187,227].
The optimal allocation depends on factors such as the rel-
ative size of the target groups, the initial infection preva-
lence and incidence in each target group, and the produc-
tion functions that relate expenditures on prevention with
changes in risky behavior or HIV infections averted. The
model of Zaric and Brandeau [227] allows for the possibil-
ity that HIV interventions may interact with one another: for
example, a television advertising campaign aimed at one tar-
get group may also lead to behavior change in other pop-
ulation groups. These approaches are more comprehensive
than simply choosing prevention programs according to a
cost-effectiveness threshold that might not lead to a good al-
location of scarce resources.

3. Conclusions and directions for further research

The AIDS pandemic continues to grow, with no end in sight.
Resources for preventing the spread of HIV and for treat-
ing infected individuals are limited, particularly in develop-
ing countries. Thus, it is important to make the best use of
available HIV prevention and treatment resources in differ-
ent geographic areas and settings. Although decisions about
HIV/AIDS interventions are based on many factors, not just
considerations of intervention cost and effectiveness, AIDS
policy models can play an important role in the development
of sound HIV/AIDS policies. This paper has discussed the
types of decisions that AIDS policy models can impact. We
have discussed key issues that are relevant to developing use-
ful AIDS policy models, and we have provided an overview
of the most important types of HIV/AIDS interventions, with
reference to a number of policy models that have been devel-
oped to assess these interventions.

Many challenges in AIDS policy making — and thus AIDS
policy modeling — remain. The importance of various HIV
interventions and target groups have changed over time and
will likely to continue to change in the future. At the begin-
ning of the epidemic, decision makers focused on HIV pre-
vention programs and HIV testing policies. Key risk groups
included gay men and then later commercial sex workers
and IDUs. In recent years, the HIV epidemic has increas-
ingly spread to heterosexuals. In developing countries, the
overwhelming majority of HIV cases occur among hetero-
sexuals or their offspring. Thus, prevention programs aimed
at these groups, including women of childbearing age and
their children, have increasingly gained relevancy for pol-
icy makers. However, interventions targeted to gay men and
IDUs continue to be important, particularly in regions of the
world outside of Africa, because a number of studies have
documented relapse to risky behavior after an HIV interven-
tion, and because many heterosexuals are infected by sexual
contacts with IDUs.
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As better therapies have become available, decisions re-
garding treatment options for individuals with HIV and
AIDS have become important. Advanced therapies have
been shown to prolong the lives of HIV-infected individ-
uals, but are costly and may lead to the development and
transmission of drug-resistant strains of HIV. In developing
countries, large-scale antiretroviral therapy is not affordable.
In such countries, short regimens of antiretroviral drugs (for
example, to HIV-infected pregnant women) or the adminis-
tration of inexpensive antibiotics to HIV-infected individuals
may be the only affordable treatment options. The develop-
ment of a potential HIV vaccine, which currently appears to
be the most promising way to control the HIV epidemic in
developing countries, will lead to important policy decisions
such as the fraction of health care budgets to spend on vacci-
nation programs, and the selection and timing of population
groups to vaccinate.

Policy modeling does not serve its purpose unless the re-
sults of such analyses are taken into consideration by de-
cision makers. Thus, AIDS policy modelers must work to
understand how modeling approaches, analyses, and presen-
tation of findings relate to model use by those faced with
important decisions [110], and must develop approaches by
which the results of policy models can be incorporated into
the policy making process [169].
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