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Abstract

As funding mechanisms like the Global Fund for HIV/AIDS, Tuberculosis and Malaria increasingly make funding decisions
on the basis of burden of disease estimates and financial need calculations, the importance of reliable and comparable estimating
methods is growing. This paper presents a model for estimating HIV/AIDS health care resource needs in low- and middle-income
countries. The model presented was the basis for the United Nations’ call for US$ 9.2 billion to address HIV/AIDS in developing
countries by 2005 with US$ 4.4 billion to address HIV/AIDS health care and the rest to deal with HIV/AIDS prevention. The
model has since been updated and extended to produce estimates for 2007. This paper details the methods and assumptions used
to estimate HIV/AIDS health care financial needs and it discusses the limitations and data needs for this model.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

The United Nations General Assembly Special Ses-
sion on HIV/AIDS (UNGASS) committed member
nations to reverse global HIV/AIDS trends through
the achievement of specified goals by the years 2005
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and 2010[1]. Two models were developed to estimate
the financial resources required to reach these goals
in 135 low-income and middle-income countries in
the year 2005[2]. One model focused on the costs
of HIV/AIDS prevention programmes while the other
addressed the costs of HIV/AIDS health care services.
The two models attempted to answer the question “if
financial constraints in developing countries were re-
laxed, what is the total amount of resources that would
be required to provide HIV/AIDS-related prevention
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and health care services in the year 2005 given exist-
ing country health and education infrastructures?” The
methodology presented here is that used to derive the
revised estimates produced for UNAIDS in late 2002
which is largely the same as that used for the deriva-
tion of the UNGASS estimates.

During 2001, another model was developed as back-
ground for the Commission on Macroeconomics and
Health (CMH)[3]. It estimated the resources needed
to scale up a package of core interventions to address
HIV/AIDS and other priority illnesses in 83 low- and
middle-income countries (including all of sub-Saharan
Africa) by the years 2007 and 2015. The model sought
to answer a slightly different question: “if financial
and infrastructure constraints in poor countries were
relaxed, what is the range of resources that would be
required in addition to what is currently being spent
in order to provide target coverage rates of prevention
and health care services for selected priority illnesses
including HIV/AIDS?”

As has been detailed elsewhere, the UNGASS
models estimated that annual expenditure of US$ 9.2
billion on HIV/AIDS prevention and health care inter-
ventions in low- and middle-income countries will be
needed by the year 2005[2]. This compares to an esti-
mated expenditure on HIV/AIDS of US$ 1.8 billion in
the year 2000. According to the CMH model, annual
expenditure on HIV/AIDS prevention and health care
interventions in selected developing countries should
increase by between US$ 13.6 billion and US$ 15.4
billion by the year 2007 and by between US$ 20.6
billion and US$ 24.9 billion by the year 2015[3].

The ranges of these results underline the fact that
these are estimates with limitations and they should be
interpreted with caution. These limitations notwith-
standing, the results of the UNGASS and CMH
models have provided international policy makers
with estimates that have been central to international
HIV/AIDS advocacy and resource mobilization dis-
cussions during the last two years. During the 2002
International AIDS Conference, numerous calls were
made for an annual expenditure of US$ 10 billion
for HIV/AIDS prevention and health care services in
developing countries based on the results of the UN-
GASS and CMH models[4–7]. Similarly, the Global
Fund to Fight AIDS, Tuberculosis and Malaria used
the UNGASS and CMH model results to inform its
first round of resource allocation decisions[8].

To date, however, these estimates have had only
a limited role in informing resource mobilization
and resource allocation decisions within low and
middle-income countries. All researchers involved in
the construction of these models recognized that it
would be inappropriate to use their results as tools for
country-level strategic planning and country-specific
resource mobilization without additional country-level
work to improve the estimates. Although costs for
selected HIV/AIDS prevention and health care inter-
ventions were modelled on a country-specific basis in
these models, data limitations on intervention costs,
current coverage of interventions and capacity of
countries to scale up HIV/AIDS interventions meant
that many assumptions had to be made regionally or
sub-regionally. For example, cost data used in the
UNGASS model were derived based on cost studies
conducted in sub-Saharan Africa as well as estimates
provided by country representatives from Latin Amer-
ica and the Caribbean. Country-specific unit costs
were then extrapolated by differentiating portions of
prices that remain constant across countries and those
that depend on purchasing power within a country.
However, ideally, unit costs based on cost studies con-
ducted in countries would be used in the estimations.

Better estimates and projections of costs for
HIV/AIDS health care are becoming more important
to country-level strategic planning and resource mo-
bilization given the increasing pressure within and
on low- and middle-income countries to provide im-
proved health care to people living with HIV/AIDS
including antiretroviral treatment. This paper presents
the methodology used to derive the revised estimates
prepared for UNAIDS in late 2002 which is very
similar to that used for the UNGASS estimates. It is
hoped that researchers in countries will run the model
to produce more accurate estimates on HIV/AIDS
health care resource needs in their country. Re-
searchers using the model can either use the method-
ology to calculate national level estimates or else use
it to compute state-level estimates first and then use
those to derive country-wide estimates. In either case,
these revised estimates can serve to inform political
discussions and decisions on HIV/AIDS health care
within developing countries leading to strengthened
country-level responses to the epidemic as well as
eventually providing more accurate global resource
needs estimates for HIV/AIDS health care.
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2. Methods

In order to estimate financial needs for health care
in an expanded response to HIV/AIDS in low- and
middle-income countries, a series of assumptions and
definitions had to be made. These included identi-
fying which countries to include in the modelling
exercise; selecting the interventions to be included;
deriving country-specific estimates and projections
of people in need of health care; estimating coverage
levels of activities over time in each country; calcu-
lating country-specific unit costs for the activities;
and approximating total resource needs and country
capacity to pay. The methods and assumptions for
each of these are described below.

2.1. Countries

Though only global and regional estimates have
been published[2], these estimates were derived
by summing up resource needs estimates calcu-
lated for individual countries. The model included
all countries with gross national income (GNI) per
capita below US$ 9265 (categorized as low-income,
low-middle-income and upper-middle-income in the
2000 World Development Report)[9]. Countries with
small populations for which there were no estimates
of HIV prevalence could not be included in the analy-
ses. The countries were then organized in six regional
categories: sub-Saharan Africa; South and Southeast
Asia; East Asia and the Pacific; Latin America and
the Caribbean; Eastern Europe and Central Asia; and

Table 1
Categories of HIV health care activities

Categories of HIV health care activities Description of activities

Palliative care The care and support provided to those people nearing death with the
intention of improving their quality of life

Diagnostic HIV testing HIV testing conducted specifically for HIV diagnosis

Treatment of opportunistic infections All of the medications and medical care consumed in the treatment of
HIV-related disease, including opportunistic infections and malignancies

Prophylaxis for the prevention of opportunistic infections Two drugs: isoniazid, effective in preventing reactivation of latent TB,
and cotrimoxazole, effective in protecting against the pathogens
responsible for pneumonia, diarrhoea and their complications

Drug costs and lab monitoring for HAART HAART is a combination of three anti-retroviral drugs that represents
the highest standard of treatment for HIV infection at this time

North Africa and the Middle East, as per UNAIDS
practice.

2.2. Interventions

The key elements essential to a strong response in
HIV/AIDS health care are now well recognized and
the interventions included in the model and listed in
Table 1are based on WHO and UNAIDS recommen-
dations[10].

Diagnostic HIV testingrefers to the testing of symp-
tomatic patients to improve the quality of care whether
it be treatment of opportunistic infections, prophylaxis
for the prevention of opportunistic infections or highly
active antiretroviral therapy (HAART)[11]. Palliative
care is the care and support provided to those peo-
ple nearing death with the intention of improving their
quality of life, excluding treatment of infections or ma-
lignancies.Treatment of opportunistic infectionsrefers
to all of the medications and medical care consumed in
the treatment of HIV-related disease, including treat-
ment for opportunistic infections and malignancies.
Prophylaxis for the prevention of opportunistic infec-
tions refers to the cost of providing two drugs: isoni-
azid, effective in preventing reactivation of latent TB,
and cotrimoxazole, effective in protecting against the
pathogens responsible for pneumonia, diarrhoea and
their complications.HAARTis a combination of three
anti-retroviral drugs. It is the highest standard of treat-
ment for HIV infection at this time and includes the in-
tensive laboratory monitoring required for all HAART
patients.
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It should be noted that a number of interven-
tions identified as key elements in HIV care were
not included in the model[10]. Activities included
under psychosocial support, nutritional support and
home and community based care were not in-
cluded given the very limited cost data available
for these programs. This means that the estimates
derived using this methodology underestimate the
total resources needed for HIV/AIDS care. Also
not included because they were incorporated in the
modelling of HIV prevention costs were activities
sometimes categorized as care activities such as vol-
untary counselling and testing (VCT), prevention of
mother-to-child transmission (MTCT), and care for
sexually transmitted infections (STI). In addition,
social support programs such as orphanage care,
orphan living assistance and orphan school fee assis-
tance to support those affected by HIV/AIDS were
calculated separately and are not described in this
paper.

2.3. People needing health care with access to
health care services

2.3.1. Estimating those in need of health care
The starting point for estimating the number of peo-

ple needing health care was a set of country-specific
HIV/AIDS epidemiologic models produced by UN-
AIDS and WHO [12,13]. The data, methods and
assumptions underlying these models have been de-
scribed in detail elsewhere[14,15]. These models
use prevalence data over time and assumptions about
the survival function from HIV infection to death
to produce estimates of prevalence, incidence and
mortality. The models can also be used to produce
estimates of people who are one, two or more years
away from death, thereby providing an estimate of
the number of people who are in need of health
care at different points in their progression from ini-
tial HIV infection. For the baseline year, the people
requiring HIV/AIDS health care were estimated to
be those people who were projected to die in the
next two years. We assumed that persons in their
last two years of life would correspond roughly to
persons with CD-4 counts between 200 and 300
based on average survival with AIDS in industrial-
ized countries in the absence of antiretroviral therapy
[16–18].

2.3.2. Defining access to health care
It is known that only a fraction of all of the peo-

ple requiring health care in most low- and middle-
income countries actually have access to health
services. Unfortunately, coverage rates for the various
HIV/AIDS-related services are not known for most
countries. In fact, for most countries, even reliable
data on population access to general health services
are not available. A proxy composite access indicator
was therefore derived for each country using WHO
data. This composite indicator was the simple me-
dian of four health service coverage indicators: the
percent of the population in need covered by (1) di-
rectly observed therapy for tuberculosis (DOTS)[19],
(2) the final immunization dose to prevent diphthe-
ria, pertussis and tetanuss (DPT3)[20], (3) prenatal
care and (4) attended births[21]. When an indicator
was missing for a given country, that indicator was
excluded and the median calculated on the basis of
the remaining indicators. These indicators all refer
to basic primary health care interventions that do not
require highly trained personnel, laboratory support
or extensive infrastructure. As a result it was assumed
that coverage for palliative care, which requires a
similar level of support, could be estimated using this
indicator. While this is clearly a crude estimate at the
level of any particular country, it was felt to be a rea-
sonable approximation at the aggregate, at least until
country-specific estimates could be obtained[9].

Access to health care services was modelled as a
cascade which assumes that some health care services
are easier to provide and require less sophisticated in-
frastructure than other services.Palliative careis the
service that is easiest to provide and health facilities
are able to provide access to this type of health care to
people needing care even if they are unable to provide
them with OI treatment, OI prophylaxis, or HAART.
However, it is not realistic to assume that countries
provide access toHAARTto populations to whom they
are unable to provideOI prophylaxis, OI treatment,
diagnostic HIV testingor palliative care. Thus, cov-
erage is assumed to fall as one goes down the cascade
from less sophisticated to more sophisticated services.

Coverage levels fordiagnostic HIV testing, OI
prophylaxis, andHAARTwere drawn from the 2001
WHO coverage survey[22]. For countries for which
data were not available coverage levels were imputed
using the same WHO survey. The imputation was done
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Table 2
Estimates of people needing health care in 2001 (base year) with access (%)

People needing care with access to palliative care Access to health care indicator: Median of coverage ofprenatal care,
DOTS detection, attended birthsand DPTa

Symptomatic HIV+ tested HIV+ WHO 2001 coverage surveyb or imputed
People needing care with access to OI treatment (Access to health care)c

People needing care with access to OI prophylaxis WHO 2001 coverage survey or imputed
People needing care with access to HAART WHO 2001 coverage survey or imputed

a DPT coverage was regressed against per-capita GNP. The percent difference between the predicted and observed DPT coverage for
each country were then used to adjust the expected growth rate for coverage of HIV/AIDS care. In other words, if a country had been
able to scale up DPT coverage to 90% of that predicted for its GNP, then the expected GNP growth rate was also lowered by 10%[20].

b See[22].
c See[19–21].

using the Stataimputecommand which uses best sub-
set regressions to impute missing variables[22,23].
The variables included as independent variables for the
imputation included the other coverage variables in the
survey. Access totreatment of OIswas estimated as a
non-fixed percent of access topalliative care. We did
not assume a fixed percent because as health systems
become more sophisticated, the difference in coverage
between palliative and OI care decreases (consider a
country like Switzerland, for example, where the dif-
ference between the two is reduced to almost zero).
Thus, the difference was modelled with an exponen-
tial function (assuming that coverage fortreatment of
OIs is the square of the basic health access indica-
tor) such that the difference approaches zero as the
assumed coverage of palliative care approaches one.
These coverage indicators are summarized inTable 2.

Palliative coverage (%) 10 20 30 40 50 60 70 80 90 100
Ol Tx Coverage (%) 1 4 9 16 25 36 49 64 81 100

2.4. Coverage of HIV/AIDS health care services

One of the key assumptions underlying the model
is that changes in health system infrastructure occur
slowly over time. The model estimates resource needs
for services that could be provided with the currently
existing health systems infrastructure given predeter-
mined annual growth rates. Because no data exist on
annual growth rates for HIV/AIDS services or even
for health systems in general, annual growth rates had
to be estimated.

We estimated growth rates in coverage for each
country using per-capita gross domestic product

(GDP), previous success in increasing coverage for es-
sential vaccines, and burden of HIV/AIDS.Per-capita
GDP was assumed to adjust for differences in gen-
eral health system infrastructure. In other words, a
wealthier country with a sophisticated health system
can strengthen its provision of HIV health care more
quickly than a poorer country with a rudimentary
health system. We also sought to capture countries’
previous experience in dramatically increasing cover-
age for a health service. Increase incoverage for DPT
vaccinationwas used since that is the only example
we are aware of where countries almost universally
sought to implement a health intervention at a large
scale at approximately the same time and for which
longitudinal coverage data are available. A large pro-
portion of the differences in the ability of countries
to scale up DPT vaccination is explained by their

relative wealth (GDP per capita). Since the model al-
ready explicitly considers relative wealth, the DPT
coverage unexplained by per-capita GDP was used as
an adjustor.1

1 DPT coverage was regressed against per-capita GNP. The per-
cent difference between the predicted and observed DPT coverage
for each country were then used to adjust the expected growth
rate for coverage of HIV/AIDS care. In other words, if a country
had been able to scale up DPT coverage to 90% of that predicted
for its GNP, then the expected GNP growth rate was also lowered
by 10% [20].



194 S. Bertozzi et al. / Health Policy 69 (2004) 189–200

Burden of HIVas measured by HIV prevalence was
used to correct for the difference in scaling-up cover-
age for HIV/AIDS health care in countries where the
percent of the population infected with HIV is low
(e.g. 1% prevalence) compared to countries where
the percent of the population is high (e.g. 25% preva-
lence). We assumed that achieving a 10% increase in
coverage of HIV/AIDS health care services is more
difficult in countries with high HIV prevalence be-
cause 10% of HIV/AIDS represents a larger proportion
of all health services in higher prevalence countries.
To take this factor into account, the maximum growth
rate was lowered by the complement of the HIV
prevalence.

The baseline parameter estimates for maximum an-
nual growth rates are the most uncertain parameters
in the model. The model assumed that the poorest
countries could grow up to 10% and the richest coun-
tries could grow up to 20% with growth in countries
between these two extremes adjusted linearly by pur-
chasing power parity adjusted per-capita GDP (PPP).
The 10 and 20% figures are based on informal con-
sultation with health systems experts and the early
experiences of a limited number of countries . As
more countries start the scaling-up process it will be
possible to calibrate the model based on empirical
data. We linearly adjusted the resulting (10–20%)
growth rate using the gap between the current vac-
cination coverage rate and the expected vaccination
rate based on PPP, and HIV prevalence. Growth
rates were expressed as theproportion of unmet need
newly covered in one year. Thus, a 20% growth rate
implies an increase from 10% coverage to 28% in
1 year (i.e. the 10% baseline plus 20% of the re-
maining 80%) or from 80 to 84%. This formulation
takes into account the fact that it is progressively
more difficult to achieve coverage of the population
as coverage increases since initial expansion of cov-
erage occurs among patients who have better access,
are better informed and more likely to be demanding
services.

Using the UNAIDS and WHO models mentioned
above, we calculated the number of people needing
care with access to health care in yearY as the sum of
people with access that newly need health care in year
Y plus the people who received health care inY − 1
and survived. The annual growth rate in access was
applied to the proportion of people needing health care

who did not have access in the previous year, thus:

AY = AY−1 + (1 − AY−1) × G

whereAY is the proportion of people needing health
care in yearY who have access to health care andG
is the annual growth rate.

We assumed that each year, the number of people
receiving each service—excluding HAART (pallia-
tive care, the number of people knowing their HIV
status, and the number of people receiving treatment
for OI) was equal to the number of people newly
needing health care with access to that service. With-
out HAART, individuals were assumed to survive 2
years while the treatment with antiretroviral therapy
increased this survival. Because we modelled costs
rather than benefit in healthy life years, we assumed
that patients who started HAART on average 2 years
before they otherwise would have died would con-
tinue on HAART for a total of between 3 and 7
years—implying a survival benefit of 1–5 years plus
any survival following cessation of therapy. Aver-
age duration on HAART was assumed to vary as a
function of the country’s pre-existing health services
infrastructure which is correlated with factors such
as adherence, monitoring, consistency of the drug
supply, and psychosocial support. We used the ba-
sic health care access indicator described above as a
proxy for “pre-existing health services infrastructure”
such that the 7-year maximum average is reduced by
the difference between 100% and a country’s basic
health care access indicator, down to a minimum of
three years. Duration of treatment for a particular
patient was modelled with a Poisson distribution.

Finally, adults (aged 19 and above) and children
(aged 0–18 years) were dealt with differently. We as-
sumed that the cost of health care for children infected
with HIV is 50% of that for adults. In most countries
the large majority of children with AIDS are children
infected perinatally (older children infected sexually
typically do not progress to AIDS before age 18) and
the few studies of the cost of care for young children
have consistently suggested that the average cost is
substantially lower than that for adults[24–26].

2.5. Unit costs

Published and unpublished literature was re-
viewed for cost data for the HIV/AIDS health care
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Table 3
Annual costs for HIV/AIDS health care activities

Category Annual costs per person per
year (constant 2000 US$)

Low-income
countriesa

Middle-income
countriesb

Diagnostic HIV testing 3 3
Palliative care 75 300
OI treatment 300 1200
OI prophylaxis 45 180
Drug costs for HAART 350 2500
Lab monitoring for HAART 140 560

a For low-income countries costs derived from estimates for-
mulated using data from sub-Saharan African countries[36–40].

b For middle income countries costs derived from estimates
formulated by LAC country representatives[35].

interventions included for as many countries as possi-
ble[26–31]. Base unit costs were set for two groups of
countries: low- and middle-income countries.Table 3
shows the costs assumed for each of the categories
of activities in constant 2000 US dollars. The costs
included are annual costs with the exception of costs
for palliative care and OI treatment which are lifetime
costs. The latter two were modelled as lifetime costs
because in the absence of better data it was assumed
that HAART does not change average lifetime OI
treatment and palliative care costs, but instead simply
delays these costs to varying degrees. Costs represent
costs of service provision and drugs. These costs ex-
clude capital and overhead costs as well as training
costs.

The reference costs used for the estimations are
based on studies conducted in sub-Saharan Africa as
well as consultation with experts from Latin America
and the Caribbean. When country-specific costs were
not available, costs were imputed based on country
wealth. For each unit price, a non-tradable proportion
was defined based on the extent to which each inter-
vention depends upon internationally traded goods in-
cluding drugs and diagnostics versus local goods such
as labour and physical infrastructure. Although health
care interventions are typically labour intensive, in
very low-income settings labour costs can easily be
exceeded by the cost of expensive pharmaceuticals.
The non-tradable proportion for each unit price was
adjusted for each country using its PPP. The tradable
portion of the cost was assumed not to vary across

countries with the exception of antiretroviral therapy
costs as described below. Such an imputation is a rel-
atively blunt tool because it relies upon several strong
assumptions. First, it assumes that the tradable and
non-tradable proportions are constant across countries
even though countries with large, sophisticated health
care markets have a larger non-tradable proportion.
Second, it assumes that PPP correction for the general
consumption basket and for the HIV/AIDS care con-
sumption basket are similar. Third, there is significant
uncertainty in the estimates of the tradable proportion
and finally, it assumes that the components of any of
the packages of services (e.g.palliative care) are con-
stant across countries. However, in absence of data
from individual countries, it was not possible to have
more robust estimates of country-specific unit costs.

2.5.1. Palliative care (lifetime)
The total lifetime cost of treating an HIV positive

adult with palliative care. Although the duration of
the palliative care provided varies, it is certainly con-
centrated in the last months of life. Therefore, for
purposes of costing, it was assumed to be completely
incurred in the last year of life.

2.5.2. Diagnostic testing (once-off)
The cost of testing to diagnose HIV infection. This

testing is distinct from preventive testing and coun-
selling as it is performed when there is clinical sus-
picion of HIV-related disease and thus is part of the
process of providing health care. It was assumed to
consist of two tests, an initial test and, if positive, a
confirmatory test.

2.5.3. Treatment of opportunistic infections (lifetime)
The cost of treating opportunistic infections over

the lifetime of an HIV positive adult. Even if survival
is extended through the use of HAART or OI prophy-
laxis, it is assumed that a similar cost of opportunis-
tic infections treatment will be borne prior to death.
Although OI treatment is not as concentrated in the
period immediate prior to death as palliative care, it
is still strongly biased towards the last year of life.
Thus we assumed that the full lifetime cost is borne in
the last year. The bias introduced from not discount-
ing part of these costs to the penultimate year of life
is assumed to be insignificant given the degree of un-
certainty in the estimates relative to the magnitude of
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potential bias due to assuming that the OI treatment
expenditures occur in the last year.

2.5.4. Prophylaxis for opportunistic infections
(annual)

The annual cost per HIV positive adult of pro-
phylaxis against opportunistic infections using cot-
rimoxazole and isoniazid. The default annual cost
was US$ 45 for low-income countries and US$180
for middle-income countries, which includes both the
drug costs and the service delivery costs.

2.5.5. HAART (annual)
The annual cost of providing HAART, including

both the drugs and the service delivery costs. We
used a normative cost for HAART assuming that the
cost of HAART varies with a country’s purchasing
power and HIV prevalence. We assumed that the min-
imum price for the tradable portion of HAART (US$
300) will be paid by all low-income countries and by
South Africa and Botswana, while this amount will be
US$2,000 for the remaining middle-income countries.
Prices were assumed to increases linearly in propor-
tion to per-capita gross national income (GNI) from
the poorest to the wealthiest middle-income country
with prices ranging from US$ 315 in Sierra Leone to
US$ 5293 in Malta. This price range was based on
the normative assumption that price negotiations with
pharmaceutical companies will result in price differ-
entiation based on a country’s ability to pay. The cost
of HAART for children living with HIV was estimated
to be 50% of the country-specific adult cost. The de-
fault values for these variables are easily modified for
sensitivity analysis.

We should note that we used the “low-income” unit
costs for both Botswana and South Africa for two prin-
cipal reasons. First, HAART costs are a large part of
overall costs and all negotiations with the pharmaceu-
tical sector to date have included Botswana and South
Africa in the group of most needy countries (because
of the magnitude of the epidemic). Second, the two
countries are both surrounded by low-income coun-
tries and have high levels of socio-economic inequal-
ity with the epidemic concentrated among the poor
suggesting that health care costs for PLHA have more
in common with those in the remainder of the African
continent than with middle-income countries in Latin
America and Asia. As additional cost data become

available it will be possible to adjust these imputed
unit costs to country-validated costs.

2.5.6. Laboratory test costs associated with HAART
(annual)

The total annual costs of laboratory tests used
for monitoring response to therapy and disease
progression.

2.6. Total resource needs estimates

Total costs were estimated by multiplying the num-
ber of people using the health care service by the unit
cost to provide that service. Due to lack of informa-
tion regarding economies or diseconomies of scale in
HIV health care in developing countries, no changes
in unit costs were assumed as programs are scaled up.

3. Results

As mentioned above, the estimates initially pro-
duced by the model for 2005 have been presented pre-
viously [2]. This paper discusses these results together
with the results of the updated model for the years
2001–2007.

The baseline estimates generated by the model sug-
gested that by 2005, US$ 4.4 billion will be needed
annually for the provision of HIV/AIDS health care
in developing countries, and US$ 7.5 billion by 2007
(Fig. 1). To explore the sensitivity of the model to
changes in the parameters used, sensitivity analyses
were performed. The most revealing is a multivariate
analysis in which “uncertainty distributions” were
estimated for each parameter and then a probabilis-
tic simulation of the model was conducted drawing
parameter values randomly from their uncertainty
distributions using @Risk software[32]. While not
a confidence interval (because it is not based on
empirical variance in the parameters and ignores
inter-parameter correlation), 95% of the simulations
produced values within±15% of the baseline esti-
mates for 2005. The model is increasingly sensitive
as it is extended into the future both because of the
cumulative nature of the growth rates and because
the number of patients under treatment also depends
upon patients treated in previous years. The model is
especially sensitive to the assumed cost of HAART
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Fig. 1. Estimated needs for HIV/AIDS related health care by type of care, 2001–2007.

and to the assumed survival benefit (average number
of years treated with HAART). For example, a modifi-
cation on the HAART unit cost by reducing it by half
would reduce the total for 2007 from US$ 7.5 billion
to US$ 5.6 billion. If the average number of years on
HAART were 8–12 instead of 3–7, the total for 2007
would rise from US$ 7.5 billion to US$ 8.4 billion.

While the estimated resource needs for each health
care category increase in each year modelled, by far
the greatest increase occurs in the estimated resource
needs for HAART. These increased from US$ 434
million in 2001 to US$ 3.7 billion in 2007 which
represents an increase in the share of HAART in total
resource needs from 25% in 2001 to 49% in 2007.
HAART-associated laboratory costs increase propor-
tionately even more, from 7 to 26%. Prophylaxis
for OI increases its share from 1% to almost 5% in
2007. The proportion of total resource needs allo-
cated to the other interventions decreases over time
(Fig. 2).

Not surprisingly given the epidemiology of the pan-
demic, it is estimated that sub-Saharan Africa will
require most of the resources for HIV/AIDS health
care—representing 56% of health care resource needs
in 2001 and 43% of health care resource needs in 2007.
North Africa and Middle East is the region estimated

to require the least resources with 0.5% and 1.4% in
2001 and 2007, respectively.

Though resource needs for sub-Saharan Africa are
estimated to be significantly higher, limitations in
health system capacity mean that even these high
levels of investment will cover a smaller propor-
tion of total people needing HIV/AIDS health care.
In 2005, coverage for HAART is calculated to be
highest in Latin America with a regional average of

Fig. 2. Share of 2007 estimated resources needs by region.
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almost 60% and almost 100% in the highest capacity
countries. The regional average is approximately 41%
for sub-Saharan Africa with some countries having a
coverage rate of as low as 5%.

4. Discussion

In order to estimate financial needs for health care
in an expanded response to HIV/AIDS in low- and
middle-income countries in 2005 and 2007, we devel-
oped a model that derives country-specific estimates
and projections of people in need of health care; esti-
mates coverage levels of activities over time in indi-
vidual countries; calculates country-specific unit costs
for selected interventions and approximates total re-
source needs and country capacity to pay. Though we
used this model to derive global estimates, it can be
run by researchers in low- and middle-income coun-
tries to produce estimates on HIV/AIDS health care re-
sources needs for their own countries. This paper was
written to make the methodology available to these
researchers.

For those who will run the model and those inter-
preting results from the model, we do note that some
limitations must be considered. On the supply side,
the model assumes that though there are no finan-
cial constraints on the expansion of HIV/AIDS health
care services, all services must be provided within the
confines of the current infrastructure in a country. In
addition, the model assumes that all additional funds
used for HIV/AIDS health care service provision will
be used as efficiently as they were in the health care
programs whose unit costs drive the model; that ad-
ditional resources will not be wasted any more than
current expenditures due to inefficiency or diversion
of funds. Similarly, it also assumes that there will be
no efficiencies of scale associated with scaling-up (or
at least that any scale efficiencies will be offset by in-
creasing marginal costs as scaling-up occurs). On the
demand side, the model assumes that if HIV/AIDS
health care services are provided, then those people
needing health care will demand the services.

The most important limitation of the model is the
lack of available data and this exercise underscores the
real need to strengthen health data management sys-
tems in low- and middle-income countries. Because of
the extreme paucity of relevant data, proxies for many

variables were used. Clearly, the more that country re-
searchers can use country-specific data that were not
available to us instead of the proxies we derived, the
more accurate and reliable their estimates of resource
needs will be.

Another shortcoming associated with the model is
that virtually no information is available on how unit
costs change as interventions are scaled up. Such in-
formation could and should be collected as efforts to
scale up HIV/AIDS care services begin. And simi-
larly, one missing component is that the model does
not allow for an analysis of the potential impact of the
interventions included. Ideally, estimates of resource
needs should go a step further, approximating not only
resource needs but also the benefits provided by the re-
sources spent. Focusing on the benefits expected from
new investment would provide data critical to deci-
sions on the distribution of resources within and across
countries and sectors.

Finally, it should be noted that the perspective
of these modelling exercises is limited to direct
HIV/AIDS programme costs. This perspective ig-
nores both costs incurred by patients to access these
care services, costs which may vary substantially
across and within countries and which are very large
in some countries. The perspective also ignores the
cost of increasing health system infrastructure to be
able to cover a higher percentage overall. The omis-
sion of infrastructure costs here is in no way meant
to imply that existing infrastructure is adequate—far
from it. However, this approach points out that even
within the existing infrastructure we could poten-
tially treat a far greater proportion of people living
with HIV/AIDS than are currently receiving therapy,
especially in poor countries.

A series of regional workshops are being held to
refine the methods and assumptions used to make esti-
mates of health care needs[35]. To date regional work-
shops have been held for countries in Latin America
and the Caribbean, among countries of Eastern Eu-
rope and Central Asia, and among countries of South
and Southeast Asia. These workshops have been spon-
sored by various United Nations organization and their
partners and should help provide more credible and
comparable estimates of need for health care related to
HIV/AIDS. In these workshops, we have seen that in
many countries, policy-makers and researchers work-
ing on HIV/AIDS within countries do have access to
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information that is usually unpublished and was un-
available to the team working on the UNGASS care
resource needs model.

Funding mechanisms like the Global Fund for
HIV/AIDS, Tuberculosis and Malaria are increasingly
making funding decisions on the basis of burden of
disease estimates and financial need calculations. In-
ternational institutions are also increasingly setting
explicit goals and targets with regards to HIV/AIDS.
UNGASS committed member nations to a list of
specified goals to be achieved by the years 2005
and 2010. And more recently, WHO has commit-
ted to having three million people on HAART in
developing countries by the year 2005[33]. Simi-
larly, at the national level, low- and middle-income
countries are strengthening their HIV/AIDS strategic
plans to include explicit goals and objectives[34]. In
this context, the demand for reliable and comparable
methods for estimating resource needs is growing.
More robust country-specific estimates derived from
additional information can serve to better inform na-
tional decisions on HIV/AIDS health care and these
more accurate country-level estimates will also allow
for better global resource needs estimates to inform
decision making at the international level.
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