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Abstract
Background: HIV/AIDS resource allocation decisions are influenced by political, social, ethical and
other factors that are difficult to quantify. Consequently, quantitative models of HIV/AIDS resource
allocation have had limited impact on actual spending decisions. We propose a decision-support
System for HIV/AIDS Resource Allocation (S4HARA) that takes into consideration both principles
of efficient resource allocation and the role of non-quantifiable influences on the decision-making
process for resource allocation.

Methods: S4HARA is a four-step spreadsheet-based model. The first step serves to identify the
factors currently influencing HIV/AIDS allocation decisions. The second step consists of prioritizing
HIV/AIDS interventions. The third step involves allocating the budget to the HIV/AIDS
interventions using a rational approach. Decision-makers can select from several rational models
of resource allocation depending on availability of data and level of complexity. The last step
combines the results of the first and third steps to highlight the influencing factors that act as
barriers or facilitators to the results suggested by the rational resource allocation approach.
Actionable recommendations are then made to improve the allocation. We illustrate S4HARA in
the context of a primary healthcare clinic in South Africa.

Results: The clinic offers six types of HIV/AIDS interventions and spends US$750,000 annually on
these programs. Current allocation decisions are influenced by donors, NGOs and the government
as well as by ethical and religious factors. Without additional funding, an optimal allocation of the
total budget suggests that the portion allotted to condom distribution be increased from 1% to 15%
and the portion allotted to prevention and treatment of opportunistic infections be increased from
43% to 71%, while allocation to other interventions should decrease.

Conclusion: Condom uptake at the clinic should be increased by changing the condom
distribution policy from a pull system to a push system. NGOs and donors promoting antiretroviral
programs at the clinic should be sensitized to the results of the model and urged to invest in
wellness programs aimed at the prevention and treatment of opportunistic infections. S4HARA
differentiates itself from other decision support tools by providing rational HIV/AIDS resource
allocation capabilities as well as consideration of the realities facing authorities in their decision-
making process.
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Background
Available funding for HIV and AIDS in low- and middle-
income countries is estimated at US$27 billion in total for
the years 2005 to 2007. However, that amount represents
only 60% of the resource requirements estimated at
US$45 billion in the same period [1]. Though funding has
increased dramatically, the resource needs for an effective
global response to the AIDS epidemic have increased even
further.

Rational approaches HIV/AIDS resource allocation
Resource allocation can be defined as the process of dis-
tributing funds or resources among intervention pro-
grams that are competing for the same budget. There are
several types of rational models that can be used to sup-
port the decision-making process for HIV/AIDS resource
allocation. Equity is perceived as an important value rep-
resenting fairness and distributive justice [2-4]. Simple
resource allocation models can be based on equity criteria
such as an allocation proportional to the number of HIV/
AIDS cases in different target groups [5,6]. Resource allo-
cation models can be based on league tables which sug-
gest allocating funds to interventions in ascending order
of their cost-effectiveness ratios until the budget is
exhausted [7].

More comprehensive approaches to resource allocation
include simulation models used to project the epidemic
over time and compare the outcome of alternative alloca-
tion scenarios [8,9]. A number of HIV/AIDS resource allo-
cation models are formulated as an optimization problem
[10-13]. The problem is usually stated as one of choosing
the amount to be invested in several interventions to opti-
mize total health benefits subject to a budget constraint.

Despite the increased acceptance of such rational models
and their potential to produce very good results, their
impact on health care resource allocation in practice has
been rather limited [14-16]. In addition, there is evidence
that actual spending decisions tend to deviate signifi-
cantly from what rational models might suggest [17].

Limitations of rational models for HIV/AIDS resource 
allocation
Several reasons have been discussed regarding the practi-
cal usability of rational resource allocation models. First,
models are often complex and there is limited data or
capacity to use them in low-income settings. In develop-
ing countries, barriers to the use of quantitative decision
models in health care include a shortage of trained ana-
lysts and other personnel with the capacity to manipulate
models, as well as a lack of awareness of models and their
contributions [18,19]. Anderson and Garnett argue that
emphasis on the elegance of the formulation and analysis
of infectious disease models rather than on practical rele-

vance, combined with inadequate knowledge in mathe-
matics and statistics, creates a chasm between the
researchers creating models and the decision-makers orig-
inally intended to use them [20]. In a study of the influ-
ence of mathematical modeling of HIV/AIDS on policies
in the developing world, Stover concludes that policy
makers often think that "modeling is not understandable,
answers the wrong questions or suggests unrealistic solu-
tions [21]."

Second, resource allocation decisions can not be made in
a socio-political vacuum [22]. Resource allocation prac-
tices are subject to the influence of numerous social, ethi-
cal, political and other non-quantifiable considerations,
yet rational models do not consider these influencing fac-
tors [23,24]. For example, there is a major policy debate
on whether HIV funds are best spent on treatment or pre-
vention. Marseille et al. argue that if the goal is to mini-
mize total loss of life then the primary focus of HIV
spending in sub-Saharan Africa should be prevention
[25]. Creese et al. also make a case for prioritization of
prevention over treatment based on a review of cost-effec-
tiveness studies of HIV/AIDS interventions in Africa [26].
Both of these studies were criticized for not considering
the social environment. Their critiques argue that the deci-
sion to treat cannot be based solely on the perspective of
cost implications, but rather it should involve humanitar-
ian considerations and a societal moral obligation to treat
[27-29].

Third, rational models of resource allocation are useful to
optimize the expected outcome for a single decision-mak-
ing authority [30]. However, the decision-making process
for HIV/AIDS resource allocation involves several deci-
sion-makers each with their own goals, priorities, proc-
esses and level of influence. These decision-makers
include donors, advocacy groups, non-government organ-
izations (NGOs), government agencies and local commu-
nities [24]. When many decision-makers are involved
resource allocation models should be used as a means for
structuring the problem so that conflicts can be handled
constructively [30]. Baltussen and Niessen propose a
multi-criteria decision making approach to guide health-
care resource allocation [31].

In a study of the use of operations research models in
developing countries, Ravn and Vidal suggest that educa-
tion in industrialized countries produces researchers who
believe that to be scientific one ought to be politically
neutral; but that both scientific analysis and political
engagement are necessary to implement appropriate
models in developing countries [32]. Despite the influ-
ence of qualitative criteria, policy models can provide
important input to the public health policy making proc-
ess, particularly when resources are scarce [33,34]. More
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priority setting tools are necessary, including those based
on principles of cost-effectiveness, however, these tools
should be attuned to decision-makers' needs, society's
preferences and local circumstances [35].

In view of these limitations to the use and usability of
rational resource allocation models, we propose a deci-
sion-support System for HIV/AIDS Resource Allocation
(S4HARA) that takes into consideration both principles of
efficient resource allocation and the role of non-quantifi-
able influences on the decision-making process for HIV/
AIDS resource allocation. S4HARA enables decision-mak-
ers to select from several rational models of resource allo-
cation depending on availability of data and level of
complexity. We validate S4HARA by demonstrating its
application in the context of a health care clinic in South
Africa.

The remainder of this paper is organized as follows: we
begin with a description of S4HARA; we then apply the
system to a primary health care clinic in South Africa and
describe the results. Finally, we conclude with some rec-
ommendations, known limitations and suggestions for
future work.

Methods
S4HARA is a four-step spreadsheet-based decision-sup-
port system for allocating funds to HIV/AIDS programs at
a local level. S4HARA is aimed at local government agen-
cies, non-governmental organizations or public health
institutions currently offering HIV and AIDS programs in
a low-income community. Though the primary user of
S4HARA is the person in charge of budget planning
within a given organization, consultation with several key
contacts is required to gather input for the construction of
a S4HARA model.

The flow diagram in Figure 1 illustrates the fours steps
involved in S4HARA. The first step, situation analysis,
consists of collecting data related to the target population
and the HIV/AIDS programs offered. The second step
serves to identify the factors that currently influence HIV/
AIDS resource allocation decisions. The third step requires
prioritizing the HIV/AIDS programs. The last steps com-
bines the output of the second and third steps to create a
comprehensive picture which highlights the influencing
factors that act as barriers or facilitators to the results sug-
gested by the rational resource allocation approach. This
last step assists in the formulation of actionable recom-
mendations intended to improve HIV/AIDS resource allo-
cation.

The 4 steps of S4HARAFigure 1
The 4 steps of S4HARA.
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S4HARA is designed to run on Microsoft Excel. Excel was
selected as the platform for running S4HARA because of
its widespread availability.

Step 1: Situation analysis
In this step the user is required to collect data including
population size, HIV prevalence, number of AIDS cases,
the resource allocation planning horizon and the total
budget. For each HIV/AIDS program offered by the organ-
ization, the user will compile the available data related to
program utilization rates, such as the number of visits,
material expenses and, if possible, program costs and out-
come data. The WHO-CHOICE project is a useful source
for identifying regional estimates of intervention costs
and outcomes [36]. If cost-effectiveness analysis of the
HIV/AIDS interventions is conducted, it should conform
to recognized guidelines cost-effectiveness analysis
[19,37,38]. The extent of the data collected will determine
which of the resource allocation models could be used in
the third step.

Step 2: Influence diagram
Influence diagrams can be useful for illustrating problems
that are difficult to quantify. In this step, an influence dia-
gram is used to create a graphical representation of the fac-
tors that bear a positive or a negative influence on the
implementation of the HIV/AIDS programs offered. The
output of this step will be used as input to the final step.

Nodes
The influence diagram is composed of two types of nodes:
program nodes representing the HIV/AIDS programs
offered; and factor nodes representing the influencing fac-
tors. Program nodes are predefined based on the results of
the situation analysis (Step 1).

The user is provided with a default set of nodes based on
previous research. In previous research, we identified sev-
eral bodies or groups that influence the decision-making
process for HIV/AIDS resource allocation in low-income
settings, including: donors, advocacy groups, NGOs, gov-
ernment agencies, communities and the media [24]. We
also determined that many intangible factors influence
the allocation of HIV/AIDS resources, for example, politi-
cal power, relationships, leadership, ethics, culture and
religion [24]. The user is given the option to customize or
add factor nodes.

Creating the influence diagram
Nodes can be connected by two types of arcs; positive arcs
are green and represent a positive influence between a fac-
tor node and a program node, and negative arcs are red
and represent a negative influence between a factor node
and a program node.

By default the influence diagram contains both program
nodes and factor nodes but no arcs. For every combina-
tion of factor node and program node, the user must
assess whether the factor bears an influence on the alloca-
tion of resources to the program and if so, whether it is a
positive or a negative influence. Accordingly, the user will
add positive and negatives arcs to the influence diagram.
For example, the user may ask: "Does religion have an
influence on the implementation of a condom distribu-
tion program? And, if so, is it a positive influence which
encourages condom distribution or a negative influence
which impedes condom distribution?" To improve the
accuracy of answers, the user should consult with as many
qualified respondents as possible. The thickness of the
arcs should be used to determine the relative importance
of the influence.

Step 3: Rational model for resource allocation
In this step, the user selects and applies one of three HIV/
AIDS resource allocation methods: priority setting, equity
or optimization.

Priority setting
We define priority setting as an ordinal ranking of the pro-
grams according to the situation analysis. This approach
does not require cost or outcome data and is recom-
mended if information on current levels of funding or uti-
lization for each program is limited.

In S4HARA, priority setting entails assigning a prescriptive
priority level to each of the HIV/AIDS programs offered
indicating what the priority level ought to be for each pro-
gram. Each program is also assigned a current priority
level relating the level of priority currently given to each
program. The highest level is 1, 2 is the next highest level,
etc. and each level should only be used once. The levels
are ordinal ranks and do not express a quantitative meas-
ure. The difference between prescriptive and current prior-
ity levels of each program is used in the final step to
determine if programs are over- or under-funded. Priority
levels should be determined by a consensus among all
qualified respondents. If consensus cannot be reached,
priority setting can be mediated by vote or by seeking
expert opinion.

Current priority levels should be set in view of the situa-
tion analysis and the user's perception of the target popu-
lation needs, the programs' current clients and the
program outcomes. Prescriptive priority levels can be elic-
ited using the following two questions:

1) Hypothetically, if $10,000 were available, which of the
HIV/AIDS programs offered would you put it towards?
Rank the answer as 1 and consider the remaining pro-
grams only.
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2) Hypothetically, if $10,000 were available, which of the
remaining HIV/AIDS programs offered would you put it
towards? Rank the answer as the next highest priority and
consider the remaining programs only. Repeat this ques-
tion until all HIV/AIDS programs are ranked.

If priority setting is chosen as the rational method of
resource allocation, it is assumed that actual levels of
spending for each program are unknown. Current priority
levels should be based on information collected in the sit-
uation analysis including program utilization. Assigning
current priority levels consists in ranking the HIV/AIDS
programs offered relatively according to the current prior-
ity given to each program.

Equity
Several approaches can be used to define an equity-based
heuristic allocation of HIV/AIDS resources. We define
equity as an allocation proportional to the maximum
allocation to each program within the planning horizon.
The maximum allocation can be based on the absorptive
capacity for an intervention, or, it can be calculated as the
product of the unit cost of an HIV/AIDS program and the
maximum number of people eligible for that program
within the planning horizon. The information necessary
to establish the maximum allocation is program-specific.
For example, the maximum allocation to ART depends on
the number of AIDS cases in the population and the
annual cost of an ART regimen, while the maximum allo-
cation to VCT depends on the adult population targeted
and the unit cost of VCT. The equity allocation consists of
partitioning the total budget proportionally according to
the maximum allocation to each program. The difference
between the equity allocation and the current allocation
to each program is the main output used in the final step.

An equity-based heuristic allocation of HIV/AIDS
resources is recommended if the organization values the
notion of fairness associated with equity above the notion
of efficiency associated with optimization, or if cost-effec-
tiveness data for the programs considered are not availa-
ble.

Optimization
This approach to resource allocation requires all data out-
lined in the situation analysis and uses cost-effectiveness
ratios to maximize health outcomes. Cost and outcome
data for the HIV/AIDS programs are used to determine the
cost-effectiveness ratios. However, if cost or outcome data
are not available, then cost-effectiveness ratios may be
identified through literature searches. The denominator of
the cost-effectiveness ratios should be expressed in disa-
bility-adjusted life years (DALYs) or some other common
measure of outcome.

The optimization problem is then formulated as a linear
program where the objective function aims to maximize
the total number of DALYs gained, subject to a total
budget constraint. The decision variables are the amounts
to invest in each of the HIV/AIDS programs. There may
also be maximum and minimum funding levels for each
program. This allocation problem is equivalent to a knap-
sack problem and is easily solved by selecting programs in
order of their cost-effectiveness ratios until the budget is
exhausted [39]. Sensitivity analysis should be performed
by varying the cost-effectiveness ratios and the budget
constraints to evaluate the robustness of the results
obtained. A description of the mathematical optimization
model is provided in the Appendix.

Step 4: Barriers and Facilitators
In this last step, the background color of program nodes
in the influence diagram drawn in Step 2 are used to high-
light the output of Step 3. The background color of pro-
gram nodes are set to bright green, light green, light red
and bright red depending on whether a program should
receive significantly more, slightly more, slightly less or
significantly less funding, funding than the current alloca-
tion.

Program nodes with matching coloured incoming arcs
indicate that the influencing factors are a facilitator to the
resource allocation objective while program nodes with
mismatched coloured incoming arcs indicate that influ-
encing factors act as a barrier to the objective set by the
resource allocation model.

Recommendations for improving the allocation of
resources to HIV/AIDS programs are not automated.
Rather, S4HARA assists in the formulation of actionable
recommendations intended to improve HIV/AIDS
resource allocation by creating a comprehensive picture
highlighting the influencing factors that work either
towards or against the solution derived in Step 3. The user
examines the diagram in Step 4, detects the barriers and
facilitators and identifies their source. The way these
sources act as an impediment or an endorsement to an
improved allocation must be interpreted. The user can
then formulate actionable recommendations to alleviate
the barriers and use the facilitators to encourage the allo-
cation of resources.

The case of the kwaDukuza primary health care 
clinic
We illustrate the use of S4HARA with an example based
on the kwaDukuza Primary Health Care (PHC) clinic. The
municipality of kwaDukuza has a population of 170,000
and is located on the Indian Ocean coastline in the south-
east of South Africa, near Durban.
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As part of a previous case study, we conducted 35 key
informant interviews and collected documents relevant to
HIV/AIDS programs and budgets in kwaDukuza over a
six-week period during March and April, 2005 [24]. Inter-
view candidates represented national, provincial and local
government institutions as well as NGOs, advocacy
groups and academia. Interviews consisted of ten open-
ended questions addressing resource allocation issues
allowing candidates to speak openly about the realities
and complexities of the HIV/AIDS resource allocation
process in kwaDukuza.

In 2004, the antenatal HIV prevalence rate in kwaDukuza
was estimated at 40% [40]. In the municipality of
kwaDukuza, HIV and AIDS programs are delivered
through health care clinics, a hospital and non-govern-
mental organizations. Our example focuses on the
kwaDukuza PHC clinic, the largest clinic in the munici-
pality.

Step 1: Situation analysis
Demographic information on the municipality of
kwaDukuza and data on the clinic and its HIV/AIDS pro-
grams were collected [24]. The kwaDukuza PHC clinic
serves approximately 61,000 people in kwaDukuza. To
estimate this figure, we assess the proportion of visits
made to the kwaDukuza PHC clinic relative to the
number of visits made to all clinics in the municipality
and then multiply by the population of kwaDukuza. Dur-
ing 2004, a total of 124,281 patients visited the

kwaDukuza PHC clinic for a wide variety of primary
health care reasons. Approximately 71% of those visits
were made by patients over the age of fifteen. Budget plan-
ning for the clinic is the responsibility of the head nurse
and is performed on a yearly basis. The annual budget for
HIV/AIDS programs is estimated at US$ 716,000 for the
year 2004. Detailed budget calculations are provided in
the Appendix.

As of April 2005, six HIV/AIDS programs were offered at
the clinic: voluntary counselling & testing (VCT), a pre-
vention measure aimed at getting people to know their
HIV status; antiretroviral therapy (ART) administered
through a nearby hospital; condom distribution; short
course antiretroviral treatment for the prevention of
mother-to-child transmission (PMTCT); treatment of sex-
ually transmitted infections (STIs), used to decrease the
probability of HIV transmission; and a "wellness" pro-
gram intended to prevent and treat opportunistic infec-
tions (OI) in people living with HIV/AIDS.

Annual data on the utilization of HIV/AIDS programs at
the kwaDukuza PHC clinic for the year 2004 are summa-
rized in Table 1. Data were obtained from clinic nurses
and the information officer for the municipality. Accord-
ing to this data, 57% of those tested for HIV through VCT
were positive and 40% of the women tested through the
PMTCT program were positive. A total of 4741 patients
attended the clinic for STI related reasons, and of those
68% received treatment. Condoms are distributed in

Table 1: HIV/AIDS program utilization at the kwaDukuza PHC clinic (Y2004)

HIV/AIDS program 2004 annual estimate (Supplied by iLembe District Health office)

VCT Number of patients counseled 1,728
Number of patients counselled & tested 1,587
Number of patients tested HIV positive 897

ART Number of patients with clinical AIDS 7,364
Number of patients referred for ART 180

Number of patients in ART program (administered outside clinic) 540

Condom Condom packages picked up 4,664

Wellness (Annual estimate based on 6 months of data) Number of patients seen 4,880
CD4 cell count tests 724

Patients with CD4 cell count <200 276

Treatment of STIs Number of patients seen for STIs 4,741
STIs treated (new episode) 3,203

STI partner notification slips issued 4,288

PMTCT (Annual estimate based on 9 months of data) Number of patients counselled 2,840
Number of patients counselled & tested 2,540

Number patients tested HIV positive 1,056
Number of patients given nevirapine 732
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packages of ten and are accessible in common areas of the
clinic. In 2004, 4664 packages were taken. Assuming that
at most one package is picked up by patients above the age
of 15 who attended the kwaDukuza PHC clinic in 2004,
then 5.24% of patients took a package of condoms.

National guidelines for the initiation of antiretroviral
therapy include a CD4 cell count of less than 200 per
cubic millimetre of blood. Of the patients seen by nurses
or HIV/AIDS counsellors in the wellness program, 15%
had their blood drawn for CD4 cell count testing. Of those
tested, 38% had a CD4 count below 200 and 65% of those
were referred for antiretroviral therapy. The public ART
program in the municipality of kwaDukuza began in April
2004 and is administered by the main hospital located
near the kwaDukuza PHC clinic. As of March 2005 there
were 540 patients in kwaDukuza receiving ART through
the public health system.

Step 2: Influence diagram
The screen captures in Figures 2, 3, 4 and 5 illustrate the
creation of an influence diagram. Figure 2 shows the ini-
tial screen containing only program nodes and factor
nodes. For every combination of program and factor
node, we determined whether there is a positive or a neg-
ative influence between the factor and the program. This
assessment of the influencing factors is based on informa-
tion from a case study of kwaDukuza [24]. For example,
donor organizations are funding medical equipment,
infrastructure improvements and temporary human
resources to support the enrolment of patients in the ART
program. Therefore, donors have a strong positive influ-
ence on the expansion of the ART program at the
kwaDukuza PHC clinic. Accordingly, we draw a green arc
from the Donors node to the ART node, as shown in Fig-
ure 3. The provincial and district levels of government
have enforced PMTCT and VCT programs in all primary
health care clinics so we draw green arcs from the Govern-

Initial blank screen of an influence diagramFigure 2
Initial blank screen of an influence diagram.
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ment node to both the PMTCT and VCT nodes, as in Fig-
ure 4. Cultural standards, social stigma and some faith-
based organizations have a negative influence on condom
uptake in kwaDukuza so we draw red arcs from the NGO
and Culture & Religion nodes to the Condom node, as in
Figure 4.

We proceed with an evaluation of all possible combina-
tions of programs and factors, drawing arcs wherever
applicable. We use thin and thick arcs to represent minor
and major influences. The final influence diagram is illus-
trated in Figure 5.

Step 3: Resource allocation
In this step, the user selects and applies one of three
approaches to HIV/AIDS resource allocation. For the sake
of demonstrating the use of S4HARA, we outline the
application of each approach in the subsections below.

Results of the three approaches are described with the
help of S4HARA screen captures reflecting the completed
allocation.

Priority setting
Figure 6 is a screen capture of S4HARA showing the results
of Step 3 when the priority setting approach is applied to
the kwaDukuza PHC clinic. Data entry in this step is lim-
ited to the Prescriptive priority and Current priority fields.
The background color of fields in the Difference row is
highlighted in green when a program should be given
more funding to meet the prescriptive priorities while it is
highlighted in red when a program should be given less
priority.

Prescriptive priority fields were assigned based on the elic-
itation method outlined earlier. Results of the situation
analysis and knowledge of current processes at the

Positive influence arcFigure 3
Positive influence arc.
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kwaDukuza PHC clinic helped determine the Current pri-
ority fields.

According to the results highlighted, VCT and condom
distribution should receive slightly more resources and
the ART program should receive significantly more
resources. These additional resources can be reallocated
from the three other programs.

Equity
Figure 7 shows the allocation of resources when the equity
approach is applied to the kwaDukuza PHC clinic. The
background color of fields in the difference row is high-
lighted in green when a program's share of the budget
should be increased to meet the equity allocation while it
is highlighted in red when a program's share should
decrease.

The maximum allocation to each program assumes a time
horizon of one year and is the product of the maximum
number of people that could be reached by a program and
the unit cost of the program. For a given HIV/AIDS pro-
gram, the current allocation is the product of the program
utilization and the unit cost of the program. Program uti-
lization rates were summarized in Table 1. The unit cost of
HIV/AIDS programs are derived from a recent study of the
impact of scaling up HIV/AIDS intervention programs in
low- and middle-income countries [41]. These data are
displayed in the Appendix.

The results highlighted in the difference row indicate that
VCT, ART, condom distribution and the treatment of STIs
should receive a greater share of the available budget
while the remaining two programs should receive less
funding. Although these results may seem unfair to some
population subgroups, they may represent improved dis-

Adding arcs to create an influence diagramFigure 4
Adding arcs to create an influence diagram.
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tributive justice to others because the resources are allo-
cated to the HIV/AIDS programs on the basis of equity.

Optimization
Data requirements for optimizing the allocation of
resources to the HIV/AIDS programs include: cost-effec-
tiveness ratios; minimum and maximum funding levels
for each program; current allocation to the programs; and
a total budget constraint. The kwaDukuza PHC clinic does
not conduct economic evaluations so cost-effectiveness
ratios for HIV/AIDS programs in similar settings were
identified from the secondary sources [25,26,42,43]. We
standardized the cost-effectiveness ratios by converting all
costs to US dollars for the year 2004 and converting out-
comes into DALYs as needed. We used these ratios to cal-
culate an average cost per DALY saved. Results are
summarized in Table 2.

The optimal allocation of resources to the HIV/AIDS pro-
grams offered at the kwaDukuza PHC clinic is shown in
Figure 8. The total budget constraint is set as the sum of
the current allocation to the HIV/AIDS programs. Since
we did not want to entirely eliminate the allocation to a
program, we introduced a lower bound on the allocation
to each program set at 25% of the current funding level.
This lower bound is arbitrary and ultimately a decision of
the user.

As well, we limited the allocation to each program using
an upper bound set as the product of the unit cost and the
maximum possible usage for each program. For example,
the upper bound to the condom distribution program is
set as the product of the cost per male condom distributed
and the maximum number of condoms that can poten-
tially be distributed by the clinic in a year. According to
the unit cost data in Table 3, the median cost per male

Finalized influence diagramFigure 5
Finalized influence diagram.
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condom distributed in sub-Saharan Africa is $0.12. In
2004, approximately 88,985 visits were made by patients
over the age of fifteen to the kwaDukuza PHC clinic.
Assuming that the maximum number of condoms that
can possibly be distributed is attained if every adult
patient picks up a package of ten condoms during their
visit, then 889,850 condoms is the maximum. Thus, the
upper bound to the condom distribution program is
889,850 condoms × $0.12 per condom = $106,782.

The background color of fields in the difference row is
highlighted in green when a program's share in the budget
should be increased to meet the optimal allocation. It is
highlighted in pink when a program's share should
decrease slightly, while it is highlighted in red when a pro-
gram's share should decrease by more than 10% relative
to the current allocation.

The optimal allocation suggests that condom distribution
and the wellness program should receive a greater share of
the available budget and the ART program should receive
a significantly smaller share. Since the average cost per
DALY saved for the condom distribution and wellness
programs is less than that of the remaining programs,
then allocating funds to condom distribution and well-
ness is a more efficient use of resources. For example, it is
more cost-effective to gain a DALY by spending $4.60 on
condom distribution rather than gain a DALY by spending
$55.56 on VCT (see Table 2). The total number of DALYs
gained according to the current allocation is 57,000 while
the optimal allocation yields a total of 104,000 DALYs,
representing an 83% increase in the number of DALYs
gained.

To demonstrate sensitivity analysis capabilities, we
increased the cost-effectiveness ratios for condom distri-

Priority setting as the approach used in Step 3Figure 6
Priority setting as the approach used in Step 3.
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Table 2: HIV/AIDS program cost per DALY saved as reported in the literature (US$ 2004)

HIV/AIDS cost-effectiveness studies

HIV/AIDS program Hogan (2005) Creese (2002) Badri (2006) Marseille (2002) Average cost per DALY saved

VCT $89.97 $21.16 - - $55.56
PMTCT $37.30 $7.72 - - $22.51

Treatment of STIs $20.85 $13.49 - - $17.17
ART - - $01 $370.20 $185.10

Wellness - $6.48 - - $6.48
Condom distribution2 - - - - $4.60

1 We used a value of zero because Badri et al. (2006) report that ART is cost-saving relative to a "no intervention" comparator (no-ART). 
According to this study, the yearly cost per person of a patient on ART is $1513 while is it $3520 for no-ART due to increased medical costs 
associated with the treatment of opportunistic infections. Further, the number of survival days is 1120 for a patient on ART and 510 days when a 
patient is not on ART. The resulting incremental cost-effectiveness ratio is negative indicating that ART is both less expensive and more effective 
than no-ART.
2 The cost per DALY saved for the condom distribution program is calculated by translating an averted infection into DALYs gained.

Equity as the approach used in Step 3Figure 7
Equity as the approach used in Step 3.
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Optimization as the approach used in Step 3Figure 8
Optimization as the approach used in Step 3.

Table 3: Unit costs of HIV/AIDS programs

Median unit costs by HIV/AIDS program in sub-Saharan Africa [41]

Condom distribution Cost per male condom distributed $0.12
Treatment of STIs Cost per STI treated in clinic $11.40

VCT Cost per person counselled and tested $21.61
PMTCT Cost per woman screened $8.00

Cost of ARV regimen per woman testing HIV+ $10.00
Cost per woman of six months of infant formula $69.60

Average unit costs HIV/AIDS program in sub-Saharan Africa(2004 US$) [41]

ART ARV first line (per patient yearly cost) $449.00
Labs for ARV monitoring (per patient yearly cost) $16.00

Wellness Prophylaxis of OIs (per patient yearly cost) $71.00
Treatment of OIs (per patient yearly cost) $415.00
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bution and wellness by 25% and 50%, respectively, and
decreased the cost-effectiveness ratios for the ART pro-
gram and the treatment of STIs by 10% and 50%, respec-
tively. This scenario causes a reordering of the
intervention ranking and optimal results suggest a greater
allocation to the treatment of STIs and a reduction in the
allocation to the wellness program. Results are shown in
Figure 9.

Step 4: Barriers and facilitators
The results of this step are described assuming that the
previous step was completed using the optimization
approach. The influence diagram shown in Figure 10 is a
replica of the results of Step 2. However, the program
nodes reflect the results of the optimal resource allocation
(Step 3). To complete this step we review the influence
diagram, identify the sources of disparity between the pro-
gram nodes and the influencing factors and make recom-
mendations to reduce these disparities. Our

recommendations are as follows. We highlight three of
the most important influencing factors, although others
may exist.

First, donors and advocacy groups promote the ART pro-
gram while the optimal resource allocation suggests that
funding be reallocated from the ART program to condom
distribution and wellness. Therefore, donors and advo-
cacy groups act as barriers to the optimal solution. We rec-
ommend improved communication between the clinic
and its donors that is assisted by the model's results. Using
the model, the clinic can support the argument that
donors may improve their return on investment by reallo-
cating some funds to condom distribution and wellness.
In addition, we recommend the clinic invite the advocacy
groups to review and discuss the outcome of S4HARA. As
shown in Figure 10, ethical considerations bear a positive
influence on the ART program and in part, these consider-
ations motivate advocacy groups to lobby for the ART pro-

Sensitivity analysis on Optimization as the approach used in Step 3Figure 9
Sensitivity analysis on Optimization as the approach used in Step 3.
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gram. As such, it is unlikely that advocacy groups would
reduce their appeal for ARTs on the basis of an optimal
allocation. However, given their clout and impact in the
community, they may agree to advocate for condom use
and access to the wellness program in addition to the ART
program.

Second, NGOs and the local community have a positive
influence on the wellness program and are a facilitator to
the objective set by the optimal solution. In kwaDukuza,
several NGOs including faith-based organizations and
community-based organizations have formed a network-
ing forum which meets on a regular basis to share experi-
ences and successes. To take advantage of these
facilitators, we recommend that a representative from the
clinic attend a meeting of the networking forum to present
the benefits of the wellness program and ask the organiza-
tions to refer HIV positive patients to the program.

Third, culture is an important negative influence on con-
dom distribution. Currently, condoms are distributed by
making them available in public areas of the clinic but
embarrassment acts as a barrier and limits access to con-
doms. According to the situation analysis, at most 5% of
adult attendees to the clinic took a package of condoms.
We recommend that the clinic change the condom distri-
bution policy from a "pull" system to a "push" system.
That is, we suggest that health care workers at the clinic
hand packages of condoms to all the adult clinic attendees
rather than rely on them to pick them up.

Discussion
We developed S4HARA, a system which differentiates
itself from traditional resource allocation models in that it
combines the results of a rational model to the non-quan-
tifiable factors that affect allocation decisions. S4HARA's
comprehensive solution is favourable to the formulation

Barriers and facilitatorsFigure 10
Barriers and facilitators.
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of recommendations for improving HIV/AIDS resource
allocation. These recommendations are grounded in the
cultural, social and political context, and thus are more
likely to be adopted than recommendations derived from
traditional approaches that ignore these non-quantifiable
factors.

The kwaDukuza PHC clinic could improve the allocation
of resources to HIV/AIDS programs and maximize popu-
lation health by taking the following actions: meet with
donors and advocacy groups to promote condom distri-
bution and wellness programs, meet with the NGO net-
working forum of kwaDukuza to increase referrals to the
wellness program, and change the condom distribution
policy from a "pull" system to a "push" system. These rec-
ommendations are the main output of applying S4HARA
to the kwaDukuza PHC clinic using optimization as the
rational resource allocation model in Step 3.

Decision-making for HIV/AIDS resource allocation occurs
at the several levels including that of the institution and of
health systems. S4HARA is designed to support decision-
making at the institutional level because at that level it is
easier to identify and manage factors that act as barriers or
facilitators to an improved resource allocation process.
Further, resource allocation strategies at the lower level
have a greater impact on overall health outcomes in a two-
level resource allocation framework [12]. These results are
similar to those obtained elsewhere [44].

Microsoft Excel version 2000 or above is the only software
requirement for running S4HARA. However, this require-
ment may not be met in some low-income settings where
there is limited access to computers. In this case, a printed
workbook version of S4HARA could be developed. In this
case, the resource allocation method chosen would likely
be priority setting or equity as these approaches requires
the least data.

S4HARA has several limitations. First, the recommenda-
tions drawn from Step 4 are susceptible to variability in
the data, particularly the cost-effectiveness information as
it drives the optimal allocation of resources. For example,
if the cost of administering ART were to reduce dramati-
cally, the intervention program would have greater prior-
ity in the optimal allocation of resources. Though
sensitivity analysis helps assess the impact of data varia-
tions and the robustness of the recommendations. Sec-
ond, the optimization model in Step 3 assumes that costs
and outcomes are a linear function of amount allocated to
a program. This assumption is restrictive given the non-
linear behavior that epidemic growth curves reveal over
time. However, the optimization method chosen in
S4HARA is simple and when used over relatively short
time horizons provides a piecewise linear approximation

of the underlying nonlinear relationship. Also, we pre-
sented S4HARA using one possible definition of equity.
However, S4HARA is a flexible spreadsheet-based model,
so the user could redefine equity allocation according to
different criteria as needed. Lastly, S4HARA does not yield
an automated solution as to how HIV/AIDS resource allo-
cation can be improved upon. Rather, S4HARA helps deci-
sion-makers structure the problem. Their knowledge and
experience with the institution, the targeted population
and with HIV/AIDS program funding is mandatory to
envision and conceive of the recommendations intended
to improve the allocation.

Future directions for this research includes field testing of
S4HARA and the development of detailed user documen-
tation. In addition, S4HARA can be enhanced to consider
the allocation of resources to new HIV/AIDS programs
that are not currently funded.

This work is novel in its application of both rational mod-
eling and empirical evidence to create a pragmatic
approach to HIV/AIDS resource allocation. S4HARA com-
bines quantitative and qualitative methods, and aims to
increase the influence of models on the development of
health funding policies, an issue not unique to financing
HIV/AIDS in endemic areas. Though S4HARA has been
designed to focus on HIV/AIDS resource allocation in
resource-poor settings, the system could easily be adapted
to other diseases in other settings. Generalizing the overall
approach suggested to other health care settings could
yield important benefits for research in resource alloca-
tion methods. We view the proposed system as a first step
aimed at bridging the gap between resource allocation
theory and policy practice.

Appendix
Mathematical formulation of the optimization model
In the optimization model, we aim to maximize the
cumulative number of DALYS gained by allocating funds
to the intervention programs considered. Let xi be the
amount invested in intervention i. Let ci be cost-effective-
ness ratio of intervention i expressed in $ per DALY
gained. The optimization model is written as follows:

xi ≤ maxi ∀i (3)

xi ≥ mini ∀i (4)

Max x i i

i
i

x c
′ ∑ / (1)

subject to : x Bi

i

≤∑ (2)
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The decision variables xi represent the amounts allocated
to the intervention programs. B is the total budget con-
straint. The allocated amounts are constrained by a maxi-
mum investment, in (3), and by a minimum investment
in (4) where it is assumed that mini ≥ 0. This linear opti-
mization model is equivalent to a knapsack problem and
is easily solved [39].

Estimating the HIV/AIDS program budget
To begin, we estimate the kwaDukuza PHC clinic HIV/
AIDS program budget for the year 2004 using method
"A". We then estimate the kwaDukuza PHC clinic HIV/
AIDS program budget for the year 2004 using method "B"
and compare the result to that of method "A".

Method "A"
Unit costs of HIV/AIDS programs are derived from a
recent study of the impact of scaling up HIV/AIDS inter-
vention programs in low- and middle-income countries
[41]. They are reproduced in Table 3.

To estimate the kwaDukuza PHC clinic HIV/AIDS pro-
gram budget for the year 2004, we sum the expenditures
on the different HIV/AIDS programs offered at the clinic.
Spending on an HIV/AIDS program is the product of the
program utilization rate and the unit cost of the program.

Annual data on HIV/AIDS program utilization at the
kwaDukuza PHC clinic for the year 2004 were obtained
from clinic nurses and the information officer for the
municipality of kwaDukuza. Table 4 shows the annual
spending by program and a total estimated HIV/AIDS pro-
gram budget of $715,923 (2004 US$).

Method "B"
In South Africa, there are four levels of government:
national, provincial, district and municipal. The province
of kwaZulu-Natal is comprised of ten districts including
the iLembe District. The municipality of kwaDukuza is
one of four local municipalities in the iLembe District.

In order to validate the total budget estimated using
method "A", we use method "B" to estimate the HIV/AIDS
budget and compare the outcomes. Method "B" consists
of allocating part of the provincial HIV/AIDS budget to
the kwaDukuza PHC clinic according to equity criteria.

We gather HIV/AIDS spending data for province of kwa-
Zulu-Natal (KZN), then estimate the total provincial HIV/
AIDS budget for the fiscal year 2004–2005 at $71 million,
see Table 5.

Table 5: 2004/2005 HIV/AIDS budget for the province of kwaZulu-Natal (KZN)

HIV/AIDS budget 2004–05 (×1000 2004 US$)

KZN Department of Health $54,125 [47]
KZN Department of Education $4,504 [48]

KZN Department Social welfare $2,024 [47]
Foreign assistance (Global Fund) $10,549 [47]

Total $71,202

Table 4: 2004 Estimated annual HIV/AIDS program budget at the kwaDukuza PHC clinic

HIV/AIDS Program Program utilization rate 2004 estimate3 Program unit costs [41] Current annual spending

Condoms Number of condoms distributed 46,640 $0.12 $5,597
Treatment of STIs Number of patients seen for STIs 4,741 $11.40 $54,047

VCT Number of patients counselled 1,728 $21.61 $37,342
PMTCT Number of patients counselled 2,840 $20.994 $59,617

ART Number of patients on ART 540 $465.00 $251,100
Wellness Number of distinct patients seen5 2,440 $126.326 $308,220

Total HIV/AIDS program spending $715,923

3 2004 data supplied by the iLembe District Health office
4 Of the total number of patients counseled and tested for PMTCT, 29% received a regimen of Nevirapine, see Table 1. According to a clinic nurse 
in charge of the PMTCT program, the uptake of infant formula is 50%; the remaining women are advised to breastfeed exclusively for 6 months. 
Therefore, the unit cost for PMTCT is: (8.00 + (0.29*10.00) + (0.29*0.50*69.60)) = $20.99
5 In 2004, there were a total of 124,281 visits to the kwaDukuza PHC but the population targeted by the clinic is estimated at approximately 61,000. 
Therefore each person in the target region visited the clinic an average of two times in the year 2004. Further, 4,880 patients were seen in the 
wellness program in 2004, see Table 1. The unit costs for wellness in Table 3 are estimated on a per patient basis; thus we refer to the number of 
distinct patients seen in the wellness program (4880 visits ÷ 2 visits per patient = 2440 distinct patients).
6 The unit cost of treatment of OIs in Table 3 is estimated on a per patient lifetime basis. We assume the average number of life years remaining is 
7.5 years. Therefore the yearly unit cost of the wellness program is: (71.00 + (415 ÷ 7.5)) = $126.32
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The population of kwaZulu-Natal is estimated at 9.5 mil-
lion while the population of the district of iLembe is esti-
mated at 577,000, or approximately 6% of the total
[45,46]. If the HIV/AIDS budget for kwaZulu-Natal is allo-
cated to the districts proportionally to their population,
then district of iLembe's share of the budget would be 6%
of $71 million or approximately $4.3 million.

There are 25 primary health care clinics in the district of
iLembe, each delivering HIV/AIDS programs. In 2004, a
total of 1,088,546 patients visited these clinics, and 11.4%
of those visits were made at the kwaDukuza PHC clinic. If
the HIV/AIDS budget for district of iLembe is allocated to
the primary health care clinics in the district kwaDukuza
PHC clinic proportionally according to the number of vis-
its, then the kwaDukuza PHC clinic's share of the budget
would be 11.4% of $4.3 million or approximately
$494,000. However, this estimate excludes $251,100 in
expenditures for the ART program because the program is
managed through a nearby hospital (see Table 4). There-
fore, we adjust the estimated kwaDukuza PHC clinic
budget by adding the annual spending on the ART pro-
gram (Table 4). The adjusted HIV/AIDS budget estimate
for the kwaDukuza PHC clinic is $745,100.

The HIV/AIDS budget estimate for the kwaDukuza PHC
clinic using method "A" is approximately $716,000 while
it is $745,000 using method "B". We conclude that the
initial method used is valid in estimating the 2004 annual
HIV/AIDS budget for the kwaDukuza PHC clinic.

Maximum allocation to a program
The maximum annual allocation to each of the HIV/AIDS
programs is the product of the maximum number of peo-
ple that can potentially be reached and the unit cost of the
program. Unit costs are defined in Table 3. The maximum
annual allocation to the programs offered at the
kwaDukuza PHC clinic are defined in Table 6.
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