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Objectives: The objective of this study was to determine the financial incentives that
companies have to treat HIV-infected employees, in a health care services company in
Kampala, Uganda.

Design: Cost–benefit analysis from the company’s perspective of three interventions to
treat HIV-infected employees.

Methods: The costs and benefits of each intervention were compared with no inter-
vention and with each other: cotrimoxazole prophylaxis (CTX) starting at WHO stage 2;
highly active antiretroviral therapy (HAART) plus CTX starting at WHO stage 2; and a
‘hybrid’ strategy that begins with CTX at WHO stage 2 and later includes HAART. The
5-year health and economic outcomes were calculated using a Markov model. Inputs
for disease progression rates and effects of HIV on company costs were derived from
published and unpublished data and a survey administered to company officers.

Results: The analysis showed that the ‘hybrid’ intervention is the most cost-effective.
For 100 skilled employees it would save the company US$ 38 939 and 73 disability
adjusted life-years (DALYs). For unskilled workers ‘CTX’ is the most cost effective and
would saveUS$ 16 417 and 60 DALYs. ‘Hybrid’ has an incremental cost-effectiveness
ratio of US$ 45 per DALY for unskilled workers whereas HAART is far less economical
at an incremental cost per DALY of US$ 4118. For ‘CTX’, net savings are preserved
across the full range of input values.

Conclusion: A ‘hybrid’ intervention combining CTX prophylaxis followed by HAART
would generate savings to a Ugandan company. Governments and other donors may
find opportunities to share costs with the private sector as part of their phase-in strategy
for antiretroviral therapy. � 2006 Lippincott Williams & Wilkins
AIDS 2006, 20:907–914
Keywords: HIV, AIDS, Africa, private sector, cost–benefit analysis,
antiretroviral therapy, trimethoprim–sulfamethoxazole

combination/therapeutic use
Introduction

HIV/AIDS incapacitates people in their most productive
years. Currently, one in 12 sub-Saharan African workers
is infected and in some businesses the rate is one in three
[1]. In Cameroon and Kenya, economic growth may be
slowed by up to 25% for a period of 20 years [2,3]. In
1999, a Zimbabwean transport company estimated that
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HIV-related costs are equivalent to 20% of its profits [4].
Uganda Railways has lost about 5600 employees to AIDS
and has an elevated labor turnover rate of 15% annually.
The medical and funeral expenses of another Ugandan
company doubled in a single year [5]. A well-documented
study of laborers at a Kenyan tea plantation found that
productivity declined with time before death from AIDS
and that in the 12 months prior to death from AIDS,
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absenteeism increased 87%, days on ‘light duty’ increased
66% and the weight of tea plucked per working day
declined by 17% compared with HIV-uninfected workers
[6].

The economic consequences of the HIV epidemic is a
growing concern, yet access to HIV treatment is below
the levels needed in sub-Saharan Africa [7]. Many
effective treatments, especially antiretroviral drugs, are
perceived to be unaffordable by most payers. However,
some companies in southern Africa have implemented
policies to treat infected employees [8–10]. According to
a 2003 survey of 216 randomly selected large businesses in
Uganda, Tanzania, Zambia and Kenya, 17% provide some
level of antiretroviral drug therapy to their employees and
their family members [11].

Given the important role that employers can play in
funding HIV care, it is useful to examine their economic
incentives for doing so. In some situations, companies
may advance their own financial interests while promot-
ing the public’s health, without changes to existing
programs or treatment prices. In other situations,
subsidies may be needed to encourage participation.
This article begins to address the question, ‘Can
corporations in sub-Saharan Africa save money by
providing treatment for HIV/AIDS to their infected
employees?’ For service sector companies with financial
characteristics similar to the one examined here, we find
that the answer is ‘yes’.
Methods

We used cost–benefit and cost-effectiveness analysis
conducted from the perspective of a Ugandan corpor-
ation, to estimate net costs for three pharmaceutical
regimens: cotrimoxazole prophylaxis (CTX) initiated at
the onset of WHO stage 2; highly active antiretroviral
therapy (HAART) with CTX at the onset of WHO stage
2, and a hybrid strategy that begins with CTX at WHO
stage 2 and later includes HAART. We modeled HIV
disease progression and HIV-related incremental costs for
each intervention and for no ongoing therapy over 5
years. In ‘no ongoing therapy’ patients receive neither
CTX prophylaxis nor HAART, but may receive episodic,
largely symptom-based treatment of opportunistic infec-
tions. In order to compare results for low and for high
compensation levels, we completed the analysis for
hypothetical cohorts of 100 skilled and 100 unskilled
workers. The ‘base case’ used the best estimates of
input values derived from published data, unpublished
reports, and a survey administered for this study.
Sensitivity analyses identified the effect of variations
in the values of key base case inputs. We projected base
case outcomes over 5 years and discounted at 3% annually
[12].
pyright © Lippincott Williams & Wilkins. Unautho
Description of interventions and
their effectiveness
Cotrimoxazole prophylaxis
CTX prophylaxis is recommended by UNAIDS for wide
administration to symptomatic HIV-infected adults and
children in Africa [13]. Standard dosing consists of two
single-strength or one double-strength daily dose where a
single-strength dose is trimethoprim–sulphamethoxazole
800 mg/160 mg.

A double-blind, randomized trial of CTX prophylaxis
provided to 454 stage 2 and 3 HIV-infected patients in
Abidjan, Cote d’Ivoire found that the treatment group
had 43% [95% confidence interval (CI), 25–57%], lower
incidence of severe clinical events than did a placebo
group [14]. A recent trial from Uganda found a mortality
reduction of 46% over 1.5 years of follow-up [15].
Combining data on reported efficacy by CD4 strata in the
Cote d’Ivoire study and on the joint distribution of CD4
cell count levels and WHO stages, we estimated CTX
efficacy defined as the proportionate reduction in
progression to more severe WHO stages of 54.0, 37.5
and 25% for stages 2, 3 and 4, respectively.

Highly active antiretroviral therapy
We define this intervention as HAART and CTX, both
started at stage ‘2A’. We previously reviewed the effect
of HAART on the progression of HIV disease in the
developed world. Based on 21 studies published between
1996 and 1998, we estimated a 95% reduction in
progression from HIV to AIDS, estimated from viral load
suppression data, and an 85–90% reduction in pro-
gression to death, from clinical endpoint data [16]. This is
in general agreement with results from the more recent
EuroSIDA study group, which found a 94% reduction
in deaths (range, 88–98%) [17]. In extrapolating to
Africa, we use a conservative value of 85% reduction in
progression to AIDS and to death. We assume that each
year 15% of individuals remaining on HAART need to
change to a second-line regimen, due to virologic
failure, or adverse reactions. This is comparable with
clinical trials, but not verified in clinical practice in Africa
[18–21].

‘Hybrid’ strategy
We also defined an intervention strategy that combines
CTX early in disease and adds HAART as symptoms
worsen. Specifically, CTX is started at the beginning of
stage ‘2A’ (i.e., mild symptoms) and HAART is started at
the beginning of stage ‘2B’ (i.e., moderate symptoms,
with 1–2 lost days of work per month). The justification
for this strategy is threefold. First, it is consistent with
recommendations for earlier initiation of CTX than
HAART in resource-poor settings [22]. Second, it delays
HAART to a stage of illness when it is likely to yield
significant clinical benefits. Third, HAART initiation is
early enough to prevent work disability (which occurs
with onset of stage 3 due to such symptoms as weight loss,
rized reproduction of this article is prohibited.
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prolonged fever, severe bacterial infection, chronic
diarrhea or being bedridden up to 50% of the day) [23]

Description of model
We calculated health and economic outcomes using a
Markov transition state model programmed in Excel
(Microsoft Corporation, Redmond, Washington, USA)
by the authors. The model uses monthly cycles over a 60-
month period. Natural history data from seropositive
individuals in a survey in rural southwest Uganda
beginning in 1989–1990 served as benchmarks to
calibrate our model [24]. We assumed that of 100
HIV-positive employees at program onset, 90 are
asymptomatic (WHO stage 1) and 10 are symptomatic
(WHO stage 2). Therapy, consisting of CTX prophylaxis
in the CTX and ‘hybrid’ interventions, and HAART for
the HAART intervention, is initiated at the onset of
symptoms, namely in stage ‘2A’. In the base case, the
company provides therapy only until the patient is
disabled and the costs of treatment following disability are
borne by another entity such as the government or a non-
governmental organization. For untreated patients,
disability occurs in WHO stage 3 since at this stage
patients experience moderate symptoms and may be in
bed for up to 50% of daytime hours. We subdivided
WHO stages 2 and 3 to portray the timing of disability
onset and of treatment strategies more flexibly. The new
stages (e.g., 2A and 2B) have characteristics in the
aggregate consistent with the original stage (e.g., 2); there
are lower medical costs, absenteeism, and disutility in the
‘A’ than in the ‘B’ sub-stage. Monthly transition pro-
babilities used in our model generated outcomes that fell
within the 95% confidence intervals for all benchmarks.
(A Technical Appendix that is available on request from
the corresponding author provides details).

Medical costs, absenteeism, and disutility are a function of
treatment regimen and stage. These three outcomes are
reduced in parallel, since they are functionally inter-
related and we could find no empirical basis otherwise.
For HAART, the reduction in non-HAART medical
costs and other outcomes is 85%, which is the efficacy of
HAART in reducing disease progression. For CTX, the
reductions are larger late in disease, due to the higher risks
of opportunistic infections. For the ‘hybrid’ strategy,
reduction depends on which of the two treatments is in
place.

Treatment both slows progression to later stages and
reduces symptoms and disability within each stage. For
CTX, disability is delayed from the onset of stage 3 to the
onset of stage 3B. For HAART, disability is delayed until
the onset of stage 4.

Costs
Costs are assigned to each month that an employee resides
in one of the possible disease stages. All costs are given in
2005 US dollars.
opyright © Lippincott Williams & Wilkins. Unauth
Cost of CTX: drug and monitoring. A single-strength
dose of CTX costs US$ 0.0714 [25]. For the recom-
mended regimen consisting of two daily doses, the cost is
US$ 5.21 per patient-year. In accordance with UNAIDS
guidelines, we assume follow-up once a month for the
first 3 months [26]. However, rather than quarterly visits
thereafter as recommended by UNAIDS, we calculated
costs assuming biannual visits as this is in keeping with
the Médecins Sans Frontières monitoring regimen for
HAART.

Cost of HAART: drugs and monitoring. Due to its low
cost and clinical appropriateness we modeled the WHO
pre-qualified regimen containing nevirapine 200 mg at
US$ 77 per patient-year (Hetero, Hyderabad, India), and
zidovudine 300 mg plus lamivudine 150 mg in a fixed-
dose combination pill at US$ 182 per patient-year (Cipla,
Mumbai, India), for a total annual cost of US$ 259 [27].
Second-line HAART-protease inhibitor (PI) therapy
consists of nelfinavir 250 mg at US$ 978 per patient-
year (Roche, Basel, Switzerland), stavudine 30 mg at
US$ 21 (Hetero), and didanosine 100 mg at US$ 310
(BMS, New York, New York, USA), for a total of
US$ 1309 per patient-year [27]. In the revised 2004
guidelines, WHO does not include regular CD4þ or
viral load tests as recommendations [28]. This analysis
adopts the monitoring regimen evaluated by Médecins
Sans Frontières, Khayelitsha, South Africa [29]. In this
trial, efficacy was monitored by viral load (HIV RNA)
and CD4þ T-cell tests every 6 months. These tests cost
US$ 30.00 and US$ 5.00 per test respectively [30–32].

HIV-related medical care costs. The increase in annual
medical care costs due to HIV was US$ 1020 per infected
employee. We assume that medical care costs unrelated to
the provision of HAART for those on HAARTwould be
15% of the amount spent on those in standard care for em-
ployees in the same stage of illness because of the 85% lower
incidence of opportunistic infections in the treated group.
For CTX-only we assigned a cost reduction of 39–54%,
varying by stage of illness, and also echoing its clinical
effectiveness. (See the Technical Appendix for details.)

Annual days of absenteeism due to HIV. Absenteeism
contributes to lost productivity by disrupting work
processes, under-utilizing equipment, and requiring the
use of temporary staff [33]. We assume that the number of
absent days for employees receiving HAART is 15% of
the number for those receiving no ongoing therapy and
reduced by 39–54% for those on CTX, the same
difference as we used for medical costs for those in the
same disease stage. Upon entering stage 3B, employees
receiving CTX only are disabled, and absenteeism is no
longer a factor. (See Technical Appendix for details.) The
company reported a range of absenteeism of from 5 to 20
days per year for all employees and we adopted a mid-
range base-case estimate of 12.5 days per year. A study of
a cohort of male sugar cane workers in South Africa
orized reproduction of this article is prohibited.
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suggested 28 days absent per year and we used this
estimate for the upper end of our estimate range [34]

Funeral expenses and death benefit payments. The
company pays US$ 303 as reimbursement for funeral
costs and US$ 1515 and US$ 2517 for unskilled and
skilled workers, respectively, as a lump-sum death benefit.

Outcome measures
The analysis focused on six outcome measures, projected
to 5 years.

Health outcomes
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Company financial data
We developed a survey instrument with 25 questions
pertaining to wages and other compensation, absenteeism
and disability rates in HIV-infected individuals, re-hire
rates, training costs, funeral expenses, death benefits, and
companies’ current outlays for treatment of HIV-infected
employees. We administered the survey to seven
companies based in Kampala, to the personnel manager
or human resource officer, who consulted files as
necessary. We selected companies exceeding 50 employ-
ees that were willing to respond to questions regarding
HIV. To encourage full disclosure, anonymity was offered
to all respondents. Six companies had insufficient records
on HIV-related expenditures and lost productivity. Thus,
we concentrated our efforts on a single medical services
company with annual revenues of US$ 5.7 million
referred to here as ‘Health Care Company’.

All model input values and ranges and data sources, are
displayed in Table 1. All costs represent incremental
resources occasioned by the interventions.
d reproduction of this article is prohibited.

Base case
estimate

Range in input
values

Data
sources

Stage 2: 54% 65–135% of
base-case values

[14,15]
Stage 3: 37%
Stage 4: 25%

85% 75–95% [20,21]
) 15% 10–20% [18,19,36,37]

259 130–389 [38]
1309 655–1964 [38]
5.21 2.60–7.82 [25]
15.20 – [39]

(US$) 6.23 3.11–9.34 a,b

(US$) 35 17.50–52.50 [30–32]

10 0–20 NA
4178/2507 – Survey

3% 1–5% [12]
12.5 5–28 Survey; [34]

75 / 50 38–113 / 25–75 Survey
482 / 289 241–723 / 144–433 Survey

2820 / 1818 1410–4230 / 909–2727 Survey

1020 510–1530 Survey
1.0 0.50–1.50 Authors’

construction

e Company’, Kampala, 2001.
Nsambya Hospital, Kampala, 2001. Ranges are used in sensitivity
skilled. All local costs are converted to US dollars at the rate of
rice index. Source: US Bureau of Labor Statistics, 2005. http://
ive antiretroviral therapy; CTX, cotrimoxazole; NA, not available.
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Sensitivity analyses
Using Crystal Ball software (version 7.2; Decisioneering,
Denver, Colorado, USA), we conducted univariate and
multivariate sensitivity analyses to assess the impact of
input value uncertainty on results. Input parameters were
assigned symmetrical beta distributions and plausible
ranges, in most cases from 50 to 150% of base-case values.
We conducted a Monte Carlo simulation using 100 000
trials to account for the aggregate uncertainty from all
varied inputs, thus estimating the overall probability that
results fall within specified ranges.

The Technical Appendix (available on request from the
corresponding author) provides additional details on
model design, company costs, and methods for estimating
intervention costs and effectiveness.

Role of the funding source and conflict of
interest statement
Employees of Axios, one of the funding sources,
participated in the design, data collection and inter-
pretation for this report. All authors had full access to the
data in the study, and the corresponding author had final
responsibility for the decision to submit for publication.
We declare that we have no conflict of interest.
Results

Base-case outcomes
Health outcomes
Over 5 years, the CTX, ‘hybrid’ and HAART
interventions would avert 15, 36 and 37 deaths,
respectively, compared with no ongoing therapy. CTX
would add 60 discounted DALYs. ‘hybrid’ and HAART
would add 133 and 138 discounted DALYs respectively
(Table 2).
opyright © Lippincott Williams & Wilkins. Unauth

Table 2. Five-year health outcomes and incremental costs for three emp

No

Health outcomes
AIDS mortality
Deaths averted
DALYs
DALYs saved

Costs
Skilled workers

Intervention costs (US$)
Other company HIV-related costs (US$) 312
Company HIV-related costs plus intervention costs (US$) 312

Unskilled workers
Intervention costs (US$)
Other company HIV-related costs (US$) 205
Company HIV-related costs plus intervention costs (US$) 205

Deaths, disability adjusted life-years (DALYs) and costs are adjusted to 2005
ongoing therapy’ groups each consist of 100 employees. HAART, highly a
Costs
At US$ 5537, CTX would be less costly than either
‘hybrid’ at US$ 93 113 or HAART at US$ 136 026.
‘Hybrid’ would be the least costly at US$ 227 732 over 5
years for skilled workers. For unskilled workers, CTX at
US$ 189 073 would be the least costly (Table 2).

Table 3 displays the HIV-related costs for each interven-
tion. In comparison with no ongoing therapy, CTX
would increase overall absenteeism and medical care costs
for both skilled and unskilled workers (by extending life
with ongoing morbidity) while substantially reducing
other productivity losses and death benefit payments.
‘Hybrid’ and HAARTwould reduce company costs for all
categories of HIV-related expenses.

Cost–benefit and cost-effectiveness outcomes
Using ‘no ongoing therapy’ as the first comparator,
Table 4 shows the incremental costs and benefits of each
intervention arrayed by increasing effectiveness. For
skilled workers ‘hybrid’ would be the most cost-effective
option. It was superior to CTX as the latter was found to
be both US$ 38 939 higher in net costs compared with
‘hybrid’ and to generate 73 fewer DALYs. In comparison
with ‘hybrid’ HAART would add about 5 DALYs, at an
added cost of US$ 14 037 or US$ 3008 per DALY.

For unskilled workers CTX would generate savings of
US$ 16 417 and 60 additional DALYs. ‘hybrid’ would be
the next most cost-effective, at an incremental cost of
US$ 45 per DALY. HAART would be the least cost-
effective option, at US$ 4118 per DALY gained.

Sensitivity analyses
Univariate sensitivity analyses
‘Hybrid’ for skilled workers was found to be most
sensitive to the level of HAART and CTX efficacy and
the cost of second-line antiretroviral drugs. It would be
orized reproduction of this article is prohibited.

loyer-provided HIV/AIDS treatment regimens.

ongoing therapy CTX ‘hybrid’ HAART

47.5 32 11 10
0 15 36 37

472 532 605 610
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0 5537 93113 136026
797 261134 134619 105743
797 266671 227732 241769
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Table 3. Effects of three interventions on a company’s HIV-related costs (US$).

Absenteeism
Other lost

productivity and disability
Medical care

costs
Death

benefits
Intervention

costs Total costs

Skilled workers
No ongoing therapy 12983 105229 60343 134242 0 312797
CTX 18277 72412 78557 91887 5537 266671
‘Hybrid’ 12957 35832 53518 32311 93113 227732
HAART 9117 31489 36680 28457 136026 241769

Unskilled workers
No ongoing therapy 7790 50846 60343 86511 0 205490
CTX 10966 34796 78557 59216 5537 189073
‘Hybrid’ 7774 17099 53518 20823 93113 192327
HAART 5470 15029 36680 18339 136026 211544

‘Other lost productivity and disability’ refers to productivity loss during the time required to hire replacement employees; temporary lower
productivity of new hires; and disability payments to those who become unable to work due to HIV/AIDS. All costs are adjusted to 2005 US dollars
and discounted at 3% annually. HAART, highly active antiretroviral therapy; CTX, cotrimoxazole.

Table 4. Incremental costs, disability adjusted life-years (DALYs) gained and cost-effectiveness ratios for three therapeutic options presented in
increasing order of cost for 100 unskilled and for 100 unskilled workers.

Costs (US$)
Incremental
cost (US$) DALYs

Incremental
DALYs

Incremental
US$/DALY

Skilled workers
No ongoing therapy 274163 0 517 0 NA
CTX 266671 (7493) 532 15 Cost saving
‘Hybrid’ 227732 (38939) 605 73 Cost saving
HAART 241769 14037 610 5 US$ 3008

Unskilled workers
No ongoing therapy 205490 0 472 0 NA
CTX 189073 (16417) 532 60 Cost saving
‘Hybrid’ 192327 3255 605 73 US$ 45
HAART 211544 19216 610 5 US$ 4118

Figures in the columns labeled ‘incremental’ are in comparison to the figures in the previous row. Costs and DALYs are adjusted to 2005 US dollars
and discounted at 3% annually. HAART, highly active antiretroviral therapy; CTX, cotrimoxazole.
cost-saving across the full range of values explored
(Fig. 1). For unskilled workers, the results for ‘hybrid’
were most sensitive to the cost of second-line HAART
drugs and efficacy of HAART (figure not shown).
pyright © Lippincott Williams & Wilkins. Unautho
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range of input values. Costs became positive when the
proportionate decrease in medical care cost, absenteeism,
and disutility decreased by 18% or more below the values
implied by CTX efficacy; or when the efficacy of CTX
fell below 84% of its base case value (figure not shown).
CTX was more cost-effective with skilled than with
unskilled workers and generated net savings across the full
range of input values. The results were most sensitive to
CTX efficacy.

Multivariate sensitivity analysis
Varying all input parameters simultaneously, we found for
the ‘hybrid’ intervention for skilled workers, that there
was a 95% probability of results ranging from savings of
US$ 95 206 to net costs of US$ 27 367 in comparison
with CTX. The overall probability of saving money was
87.6%. For unskilled workers, the 95% CI for the costs of
CTX ranged from savings of US$ 61 670 to a cost of
US$ 28 739. For ‘hybrid’, the 95% CI ranged from
savings of US$ 39 965 to a cost of US$ 59 195. The
probability of savings for unskilled employees over 5 years
was 76.2% for CTX and 40.3% for ‘hybrid’.

Scenario analyses
In a 10-year time frame, cost-effectiveness declined
somewhat. None of the interventions saved money for
either skilled or unskilled workers. For skilled workers,
CTX would cost US$ 17 851 compared with no ongoing
therapy and have a cost-effectiveness of US$ 110 per
DALY. ‘Hybrid’ and HAART had incremental cost-
effectiveness ratios of US$ 109 and US$ 1233 per DALY
respectively. Thus, ‘hybrid’ remained the most cost-
effective option for skilled workers. For unskilled workers
CTX, ‘hybrid’ and HAART would have incremental
cost-effectiveness ratios of US$ 225, US$ 350 and
US$ 1676 per DALY, respectively. If we assume that
the cost of the first line HAART regimen remained at
US$ 259 per person-year, and the cost of the second-line
HAART regimen dropped by 50%, to US$ 655, both
‘hybrid’ and HAART would revert to savings for skilled
workers. In this scenario HAART would be somewhat
more cost-effective than ‘hybrid’ with an incremental
saving of US$ 1105 accompanied by an additional 20
DALYs. For unskilled workers the incremental costs per
DALY were US$ 225, US$ 55 and US$ 387 for CTX,
‘hybrid’ and HAART, respectively. Thus, for unskilled
workers ‘hybrid’ would be the most cost-effective option
assuming reduced costs for second-line antiretroviral
drugs and a 10-year time frame.
Discussion

This analysis suggests that enterprises similar to Health
Care Company in Uganda and elsewhere in Africa may
save money by treating HIV-infected employees with
CTX prophylactic therapy or with a ‘hybrid’ regimen in
opyright © Lippincott Williams & Wilkins. Unauth
which employees start on CTX when they become
symptomatic and add HAART as symptoms worsen. For
skilled workers ‘hybrid’ would be the most cost-effective
option. For unskilled workers, although ‘hybrid’ would
no longer be cost-saving, at US$ 45 per DALY companies
may find ‘hybrid’ the preferred approach. This is
especially probable in view of the detrimental effect on
morale of a system in which higher wage employees
receive more effective care than those earning less.

The results are sensitive to the cost of antiretroviral drugs,
the factor most liable to change in the short term. If the
cost of the second-line regimen fell to the current cost of
the first line regimen, ‘hybrid’ would save US$ 91 542
and US$ 49 349 for skilled and unskilled employees,
respectively, in an incremental comparison with CTX.

We are aware of no other comprehensive published
analyses of the financial consequences of HIV treatment
by firms in Africa. However, this study examined data
from only one firm. Although this is a significant
limitation, sensitivity analyses indicate that the results are
robust to wide variations in key characteristics of the firm.
The most important drivers of cost-effectiveness are not
the characteristics of the firm, but the efficacy of HAART
and CTX, and the cost of second-line HAART drugs.
This leaves unanswered the important question of what
proportion of firms in sub-Saharan Africa could afford the
interventions assessed here. A useful extension of this
analysis would be to identify which business sectors and
geographic settings have a high portion of firms for which
the CTX and ‘hybrid’ intervention would be cost-
effective. Completing such a census would be an
important step forward in estimating the overall cost of
a subsidy required to assist the remaining firms in making
treatment available to their workers.

This analysis does not examine the consequences of
strategies that employers might adopt to limit or shift their
HIV-related costs [40]. These include laying-off infected
employees, contracting out of previously in-house jobs,
sero-testing and subsequent screening out of HIV-
positive job applicants, and reducing the medical and
other benefits available to infected employees. These
practices are may be unethical and are illegal in many
countries. Finally, companies may reduce their HIV-
related costs by replacing only a fraction of their lost
employees as part of a ‘down-sizing’ strategy, or by
substituting capital for labor.

Companies in sub-Saharan Africa with HIV-related
liabilities similar to the company described here may
begin the provision of ‘hybrid’ therapy to their employees
with a high degree of confidence that, in comparison
with doing nothing they will benefit both their
employees and their bottom line. Governments and
external donors, having decided to implement antire-
troviral drug treatment programs, should consider
orized reproduction of this article is prohibited.
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including private enterprises, since there are potential
opportunities for cost-sharing. This implies a coordinated
approach including business, government, and donors.
Acknowledgements

Sponsorship: This work was supported by Axios
International, and by NIDA R01 DA15612.
References

1. The Policy Project, USAID. How does HIV/AIDS affect African
businesses? Washington, DC: USAID; 2000.

2. Kambou G, Devarajan S, Over M. The economic impact of
AIDS in an African country: simulations with a computable
general equilibrium model of Cameroon. J Afric Econ 1992;
1:109–130.

3. Forsythe S, Rau B. AIDS in Kenya: Socio-economic impact and
policy implications. Arlington, VA: AIDSCAP/FHI; 1996.

4. Bollinger L, Stover J. The economic impact of AIDS in South
Africa. Washington DC: The Futures Group International; 1999.

5. UNAIDS. Putting HIV/AIDS on the business agenda. Geneva:
UNAIDS; 1998.

6. Fox MP, Rosen S, MacLeod WB, Wasunna M, Bii M, Foglia G,
et al. The impact of HIV/AIDS on labour productivity in Kenya.
Trop Med Int Health 2004; 9:318–324.

7. UNAIDS. 2004 report on the global HIV/AIDS epidemic: 4th
global report. Geneva: UNAIDS; 2004.

8. De Beers. De Beers Group HIV/AIDS business case-study.
Southsdale, South Africa: De Beers; 2005.

9. World Economic Forum. Global health initiative, private sector
intervention case example: DaimlerChrysler. Geneva: World
Economic Forum; 2003.

10. Anglo American Group. Anti-retroviral therapy programme –
progress report. Available at: www.angloamerican.co.uk. 2004.

11. PricewaterhouseCoopers. HIV/AIDS: What is business doing?
A survey of the business community’s response to HIV/AIDS
in Kenya, Tanzania, Uganda and Zambia. Pricewaterhouse-
Coopers; 2003.

12. World Bank. World development report 1993: investing in
health. New York: Oxford University Press; 1993.

13. UNAIDS, WHO. Provisional WHO/UNAIDS Secretariat recom-
mendations on the use of cotrimoxazole prophylaxis in adults
and children living with HIV/AIDS in Africa. Geneva: UNAIDS,
WHO; 2000.

14. Anglaret X, Chene G, Attia A, Toure S, Lafont S, Combe P, et al.
Early chemoprophylaxis with trimethoprim-sulphamethoxa-
zole for HIV-1-infected adults in Abidjan, Cote d’Ivoire: a
randomised trial. Cotrimo–CI Study Group [see comments].
Lancet 1999; 353:1463–1468.

15. Mermin J, Lule J, Ekwaru JP, Malamba S, Downing R, Ransom R,
et al. Effect of co-trimoxazole prophylaxis on morbidity, mor-
tality, CD4-cell count, and viral load in HIV infection in rural
Uganda. Lancet 2004; 364:1428–1434.

16. Kahn JG, Haile B, Kates J, Chang S. Health and federal budget-
ary effects of increasing access to antiretroviral medications
for HIV by expanding Medicaid. Am J Public Health 2001;
91:1464–1473.

17. Mocroft A, Vella S, Benfield TL, Chiesi A, Miller V, Gargalianos
P, et al. Changing patterns of mortality across Europe in
patients infected with HIV-1. EuroSIDA Study Group. Lancet
1998; 352:1725–1730.

18. Staszewski S, Morales-Ramirez J, Tashima KT, Rachlis A, Skiest
D, Stanford J, et al. Efavirenz plus zidovudine and lamivudine,
efavirenz plus indinavir, and indinavir plus zidovudine and
lamivudine in the treatment of HIV-1 infection in adults. Study
006 Team. N Engl J Med 1999; 341:1865–1873.

19. Saag MS, Tebas P, Sension M, Conant M, Myers R, Chapman SK,
et al. Randomized, double-blind comparison of two nelfinavir
doses plus nucleosides in HIV-infected patients (Agouron study
511). AIDS 2001; 15:1971–1978.
pyright © Lippincott Williams & Wilkins. Unautho
20. Gathe J Jr, Badaro R, Grimwood A, Abrams L, Klesczewski K,
Cross A, et al. Antiviral activity of enteric-coated didanosine,
stavudine, and nelfinavir versus zidovudine plus lamivudine
and nelfinavir. J Acquir Immune Defic Syndr 2002; 31:399–
403.

21. Gallant JE, Staszewski S, Pozniak AL, DeJesus E, Suleiman JM,
Miller MD, et al. Efficacy and safety of tenofovir DF vs stavu-
dine in combination therapy in antiretroviral-naive patients: a
3-year randomized trial. JAMA 2004; 292:191–201.

22. UNAIDS/WHO. Antibiotic recommended for African HIV
patients. Joint United Nations Programme on HIV/AIDS
(UNAIDS) and World Health Organization (WHO) Meeting
in Geneva. Geneva: UNAIDS/WHO; 2000.

23. World Health Organization. Interim proposal for a WHO
staging system for HIV infection and disease. Wkly Epidemiol
Rec 1990; 65:221–224.

24. Morgan D, Malamba SS, Maude GH, Okongo MJ, Wagner HU,
Mulder DW, et al. An HIV-1 natural history cohort and survival
times in rural Uganda. AIDS 1997; 11:633–640.

25. Jawe E. Recurring goods: Quantities and unit costs. In. Home-
based care program, Tororo District. Entebbe: Medical Stores,
Centers for Disease Control and Prevention; 2003.

26. Badri M, Ehrlich R, Wood R, Maartens G. Initiating co-
trimoxazole prophylaxis in HIV-infected patients in Africa:
an evaluation of the provisional WHO/UNAIDS recommenda-
tions. AIDS 2001; 15:1143–1148.

27. Medecins Sans Frontieres. Untangling the Web of Price Reduc-
tions: a pricing guide for the purchase of ARVs for developing
countries, 8th edn. Geneva: Medecins Sans Frontieres; 2005.

28. World Health Organization. Scaling up antiretroviral therapy in
resource-limited settings: Treatment guidelines for a public
health approach: 2003 revision. Geneva; WHO; 2004.
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