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The introduction of highly active antiretroviral treatment
transformed the AIDS epidemic. In populations with
access to these drugs, death rates have plummeted. Until
recently, routine use of antiretroviral treatment in regions
with few resources such as sub-Saharan Africa was
thought to be technically and economically impossible.
The world, however, is changing. Regimens that are easier
to implement are also highly effective, the cost of some
antiretroviral regimens has dropped by 85%,1 and new
resources have become available.2 Although expense,
feasibility, and effective delivery remain formidable
barriers, public health and technical agencies have started
to re-examine their assumptions and to discuss use of
antiretroviral drugs in poorly resourced environments.3

Data lending support to use of antiretroviral treatment
in poorly resourced regions are few. Even in well
resourced countries, clinicians still do not have evidence-
based answers to simple issues such as: when to start
antiretrovirals, how to monitor their therapeutic and toxic
effects, and in what sequence to use them. Answers to
such issues are greatly needed to speed up delivery of
antiretrovirals to the populations most in need of
treatment. As a working group convened by the
Rockefeller Foundation, we outline an urgent research
agenda that attempts to identify gaps in knowledge and to
prioritise issues affecting access to treatment for the tens
of millions of adults living with HIV/AIDS in poorly
resourced regions. Answers to many of these questions
will also benefit patients in well resourced regions. We do
not address the equally important issues about use of
antiretrovirals in infants and children and of prevention of
mother-to-child transmission. 

When should antiretroviral treatment be
started?
Use of antiretroviral treatment is straightforward in adults
with symptomatic HIV-1 disease or CD4+ counts of 200
or less,4–6 but whether asymptomatic adults with more
than 200 CD4+ cells/mm3 should also begin treatment is
unclear.7–9 Guidelines vary, but the pendulum is swinging

away from very early treatment towards a more cautious
strategy of deferred therapy.10,11 This shift has been fuelled
by the desire to strike a balance between the efficacy of
treatment and its toxic and adverse effects, and the need
to preserve future treatment options. The realisation that,
at present, eradication of HIV-1 is not possible and that
life-long treatment will be necessary has raised additional
concerns about adherence, resistance, cost, safety, and
patient convenience. 

The issue of when to start treatment is especially
relevant in resource-constrained settings, where the cost
of drugs, laboratory and clinical monitoring, and
management of side-effects is very important. If treatment
is started too early, essential resources could be wasted
and the risks of unnecessary toxic effects and drug
resistance are increased. Treatment started too late leads
to excess morbidity and mortality. Not only is the time
when treatment should be started unclear, so too is which
laboratory tests, if any, should guide such a decision.
Many clinicians and most guidelines in resource-rich
settings encourage measurement of viral load and CD4+
count to ascertain when to start antiretroviral treatment.12

In the absence of data to support this strategy, and in view
of the expense of such testing, the usefulness of this
approach in resource-poor settings has been challenged. 

Cheaper, simpler tests of viral burden and immune
function are a high priority. Results of pilot studies13–15

suggest that total lymphocyte counts correlate with
disease progression and survival in symptomatic patients,
and some guidelines endorse use of such a measure to
help make decisions about when to start treatment.16 Tests
such as the heat denatured p24,17 Dynabeads,18 and Cyto-
Sphere19 assays may also be useful, although data for use
of these treatments are imperfect. Simplified flow
cytometry protocols have also been developed.20 Providers
in some resource-poor settings have simply restricted use
of antiretroviral treatment to patients with HIV who are
symptomatic, an approach that obviates the need for
costly laboratory assays altogether.21 Panel 1 outlines some
of the issues about starting treatment.
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Viewpoint

Panel 1: Research questions for when treatment
should be started

Is there a clinical advantage to starting antiretroviral treatment
in asymptomatic patients with a CD4+ count above 200?
Are there cheaper and simpler methods of measuring CD4+
cell count? 
Are there cheaper and simpler methods of measuring viral
load?
Are there laboratory markers other than CD4+ cells and viral
load that can successfully guide decisions about when to start
antiretroviral treatment? 
In the absence of laboratory data, are clinical criteria sufficient
to guide decisions about when to start antiretroviral
treatment?
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duration of clinical and immunological benefits and
minimising drug toxic effects and development of
antiretroviral resistance. Most guidelines endorse many
combinations of antiretrovirals as first-line treatment, since
there are no definitive comparisons of potent antiretroviral
treatment regimens. 

Decisions about whether and when to change treatments
are very important to the success of antiretroviral
treatment. Changing too soon leads to the risk that
antiretroviral options will be exhausted, but continuing
with a failing regimen risks viral resistance, which can
jeopardise the success of subsequent treatment.
Maintenance of viral load below the limit of detection is
theoretically appropriate to prevent emergence of
resistance, but clinical and immunological benefit can be
maintained with a sustained but low level of viral
replication.22 Although the guidelines of many developed
countries advocate use of viral load testing, viral resistance
testing, CD4+ count, and clinical assessment to guide
decisions about changing antiretroviral treatment, such an
approach may not be feasible in resource-limited settings.
Up to now, few investigators have assessed changing
treatment solely on the basis of clinical symptoms or low-
cost clinical markers, although several trials have been
started. 

Adherence to antiretroviral treatment
Non-adherence is the Achilles’ heel of antiretroviral
treatment; it is associated with development of viral
resistance,23 virological failure,24 progression of disease,25

and death.26,27 Increasing attention is being paid to helping
patients adhere to antiretroviral treatment, and treatment
guidelines highlight the topic as essential to successful use
of antiretrovirals. Few studies have been published about
adherence to antiretroviral treatment in poorly resourced
countries and the results of those that have been done show
that adherence rates are similar to those seen in resource-
rich countries.28,29
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How should antiretroviral treatment be
monitored?
Antiretroviral treatment has several characteristics
suggesting that regular laboratory monitoring is important.
Virological and immunological responses and failures are
usually asymptomatic. Similarly, although some adverse
effects of antiretroviral treatment are associated with
clinical symptoms and signs, other adverse events can only
be detected by laboratory assays. 

Monitoring effectiveness
US guidelines endorse use of CD4+ cell counts and viral
load measurement every 3–4 months to assess the
continued effectiveness of antiretroviral treatment.12 Use of
these tests at this frequency has not been validated,
however, and the assays are prohibitively expensive and
technically more complex than what can presently be
provided in most resource-poor settings. In Uganda, for
example, the cost of routine tests of efficacy (CD4+ cell
count and viral load) approaches the cost of a month of
antiretroviral treatment (Peter Mugyenyi, personal
communication). Results of studies in which the best
combination of syndromic management, less frequent
surveillance, and of cheaper, simpler monitoring tests is
assessed should widen the settings in which antiretroviral
treatment can be used.

Monitoring for toxic effects
Although many patients tolerate antiretroviral treatment
without difficulty, antiretrovirals are associated with short-
term and long-term toxic effects. Guidelines from resource-
rich countries recommend that asymptomatic patients
should be monitored every 3–4 months with laboratory
tests (of haemopoietic, renal, and hepatic function) and a
medical history and physical examination.12 None of these
strategies has been studied, either individually or in
combination, and the expense of such monitoring tests may
preclude their use in some environments. Panel 2
summarises some of the issues that need to be addressed in
monitoring of antiretroviral treatment.

Selection of antiretroviral drugs (panel 3)
Although safety, effectiveness, and acceptability should
govern the choice of antiretroviral treatment, individualised
regimens might not be possible in many environments.
Standard low-cost regimens and algorithms to guide their
use will accelerate the widespread deployment of
antiretroviral treatment needed in resource-poor settings
where care is provided mainly by nurses and health
workers. 

Selection of a first-line regimen (or regimens) is a key
strategic decision. Objectives include maximising the
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Panel 2: Research questions for monitoring of
antiretroviral treatment

Is laboratory testing for effectiveness and toxic effects
necessary every 3–4 months, or is less frequent laboratory
testing appropriate? 
What is the minimum laboratory monitoring needed to ensure
safety and effectiveness?
Are there less expensive but equally useful methods to
measure immune function and viral burden in monitoring of
effectiveness of antiretroviral treatment? 
Would an algorithm using only clinical variables (weight gain,
quality of life, decreased frequency and severity of
complications) to assess treatment success or failure be
adequate?

Panel 4: Research questions for adherence to
treatment

What are the main determinants/correlates of adherence in
resource-poor settings? 
If there are predictable barriers to adherence in these settings,
are they modifiable?
Is fear of disclosure, stigma, or both a barrier to adherence to
antiretroviral treatment? 
What effect will traditional healers and the parallel health-care
system have on adherence to antiretroviral treatment?
What are effective adherence interventions? Do they differ
from region to region or could a standard package be
developed?

Panel 3: Research questions for selection of drugs

Can antiretroviral treatment be safely and effectively
prescribed by non-physicians using standard regimens and
structured clinical algorithms in resource-poor settings? 
What are the most appropriate first-line regimens for resource-
limited settings?
How should treatment failure be defined? 
When should antiretroviral treatment be stopped or changed?
Should this decision be based on virological, immunological, or
clinical indices? 
Are structured treatment interruptions, pulse therapy, or treat-
to-safety strategies safe and effective? 
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As non-adherence becomes better understood,
interventions to promote adherence have been studied
with increasing rigor. These interventions fall into 
four broad categories—patient education, behaviour
modification, streamlined regimens, and interpersonal
support (including directly observed therapy)—although
most programmes are combinations of these approaches.
No single best approach has been identified. Panel 4
outlines some of the issues associated with adherence to
treatment.

Recommendations
The first 6 years of antiretroviral treatment have led to
major health gains in many countries. Answers to
fundamental issues on how best to use these agents,
however, remain elusive. Experts in resource-rich
countries continue to debate when to start antiretrovirals,
which drugs to use, how to monitor toxic effects and
effectiveness, and how to improve adherence. Use of
antiretroviral treatment in resource-limited environments
adds additional issues and complexity. Answers are
desperately needed to effectively and rapidly extend
antiretroviral treatment to millions of people infected with
HIV-1 worldwide. Very little antiretroviral research has
been done in or addressing the key issues of concern to
poorly resourced countries, a situation which must
change. The need to answer these questions should not
delay provision of HIV care to those who urgently need it.
Instead, research can and should be built on to treatment
programmes to facilitate wider use of these life-saving
drugs. 

Contributors
All authors participated in a working group convened by the Rockefeller
Foundation. M Rabkin wrote the first draft of the report. All authors
contributed to the final text.

Conflict of interest statement
None declared.

Acknowledgments
This work was supported by the Rockerfeller Foundation. D Katzenstein
is a Doris Duke Charitable Trust Distinguished Clinical Scientist. David
Bangsberg, Mary Bassett, and William Duncan substantially contributed
to this report. 

References
1 Chapman K, Barraclough A, Richens J. Accelerating access to

HIV/AIDS commodities in sub-Saharan Africa: cost estimates.
November, 2001. UNAIDS/01.93E.

2 UN General Assembly. UN declaration of commitment on
HIV/AIDS. Aug 2, 2001. A/RES/S-26/2.
http://www.un.org/ga/aids/docs/aress262.pdf (accessed July 15, 2002)

3 WHO. Scaling up antiretroviral therapy in resource-limited settings:
guidelines for a public health approach. WHO: April, 2002.
http://www.who.int/HIV_AIDS/HIV_AIDS_Care/ARV_Draft_April_2
002.pdf (accessed July 15, 2002)

4 Gulick RM, Mellors JW, Havlir D, et al. Treatment with indinavir,
zidovudine, and lamivudine in adults with human immunodeficiency
virus infections and prior antiretroviral therapy. N Engl J Med 1997;
337: 734–39.

5 Hammer SM, Squires KE, Hughes MD, et al. A controlled trial of 
two nucleoside analogues plus indinavir in persons with human
immunodeficiency virus infections and CD4 cell counts of 200 
per cubic millimeter or less. N Engl J Med 1997; 337: 725–33.

6 Cameron DW, Heath-Chiozzi M, Danner S, et al, for the Advanced
HIV-1 Ritonavir Study Group. Randomised, placebo-controlled trial
of ritonavir in advanced HIV-1 disease. Lancet 1998; 351: 543–49.

7 Hogg RS, Yip B, Chan KJ, et al. Rates of disease progression by
baseline CD4 cell count and viral load after initiating triple-drug
therapy. JAMA 2001; 286: 2568–77.

8 Phillips AN, Staszewski S, Weber R, et al. HIV viral load response to
antiretroviral therapy according to the baseline CD4 cell count and
viral load. JAMA 2001; 286: 2560–67.

9 Sterling TR, Chaisson RE, Moore RD. HIV-1 RNA, CD4 
T-lymphocytes, and clinical response to highly active antiretroviral
therapy. AIDS 2001; 15: 2251–57.

10 Harrington M, Carpenter CCJ. Hit HIV-1 hard, but only when
necessary. Lancet 2000; 355: 2147–52.

11 Henry K. The case for more cautious, patient-focused antiretroviral
therapy. Ann Intern Med 2000; 132: 306–11.

12 US Department of Health and Human Services (DHHS) and Henry J
Kaiser Family Foundation. Guidelines for the use of antiretroviral
agents in HIV-1 infected adults and adolescents. Feb 4, 2002.
http://www.hivatis.org/guidelines/adult/May23_02/AAMay23.pdf
(accessed July 15, 2002).

13 Post FA, Wood R, Maartens G. CD4 and total lymphocyte counts as
predictors of HIV disease progression. QJM 1996; 89: 505–08.

14 Schechter M, Zajdenverg R, Machado LL, et al. Predicting CD4
counts in HIV-infected Brazilian individuals: a model based on the
World Health Organization staging system. J Acquir Immune Defic
Syndr 1994; 7: 163–68.

15 Bedell R, Hogg R, Yip B, et al. Total lymphocyte counts may be used
to prioritize HIV infected individuals’ eligibility for antiretroviral
therapy in resource poor settings. 1st IAS Conference on HIV
pathogenesis and treatment. Buenos Aires, 2001[abstract].

16 WHO. Scaling up antiretroviral therapy in resource-limited settings:
guidelines for a public health approach. World Health Organization,
April, 2002.

17 Ledergerber B, Flepp M, Boni J, et al. Human immunodeficiency
virus type 1 p24 concentration measured by boosted ELISA of heat-
denatured plasma correlates with decline in CD4 cells, progression of
AIDS and survival: comparison with viral RNA measurements. 
J Infect Dis 2000; 181: 1280–87.

18 Dider J-M, Kazatchkine MD, Demouchy C, et al. Comparative
assessment of five alternative methods for CD4+ T-lymphocyte
enumeration for implementation in developing countries. 
J Acquir Immune Defic Syndr 2001; 26: 193–95.

19 Zwerner RK, Hudson JC, Coulter WH, et al. A whole blood
alternative to traditional methods for CD4+ T lymphocyte
determination. J Acquir Immune Defic Syndr Human Retrovirol 1997;
14: 31–34.

20 Janossy G. Jani I, Gohde W. Affordable CD4(+) T-cell counts on
‘single-platform’ flow cytometers I. Primary CD4 gating. 
Br J Haematology 2000; 111: 1198–208.

21 Farmer P, Léandre F, Mukherjee JS, et al. Community-based
approaches to HIV treatment in resource-poor settings. Lancet 2001;
358: 404–09.

22 Deeks SG, Barbour JD, Grant RM, et al. Duration and predictors of
CD4 T-cell gains in patients who continue combination therapy
despite detectable plasma viremia. AIDS 2002; 16: 201–07.

23 Bangsberg DR, Hecht FM, Charlebois ED, et al. Adherence to
protease inhibitors, HIV-1 viral load, and development of drug
resistance in an indigent population. AIDS 2000; 14: 357–66.

24 Descampes D, Flandre P, Calvez V, et al. Mechanisms of virologic
failure in previously untreated HIV-infected patients from a trial of
induction-maintenance therapy. JAMA 2000; 283: 205–11.

25 Bangsberg DR, Perry S, Charlebois ED, at al. Non-adherence to
highly active antiretroviral therapy predicts progression to AIDS.
AIDS 2001; 15: 1181–83.

26 Hogg RS, Yip B, Chan KJ, et al. Rates of disease progression by
bseline CD4 cell count and viral load after initiating triple-drug
therapy. JAMA 2001; 286: 2568–77.

27 Paterson DL, Swindells S, Mohr J, et al. Adherence to protease
inhibitor therapy and outcomes in patients with HIV infection. 
Ann Intern Med 2000; 133: 21–30.

28 Laurent C, Diakhate N, Fatou Ngom N, et al. The Senegalese
Government HAART Initiative: An 18-month follow-up study of
feasibility, effectiveness, adherence, toxicity and viral resistance. 9th
Conference on Retroviruses and Opportunistic Infections. Seattle, 
WA, 2002 [abstract 460-W]. 

29 Kityo C, Rabkin M, Atwine D, et al. Adherence to antiretroviral
therapy in Kampala, Uganda. XIV International AIDS Conference.
Barcelona, 2002 [abstract WePeB5743].

VIEWPOINT


