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Abstract We conducted a systematic review on the performance of diagnostic tests for clinical and laboratory monitoring of HIVinfected adults in developing countries. Diagnostic test information collected from computerized databases, bibliographies and the
Internet were categorized as clinical (non-laboratory patient information), immunologic (information from immunologic laboratory
tests), or virologic (information from virologic laboratory tests). Of the 51 studies selected for the review 28 assessed immunologic
tests, 12 virologic tests and seven clinical and immunologic tests. Methods of performance evaluation were primarily sensitivity and
specificity for the clinical category and correlation coefficients for immunologic and virologic categories. In the clinical category, the
majority of test performance measures was reported as >70% sensitive and >65% specific. In the immunologic category, correlation
coefficients ranged from r = 0.54 to r = 0.99 for different CD4 count enumeration techniques, while correlation for CD4 and total
lymphocyte counts was between r = 0.23 and r = 0.74. In the virologic category, correlation coefficients for different human
immunodeficiency virus (HIV) ribonucleic acid (RNA) quantification techniques ranged from r = 0.54 to r = 0.90. Future research
requires consensus on designing studies, and collecting and reporting data useful for decision-makers. We recommend classifying
information into clinically relevant categories, using a consistent definition of disease across studies and providing measures of both
association and accuracy.
Bulletin of the World Health Organization 2006;84:581-588.

Voir page 586 le résumé en français. En la página 586 figura un resumen en español.

Introduction
In developed countries, immunologic
and virologic status of human immunodd
deficiency virus (HIV)-infected patients
is monitored using laboratory markers.
Cluster designation 4 (CD4) cell count
and human immunodeficiency virus
(HIV) ribonucleic acid (RNA) level (or
viral load) have been shown to predict
both clinical outcomes and disease progd
gression.1–3 Past guidelines published
by WHO also recommended the use
of CD4 cell count and HIV RNA to
monitor HIV-infected individuals.4,5
As part of its “3-by-5” initiative, WHO
proposed a tiered patient monitoring
framework with CD4 cell count at the
district level and CD4 cell count and
HIV RNA quantification at the regional
level, but with neither compulsory for
patient management (Table 1). However,

these guidelines provide limited guidad
ance on other diagnostic tests to guide
therapeutic decision-making in HIV
management.6,7
Our objective was to review the lited
erature on the performance of diagnostic
tests for clinical and laboratory monitorid
ing of HIV-infected adults. We compiled
relevant qualitative and quantitative
information to make it accessible to a
wide range of users and to identify key
challenges regarding the method of HIVrelated diagnostic test data collection and
reporting in developing countries.

Methods
Overview

We conducted a formal, systematic review
of the literature on clinical and laboratd
tory monitoring of HIV-infected indivd
viduals in developing countries between
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February and April 2004. Literature
was confined to published sources and
conference abstracts identified through
computerized databases, published indd
dices and bibliographic references.

Study Selection

We selected studies according to a priori
inclusion and exclusion criteria (Table 2).
Inclusion criteria were determined in
two stages. Test performance evaluation
was defined as sensitivity and/or specificid
ity as well as correlation coefficients. We
considered assessment of instruments,
equipment, or other technology used to
perform the diagnostic tests as secondary
criteria for study inclusion.
Exclusion criteria were also identifd
fied in two stages. We assumed that the
basic biologic and cellular mechanisms
of HIV disease progression are similar
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Table 1. WHO-recommended tiered laboratory capabilities for antiretroviral monitoring in limited-resource settings a
Primary health care centres (level 1)
Rapid HIVab test

District hospitals (level 2)

Regional referral centres (level 3)

Rapid HIVab test

Rapid HIVab test

Haemoglobin (if ZDV is being considered
for use) c

Capability to resolve indeterminate rapid HIVab
test by second serological method

FBC and differential

Pregnancy testing e

FBC f and differential

Referral for sputum smear for tuberculosis
(if microscopy not available)

CD4+ cell count d

b

CD4+ cell count d
Full serum chemistries (including but not
restricted to electrolytes, renal function,
liver enzymes, lipids)

ALT g

Pregnancy testing e

Pregnancy testing e

Sputum smear for tuberculosis

Sputum smear for tuberculosis

Viral load testing h

Source: World Health Organization. Scaling up Antiretroviral Therapy in Resource-Limited Settings: Treatment Guidelines for a Public Health Approach. 2003 Revision.
Geneva: WHO; 2004.
a

b
c

d

e

f
g
h

This table only considers testing that is desirable for proper monitoring of antiretroviral toxicity, efficacy and two prominent concomitant conditions (pregnancy
and tuberculosis). It is not meant to be comprehensive with respect to other diagnostic capabilities that are important in the comprehensive care of HIV-infected
persons. Other resources are available for these considerations.
ZDV = zidovudine.
In primary health care centers where laboratory facilities are not available or in the absence of laboratory-based haemoglobinometry, the WHO haemoglobin
colour scale can be used together with clinical signs to evaluate anaemia (more information available from: www.who.int/bct/).
Scale-up of antiretroviral treatment under the “3 by 5” plan does not require uniform CD4 (cluster designation 4) testing availability but, because of the value of
this test in patient monitoring, WHO will work with Member States to make this a reality.
EFV = efavirenz. EFV should not be given to women with childbearing potential unless adequate contraception is assured, nor to women in the first trimester of
pregnancy.
FBC = full blood count.
ALT = amino alanine transferase.
Because of the cost and technical issues associated with viral load testing, this test is not currently recommended as part of the present treatment guidelines.
However, it is hoped that more cost-effective technologies will allow regional referral centers to acquire this capability given its utility in assessing treatment failure.

for all HIV-infected individuals; becd
cause the relationship between CD4 cell
count and HIV RNA has been shown to
reflect disease progression rather than
test performance,1 we excluded studies
solely on the association between these
two measures.
Neither use nor type of treatment
(e.g. antiretroviral therapy or opportund
nistic infection prophylaxis) was used as
inclusion or exclusion criteria.

Data extraction

To integrate available information on
diagnostic tests for monitoring HIV patd
tients into a format useful for decisionmaking, we classified diagnostic test
information from each study into three
categories: (1) clinical information, defd
fined as non-laboratory-based patient
information including physical examind
nation, clinical staging system and/or
clinical history; (2) immunologic informd
mation, defined as information obtained
from diagnostic laboratory tests assessing
immunologic function; and (3) virologic
information, defined as information
obtained from diagnostic laboratory tests
assessing virologic status. We chose these
categories to reflect current, clinically
582

and policy relevant approaches to monitd
toring HIV-infected individuals.
We recorded data from studies that
met the inclusion criteria, but did not
violate the exclusion criteria. Data
included number a of study subjects,
mean age, gender distribution, sensitivid
ity and/or specificity of diagnostic tests,
correlation measures, demographic infd
formation, treatment type, presence of
co-infection, HIV-1 or HIV-2 infection,
HIV subtype, type of diagnostic test(s)
examined, assay used to perform the
diagnostic test and performance evaluatd
tion method. Geographic locations were
classified by region.9 For the purpose
of this review we defined urbanity as
a major city and/or its outlying areas.
A second reviewer examined a subsample to ensure internal validity of data
extraction.
For studies reporting sensitivity
and specificity, we categorized tests as
either reference standard or index test.
The reference standard was defined as
the best available diagnostic test, which
served as the comparison for an alternatd
tive test.10,11 Sensitivity was defined as
Pr (positive test | disease condition present),

or the probability that the specified
value or condition as measured by the indd
dex test reflected the value or condition
as measured by the reference standard.
Specificity was defined as Pr (negative
test | disease condition absent), or the
probability that the absence of the value
or condition as measured by the index
test reflected the absence of the value or
condition as measured by the reference
standard. If two methods of flow cytomed
etry (the gold standard in enumerating
CD4) were evaluated, single-platform
flow cytometry was considered the refered
ence and dual-platform the index. When
appropriate, diagnostic test characteristd
tics were derived.
For studies that compared across
categories, we listed information in all
relevant categories. When studies exad
amined various diagnostic tests within
a particular category (e.g. comparison
of different CD4 cell count assays and
different CD8 cell count assays), we presd
sented the diagnostic test results for each
type of diagnostic test.12 However, when
multiple results for the same diagnostic
test were reported, we showed only a
single representative result.
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Table 2. Inclusion and exclusion criteria: study selection for the systematic review of diagnostic tests in HIV management
Inclusion criteria

Exclusion criteria

Stage 1
HIV seropositive adults

Stage 1
Studies exclusively on the association between CD4 cell count and HIV RNA

Studies conducted in low- or middle-income settings 8

Studies conducted in high-income settings 8

Use of clinical staging classification or diagnostic tests
with intent to monitor HIV disease progression

Studies providing only setting-specific immunologic or virologic
reference values

Journal publication or conference proceeding in English,
French, or Spanish

In vitro studies, reviews or reports

Stage 2
All Stage 1 + performance evaluation of immunologic,
virologic, and/or clinical diagnostic tests

Stage 2
Studies not reporting relevant quantitative data on diagnostic test
characteristics, including studies referring to results on diagnostic test
performance but which presented no data
Results not stratified by HIV serostatus
Studies solely on prognosis or survival
Studies on laboratory methods
Results not stratified by relevant gross national income status
Studies evaluating HIV RNA gag sequences
Studies evaluating tests for HIV diagnosis
Studies involving subjects from developing countries but with laboratory
diagnostics conducted in developed countries
Citation bias (i.e. conference proceeding subsequently published in peerreviewed journal)

Results
Of the 125 articles or conference procd
ceedings we identified for detailed
review, 51 were included. Seventy-two
were excluded based on Stage 1 or Stage
2 exclusion criteria, while two were irretd
trievable due to incomplete or incorrect
bibliographic information.

Description of included studies

The number of HIV-infected subjects
reported in each study ranged from 12
to 2777 (mean = 229.4, standard deviatd
tion (SD) 413.0). Mean age ranged from
27.0 to 38.0 years. Weighting mean age
by number of study subjects resulted in a
weighted mean age of 32.9 years (SD 2.2
years); 35 studies did not report mean
age. The percentage of males enrolled
in each study ranged from 28.9% to
77.2%. In a weighted analysis, we determd
mined that 51.4% (SD 2.4%) of study
subjects were male; gender distribution
was not reported in 31 studies.
A description of included studies is
shown in Table 3. The majority of studid
ies included in our review assessed immd
munologic diagnostic tests only (28/51
or 55%). Twelve of 51 (24%) studies
assessed virologic tests only while seven
(14%) evaluated both clinical and immd
munologic diagnostic tests. Nine of 51

(18%) measured diagnostic test performd
mance using sensitivity/specificity only,
28 (55%) via correlation coefficient only
and 14 (28%) via both sensitivity/specifd
ficity and correlation.

Clinical information

We classified nine of 51 studies in this
category, with two reporting multiple
results for a total of 12 entries (Table 4
(measures of accuracy); Fig. 1 and Fig. 2
(measures of association); all web versd
sion only, available from http://www.
who.int/bulletin). Ten of the 12 entries
examined the relationship between clinicd
cal and immunologic tests; five of the
ten evaluated CD4 or total lymphocyte
counts only and a clinical staging or
classification system only, and three of
the ten compared the performance of
various permutations of clinical and
immunologic tests. Sensitivity of these
10 entries ranged from 29% when usid
ing oral candidiasis to predict CD4 cell
counts <200 cells/mm³ to 96% when
using clinical staging, total lymphocyte
count and white blood cell count to
predict CD4 cell count; specificity for
these studies was 96% and 83%, respectd
tively.17,18 Four entries compared clinical
staging to CD4 cell count as measured by
flow cytometry and one examined clinicd
cal staging and total lymphocyte count as
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measured by haematology analyser. Two
of 12 entries compared clinical informatd
tion and virologic information19 as well
as clinical and immunologic informatd
tion and virologic information.20 Two of
12 entries evaluated performance using
measures of association.20

Immunologic information

We classified 39 of 51 studies in this
category, with 14 of 39 reporting multd
tiple results for a total of 81 entries
(Table 5 (measures of accuracy); Fig. 1
(measures of association); web version
only, available from http://www.who.
int/bulletin). Forty-three of 81 entries
assessed only lymphocyte subsets, incd
cluding CD4, CD8 or CD3 cell counts,
or CD4%, CD8% or CD3%. Seventeen
entries evaluated different techniques
for measuring CD4 cell count, includid
ing single- and dual-platform flow
cytometry, enzyme immunoassay, beadbased manual counting, immunoalkaline
phosphatase and microchip assay. Five
assessed different assays for CD4%,
while four entries and one entry assessed
different assays for CD8% and CD3%,
respectively. Four entries examined the
association between CD4 cell count and
CD4%. Sixteen of 81 entries evaluated
the relationship between lymphocyte
583

Public Health Reviews
Diagnostic tests in HIV management

subsets and total lymphocyte count,
with 14 of 16 entries examining CD4
cell count and total lymphocyte count.
Four of 81 entries compared lymphocd
cyte subsets with immune activation
markers (e.g. lymphocyte proliferation,
tumour necrosis factor-a (TNF-a)) and
four with white blood cell counts or
associated differentials. Four compared
immune function and virologic markers
while 10 investigated the relationship
between immune function and clinical
markers. Fifty-one of 81 entries repd
ported only correlation coefficients, 17
reported only sensitivity/specificity, and
13 reported correlation coefficients and
sensitivity/specificity.
We found that studies assessing diffd
ferent techniques for measuring CD4 cell
count reported correlation coefficients
ranging from r = 0.54 to r = 0.99.21,22 In
the four studies examining enzyme immd
munoassay, correlations between CD4
cell count as measured by dual-platform
flow cytometry and enzyme immunoad
assay were all r <0.70. 12,21,23,24 When
a blood fixative was employed using
dual-platform flow cytometry with panld
leucogating, correlations were r = 0.97
at day 0, r = 0.98 between days 0 and
3, and r = 0.92 between days 0 and 7.25
In our review, correlation between total
lymphocyte and CD4 cell counts ranged
from r = 0.23 to r = 0.74.26,27 Sensitivity
when assessing CD4 cell count and total
lymphocyte count ranged from 43%
for a total lymphocyte count <1200
cells/mm³ to predict a CD4 cell count
<200 cells/mm³ to 78% for a total lympd
phocyte count <1500 cells/mm³ to predd
dict a CD4 cell count <200 cells/mm³;
specificity for these studies was 98%
and 80%, respectively.28,29 For the 22
entries in which CD4 cell count served
as the reference standard and for which
sensitivity/specificity were reported, 18
and 2 entries reported a disease-present
status of CD4 count <200 cells/mm³
and <350 cells/mm³, respectively.

Virologic information

We classified 16 of 51 studies in this
category, with five reporting results for
multiple diagnostic tests, resulting in
a total of 26 entries (Table 4 presents
one measure of accuracy and Table 5
presents two measures of accuracy; Fig. 2
(measures of association) all web version
only, available at http://www.who.int/
bulletin). Twenty-one of 26 entries compd
pared HIV RNA quantification and viral
584
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Table 3. Description of included studies for the systematic review of diagnostic
tests in HIV management
Number (%) a
n = 51

Variable
		
Geographic location
Africa
Asia
Central America, Mexico, Caribbean
South America

38 (75)
9 (18)
1 (2)
3 (6)

Income level b
Low only
Low-middle only
Middle-high only

37 (73)
10 (20)
3 (6)

Urbanity c
Urban
Rural
Not reported

40 (78)
1 (2)
10 (20)

Treatment d
Antiretroviral therapy
Opportunistic infection prophylaxis
Other
None
Not reported

6 (12)
1 (2)
5 (10)
3 (6)
33 (65)

HIV/tuberculosis co-infection

3 (6)

Types of diagnostic tests evaluated
Clinical only
Immunologic only
Virologic only
Clinical/immunologic
Clinical/virologic
Immunologic/virologic
Clinical/immunologic/virologic

0 (0)
28 (55)
12 (24)
7 (14)
0 (0)
2 (4)
2 (4)

Measures of test performance
Sensitivity/specificity
Correlation
Sensitivity/specificity and correlation

9 (18)
28 (55)
14 (28)

a
b

c
d

Percentages may not total 100% due to rounding.
Countries were assigned an income-level status (low, low-middle, middle-high, or high) based on gross
national income per capita.8 One study 13 was classified as both low and low-middle income.
An urban area was defined as a major city and/or the city’s outlying areas.
Three studies 14–16 had study subjects who were both on and off antiretroviral therapy.

activation markers or reverse transcriptase
activity; the remaining five evaluated viral
activation markers and clinical staging
or immune activation markers (e.g. b - 2
microglobulin, CD4 cell count). Fifteen
entries evaluated HIV-1 infected study
subjects with non-B subtypes, including
CRF02_AG and subtypes A, C, D, and
G in West Africa; A and D in East Africa;
E in Southern Africa; and E in Southeast
Asia. None of the studies included HIV2 infected study subjects. Sensitivity and
specificity of diagnostic test performance
were reported for only 4 entries,19,30 with
the remainder reporting correlation
coefficients.

Seventeen entries compared commd
monly used HIV RNA quantification
techniques — reverse transcriptase
polymerase chain reaction (RT PCR),
branched deoxyribose nucleic acid
(bDNA) and nucleic acid sequencebased amplification (NASBA). Correlatd
tion coefficients for these, comparing
both RT PCR and bDNA tests ranged
from r = 0.54 to r = 0.90.31,32 Other virold
logic diagnostic tests examined included
viral activation markers (p24 antigen
assay) and reverse transcriptase activity.
One study reported that concentration
of p24 antigen <1500 fg/ml was 100%
sensitive and 91% specific for HIV-1
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RNA <400 copies/ml when comparid
ing HIV-1 RNA as measured by RT
PCR and viral activation as measured
by heat-denatured p24 antigen assay.30
Four entries evaluated immune and viral
activation markers. One study found
detectable p24 antigen 72% sensitive for
b 2 -microglobulin concentration >5 mg/l
as well as 72% sensitive for CD4 count
<200 cells/mm³, the same study found
detectable p24 antigen 86% sensitive for
WHO clinical stage 4.19 However, the
correlation between p24 antigen and
CD4 cell count/CDC clinical classificatd
tion system was low (r = 0.23).20

Discussion
Through a systematic review, we identd
tified, selected and critically evaluated
51 studies on clinical, immunologic
and virologic strategies for monitoring
HIV-infected individuals in developing
countries. In the studies we reviewed,
over 90% were performed in African and
Asian lower income countries and nearly
80% were conducted in urban areas.
Monitoring strategies were assessed using
a broad range of diagnostic tests, assays
or staging systems.
Our review revealed that methods
of performance evaluation varied widely
across all three types of diagnostic test
information categories (clinical, immd
munologic, virologic). For example,
performance measures for “clinical infd
formation” were reported primarily as
sensitivity and specificity. As expected,
most studies reporting performance
measures of a patient’s clinical informatd
tion focused on the relationship between
a clinical staging or classification system
and lymphocyte subsets (primarily CD4
count <200 cells/mm³). We found that
the sensitivity of different clinical staging
systems for CD4 cell count varied extensd
sively (Fig. 3, web version only, available
from: http://www.who.int/bulletin).
In contrast, performance of diagnostd
tic tests using immunologic or virologic
status was reported mainly as a correlatd
tion coefficient. We found that correlatd
tion coefficients ranged from r 2 = 0.29
to r 2 = 0.97 when comparing different
techniques for enumerating CD4 cell
count, suggesting relatively robust results
among widely differing CD4 count
enumeration technologies.21,22 However,
when assessing the relationship between
CD4 and total lymphocyte count, corrd
relation coefficients ranged from r 2 = 0.05
to r 2 = 0.55, indicating less consistent
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findings and greater variation between
these two tests.26,27 In the few studies
reporting the sensitivity of a CD4 cell
count enumeration technology, the dised
ease condition primarily was defined as
CD4 count <200 cells/mm³. In these
studies, sensitivity ranged from 29% to
96%17,18 and specificity from 55% to
98%.28,33
The performance of tests used to
ascertain virologic status also was generad
ally reported as a correlation coefficient.
Correlation coefficients ranged from
r 2 = 0.29 to r 2 = 0.81 when we compared
commonly used HIV RNA quantifd
fication techniques. 31,32 Correlations
between different HIV RNA quantificd
cation techniques for non-B subtypes
ranged mainly between r 2 = 0.49 and
r 2 = 0.72.34,35 These results suggest robd
bust results among various HIV RNA
quantification techniques for HIV-1 B
and non-B subtypes. However, due to
lack of information on HIV-2-infected
subjects, the performance of these tests
in such patients is unknown. We identd
tified only one study examining the
accuracy of viral activation markers for
HIV RNA.30
Our review had several limitations.
We confined our study selection to articd
cles and conferences that were published
and/or electronically available, which
likely limited incorporation of the most
up-to-date data. We also encountered
a number of specific challenges in syntd
thesizing this body of information. For
example, no universal gold standard has
been explicitly defined for monitoring
HIV-infected individuals, thereby makid
ing identification of the gold standard
or reference standard for each study
uncertain. The definition of disease and
the methods used to assess diagnostic
test performance were not consistent
across studies. Therefore, we did not
evaluate study quality to assess reliability
and validity and could not account for
bias, reporting error and other method
odological limitations of the individual
studies.11 While measures of association,
such as correlation coefficients, provide
researchers with information on the
strength of a relationship between two
diagnostic tests, they do not provide
information that can more easily be
translated into clinical decision-making
as with measures such as sensitivity and
specificity. This is particularly relevant
for HIV markers evaluated on a continuod
ous scale, where sensitivity and specificity
can be used to identify critical clinical
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thresholds when providing antiretrovird
ral therapy or opportunistic infection
prophylaxis. Lastly, we did not examine
reported assay, instrument and personnd
nel costs or include other biochemical
parameters important in the follow-up
of HIV-infected individuals receiving
treatment,36 as they were beyond the
scope of this study.
While HIV care providers in develod
oping countries are working to improve
laboratory capacity, key issues, such as
where future studies might be conducted
(e.g. urban versus rural locales) or the
methods used to evaluate diagnostic
test performance, have not been addd
dressed.37–40 In particular, complete and
transparent reporting of participants, test
methods, statistical methods, test results
and test estimates — as outlined in The
Standards for Reporting of Diagnostic
Accuracy (STARD) Initiative 11 — will
play a major role in improving how
diagnostic test data are collected and
reported. Addressing these issues can
provide important information that will
assist programme planners and policymakers in better understanding how
diagnostic tests can be used to assess,
for example, population-level antiretrovd
viral resistance patterns and HIV RNA
distributions. On an individual level,
this information can aid in determining
not only which diagnostic tests should
be used to monitor patients, but also
which tests should be employed to initd
tiate HIV management interventions.
For example, whether a patient’s clinical
information is an appropriate diagnostic
tool to initiate opportunistic infection
prophylaxis and/or antiretroviral therapy
will depend on formal analysis that consd
siders the benefits of treating patients
with true positive results as well as the
consequences of not treating patients
who need treatment (false negatives)
and treating patients who do not need
treatment (false positives).

Conclusion
We conclude that the broad range of
diagnostic tests, the instruments and
techniques used to conduct the tests,
and the heterogeneity of their reported
performance suggest a need for consensus
among the research community on how
to design studies, and collect and report
data in a format that is most useful for
decision-makers in developing countries.
We recommend the following actions
that are critical to successfully scaling up
HIV treatment and monitoring efforts
585

Public Health Reviews
Diagnostic tests in HIV management

in developing countries: (1) classifying
information into clinically relevant
categories (clinical, immunologic,
or virologic); (2) using a consistent
definition of disease across studies;
and (3) reporting both measures of
association (e.g. correlation coefficients)
and measures of accuracy (e.g. sensitivity
and specificity). O
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Résumé
Tests diagnostiques et prise en charge des infections à VIH : revue des méthodes cliniques et analytiques
permettant le suivi des personnes contaminées dans les pays en développement
Nous avons réalisé une revue systématique des performances des
tests diagnostiques utilisés pour le suivi clinique et biologique des
adultes contaminés par le VIH dans les pays en développement.
Les résultats de tests diagnostiques recueillis à partir des bases
de données informatisées, les données bibliographiques et
les informations obtenues sur Internet ont été classés en trois
catégories : données cliniques (informations au sujet des malades
ne provenant pas des examens en laboratoire), immunologiques
(informations fournies par les tests immunologiques en laboratoire)
et virologiques (informations fournies par les tests virologiques en
laboratoire). Parmi les 51 études sélectionnées pour la revue, 28
évaluaient des tests immunologiques, 12 des tests virologiques
et 7 des tests cliniques et immunologiques. L’évaluation des
performances méthodologiques se fondait principalement sur la
sensibilité et la spécificité pour les données de la catégorie clinique
et sur les coefficients de corrélation pour les données appartenant
aux catégories immunologique et virologique. Pour la catégorie

clinique, d’après la mesure des performances, la majorité des tests
présentaient une sensibilité > 70 % et une spécificité > 65 %.
Pour la catégorie immunologique, les coefficients de corrélation
allaient de r = 0,54 à r = 0,99 pour les différentes techniques de
numération des CD4, tandis qu’entre la numération des CD4 et
celle des lymphocytes totaux, ces coefficients se situaient entre
r = 0,23 et r = 0,74. Pour la catégorie virologique, les coefficients
de corrélation entre les différentes techniques de quantification de
l’ARN du VIH allaient de r = 0,54 à r = 0,90. Pour les travaux de
recherche à venir, il serait nécessaire de parvenir à un consensus
sur les modalités de conception des études et, de collecte et de
rapport des données utiles aux décideurs. L’article recommande de
classer les informations selon des catégories cliniques pertinentes,
en utilisant une définition identique de la maladie dans l’ensemble
des études et en fournissant une évaluation de la corrélation et
de la précision.

Resumen
Pruebas diagnósticas en el manejo de la infección por VIH: estudio de las estrategias clínicas y de
laboratorio empleadas para controlar a las personas infectadas por el VIH en los países en desarrollo
Realizamos una revisión sistemática de la eficacia de las pruebas
diagnósticas como medio de seguimiento clínico y de laboratorio
de las personas infectadas por el VIH en los países en desarrollo. La
información sobre pruebas diagnósticas reunida a partir de bases
de datos computadorizadas, de las publicaciones y de Internet se
clasificó como clínica (información sobre los pacientes distinta
de los datos de laboratorio), inmunológica (información sobre
pruebas inmunológicas) o virológica (información sobre pruebas
virológicas). De los 51 estudios seleccionados para la revisión,
28 evaluaron pruebas inmunológicas, 12 pruebas virológicas, y 7
pruebas clínicas e inmunológicas. Los métodos de evaluación de la
eficacia fueron principalmente la sensibilidad y la especificidad en el
caso de las pruebas clínicas, y los coeficientes de correlación en el
caso de las pruebas inmunológicas y virológicas. Entre las primeras,
la mayoría de las medidas de eficacia de las pruebas revelaron
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una sensibilidad superior al 70% y una especificidad superior al
65%. En la categoría de pruebas inmunológicas, los coeficientes
de correlación oscilaron entre 0,54 y 0,99 para diferentes técnicas
de recuento de CD4, mientras que la correlación (r) entre los
recuentos de CD4 y de linfocitos totales se situó entre 0,23 y 0,74.
En cuanto a las pruebas virológicas, los coeficientes de correlación
para diferentes técnicas de cuantificación del ARN del VIH fueron
de entre 0,54 y 0,90. A la hora de realizar nuevas investigaciones
en el futuro, será necesario consensuar el diseño de los estudios,
y reunir y notificar datos de utilidad para las instancias decisorias.
Recomendamos clasificar la información en categorías clínicamente
pertinentes, utilizar una definición coherente de enfermedad en
todos los estudios, y proporcionar medidas tanto de asociación
como de exactitud.
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ملخص

:اختبارات تشخيصية يف تدبري فريوس ال َعوَز املناعي البرشي
مراجعة لالسرتاتيجيات الرسيرية (اإلكلينيكية) واملختربية لرصد املصابني بعدوى فريوس العوز املناعي البرشي يف البلدان النامية

. نوعية%65  حساسية وعن%70 معظم مقايـيس أداء االختبارات تزيد عىل
 بالنسبة0.99 و0.54 أما يف الفئة املناعية فقد تراوح معامل الرتابط بني
 فيمــا تراوح معامل االرتبـاط بني،CD4 ألساليب مختلفة لتعداد الخاليــا
 ويف.0.74 و0.23  وتعداد كامل اللمفاويـات يرتاوح بنيCD4 تعـداد الخاليا
 تراوح معامل االرتباط يف األساليب املختلفة لتقدير كمية،الفئة الفريولوجية
ومتس الحاجة يف املستقبل
ّ .0.90 و0.54 رنا فريوس العوز املناعي البرشي بني
إىل الوصول إىل إجامع حول تصميم الدراسات وجمع املعطيات واإلبالغ عنها
 وأوصينا بتصنيف املعلومات إىل فئات.مام يفيد أصحاب القرار السيايس
مناسبة باستخدام تعاريف متسقة لألمراض يف جميع الدراسات وتوفري وسائل
.للرتابط وللدقة

قمنا مبراجعة منهجية ألداء االختبارات التشخيصية واملختربية لرصد املصابني
 جمعنا.بعدوى فريوس العوز املناعي البرشي من البالغني يف البلدان النامية
املعلومات حول االختبارات التشخيصية من قواعد املعطيات الـمُ حَ وْسَ بَة
 وصنفناها إىل اختبارات رسيرية (معلومات،وفهارس املكتبات واإلنرتنت
) ومناعية (معلومات من االختبارات املناعية،)غري مختربية حول املرىض
 دراسة51  ومن بني.)وفريولوجية (معلومات من املختربات الفريولوجية
 دراسة12 و، دراسة لتقيـيم االختبارات املناعية28  كانت،اختريت للمراجعة
 دراسات لتقيـيم االختبارات الرسيرية7لتقيـيم االختبارات الفريولوجية و
 أما طُ رُق تقيـيم األداء فكانت بشكل رئييس الحساسية والنوعية.واملناعية
 وقد كان.ًللفئة الرسيرية ومعامل الرتابط للفئات الفريولوجية واملناعية معا

References
1. Mellors JW, Munoz A, Giorgi JV, Margolick JB, Tassoni CJ, Gupta P, et al.
Plasma viral load and CD4+ lymphocytes as prognostic markers of HIV-1
infection. Ann Intern Med 1997;126:946-54.
2. Hughes MD, Johnson VA, Hirsch MS, Bremer JW, Elbeik T, Erice A, et al.
Monitoring plasma HIV-1 RNA levels in addition to CD4+ lymphocyte count
improves assessment of antiretroviral therapeutic response. ACTG 241
Protocol Virology Substudy Team. Ann Intern Med 1997;126:929-38.
3. Masur H, Ognibene FP, Yarchoan R, Shelhamer JH, Baird BF, Travis W, et al.
CD4 counts as predictors of opportunistic pneumonias in human
immunodeficiency virus (HIV) infection. Ann Intern Med 1989;111:223-31.
4. World Health Organization. Safe and effective use of antiretrovirals. Guidance
module 4. Guidance modules on antiretroviral treatments. WHO/ASD/98.1;
UNAIDS/98.7. 1998. Available from: http://whqlibdoc.who.int/hq/1998/
WHO_ASD_98.1_module4.pdf
5. World Health Organization/UNAIDS. Laboratory requirements for the safe
and effective use of antiretrovirals. Guidance module 5. Guidance modules
on antiretroviral treatments. WHO/ASD/98.1; UNAIDS/98.7. 1998. Available
from: http://whqlibdoc.who.int/hq/1998/WHO_ASD_98.1_module5.pdf
6. World Health Organization. Scaling up antiretroviral therapy in resourcelimited settings: treatment guidelines for a public health approach. 2003
Revision. Geneva: WHO; 2003. Available from: http://whqlibdoc.who.int/
publications/2004/9241591552.pdf
7. World Health Organization. Treating 3 million by 2005: Making it happen.
The WHO strategy: the WHO and UNAIDS global initiative to provide
antiretroviral therapy to 3 million people with HIV/AIDS in developing
countries by the end of 2005. Geneva: WHO; 2003. Available from: http://
whqlibdoc.who.int/publications/2003/9241591129.pdf
8. World Bank. World Bank List of Economies. The World Bank; 2004. Available
from: http://siteresources.worldbank.org/DATASTATISTICS/Resources/
CLASS.XLS
9. Centers for Disease Control and Prevention. Destinations. National Center
for Infectious Diseases: Travelers’ Health. CDC; 2003. Available from: http://
www.cdc.gov/travel/destinat.htm
10. Sox HC. The evaluation of diagnostic tests: principles, problems, and new
developments. Annu Rev Med 1996;47:463-71.
11. Bossuyt PM, Reitsma JB, Bruns DE, Gatsonis CA, Glasziou PP, Irwig LM, et al.
Towards complete and accurate reporting of studies of diagnostic accuracy:
The STARD Initiative. Ann Intern Med 2003;138:40-4.
12. Lyamuya EF, Kagoma C, Mbena EC, Urassa WK, Pallangyo K, Mhalu FS, et al.
Evaluation of the FACScount, TRAx CD4 and Dynabeads methods for CD4
lymphocyte determination. J Immunol Methods 1996;195:103-12.
13. Respess R, Cachafeiro A, Fiscus S, Newman D, Branson B, Varnier O, et al.
Evaluation of a commercially available ultrasensitive p24 antigen viral load
assay in samples from patients infected with genetically diverse HIV-1 from
different geographic settings [Abstract 669]. 10th Conference on Retroviruses
and Opportunistic Infections, Boston, MA, 10–14 February 2003. Available
from: http://www.retroconference.org/2003/cd/Abstract/669.htm

Bulletin of the World Health Organization | July 2006, 84 (7)

14. Bonard D, Rouet F, Toni TA, Minga A, Huet C, Ekouevi DK, et al. Field
evaluation of an improved assay using a heat-dissociated p24 antigen for
adults mainly infected with HIV-1 CRF02_AG strains in Côte d’Ivoire, West
Africa. J Acquir Immune Defic Syndr 2003;34:267-73.
15. Karcher H, Downing R, Ali M, Kagwire F, Weide A, Harms G. Comparison of
a manual CD4+ T cell counting method with a standard dual-platform flow
cytometry protocol in a Ugandan rural HIV treatment cohort [Abstract LB46].
The 2nd IAS Conference on HIV Pathogenesis and Treatment, Paris, France,
13–16 July 2003. Available from: http://www.iasociety.org/abstract/show.
asp?abstract_id = 11100
16. Stevens G, Rekhviashvili N, Scott L, Stevens W. Affordable HIV-1 monitoring:
a direct comparison of an improved p24 antigen assay and the Roche
Amplicor Monitor assay [Abstract 475]. The 2nd IAS Conference on HIV
Pathogenesis and Treatment, Paris, France, 13–16 July 2003. Available from:
http://www.iasociety.org/abstract/show.asp?abstract_id = 9880
17. Ghate MV, Mehendale SM, Mahajan BA, Yadav R, Brahme RG, Divekar AD,
et al. Relationship between clinical conditions and CD4 counts in HIV-infected
persons in Pune, Maharashtra, India. Natl Med J India 2000;13:183-7.
18. Schechter M, Zajdenverg R, Machado LL, Pinto ME, Lima LA, Perez MA.
Predicting CD4 counts in HIV-infected Brazilian individuals: a model based
on the World Health Organization staging system. J Acquir Immune Defic
Syndr 1994;7:163-8.
19. Hofer CB, Pinto ME, Zajdenverg R, Schechter M. p24 antigenaemia in HIV-1
infected Brazilians correlates with other markers of disease progression. J
Infect 1994;29:129-31.
20. Sehgal S, Datta U, Mujtaba S, Sood A, Vinayak VK. Cellular and serological
markers of disease activity in Indian patients with HIV/AIDS. Methods Cell
Sci 2002;24:107-14.
21. Mwaba P, Cassol S, Pilon R, Chintu C, Janes M, Nunn A, et al. Use of dried
whole blood spots to measure CD4+ lymphocyte counts in HIV-1-infected
patients. Lancet 2003;362:1459-60.
22. Graham S, Rodriguez W, Christodoulides N, Romanovicz D, Dixon M,
Goodey A, et al. Field testing of a portable microchip assay for CD4 counts
in Bostwana [Abstract 687]. The 2nd IAS Conference on HIV Pathogenesis
and Treatment, Paris, France, 13–16 July 2003. Available from: http://www.
iasociety.org/abstract/show.asp?abstract_id = 10372
23. Diagbouga S, Durand G, Sanou PT, Dahourou H, Ledru E. Evaluation of a
quantitative determination of CD4 and CD8 molecules as an alternative to
CD4+ and CD8+ T lymphocyte counts in Africans. Trop Med Int Health 1999;
4:79-84.
24. Kannangai R, Ramalingam S, Jesudason MV, Vijayakumar TS, Abraham OC,
Zachariah A, et al. Correlation of CD4(+) T-Cell counts estimated by
an immunocapture technique (Capcellia) with viral loads in human
immunodeficiency virus-seropositive individuals. Clin Diagn Lab Immunol
2001;8:1286-8.

587

Public Health Reviews
Diagnostic tests in HIV management
25. Wilja M, Janossy G, Glencross D, Barnett D, Mermin J, Downing RG.
Less expensive CD4+ T cell monitoring using panleucogating [Abstract
MoPeB3105]. The XIV International AIDS Conference, Barcelona, Spain,
7–12 July 2002. Available from: http://www.iasociety.org/abstract/show.
asp?abstract_id = 5137
26. Kohreanudom S. The benefit of using total lymphocyte count for monitoring
the treatment of HIV/AIDS patients in Thailand [Abstract MoPeB3103]. XIV
International AIDS Conference, Barcelona, Spain, 7–12 July 2002. Available
from: http://www.iasociety.org/abstract/show.asp?abstract_id = 3646
27. Kumarasamy N, Mahajan AP, Flanigan TP, Hemalatha R, Mayer KH,
Carpenter CC, et al. Total lymphocyte count (TLC) is a useful tool for the
timing of opportunistic infection prophylaxis in India and other resourceconstrained countries. J Acquir Immune Defic Syndr 2002;31:378-83.
28. Mane A, Patel A, Pujari S, Gupte N, Patel J, Patel K, et al. Total lymphocyte
counts (TLC) is a poor surrogate for CD4 counts amongst asymptomatic HIV
infected patients in resource limited settings [Abstract 481]. The 2nd IAS
Conference on HIV Pathogenesis and Treatment, Paris, France, 13–16 July
2003. Available from: http://www.iasociety.org/abstract/show.asp?abstract_
id = 10643
29. van der Ryst E, Kotze M, Joubert G, Steyn M, Pieters H, van der Westhuizen M,
et al. Correlation among total lymphocyte count, absolute CD4+ count, and
CD4+ percentage in a group of HIV-1-infected South African patients. J Acquir
Immune Defic Syndr Hum Retrovirol 1998;19:238-44.
30. Kumarasamy N, Chaguturu SK, Balakrishnan P, Mayer KH, Solomon S,
Flanigan TP. Low-cost strategies to monitor highly active antiretroviral therapy
in resource-limited settings [Abstract 589]. 11th Conference on Retroviruses
and Opportunistic Infections, San Francisco (CA), 8–11 February 2004.
Available from: http://www.retroconference.org/2004/cd/Abstract/589.htm
31. Hodara V, Monticelli A, Pampuro S, Salomón H, Jauregui Rueda H, Libonatti O.
HIV-1 viral load: comparative evaluation of three commercially available
assays in Argentina. Acta Physiol Pharmacol Ther Latinoam 1998;48:107-13.
32. Toure-Kane C, Diop-Ndiaye H, Diop A, Diaw PA, Gautron JL, Esnault A, et al.
Evaluation of LCx HIV RNA Quantitative assay performance on non-B patients
treated by HAART: comparison with bDNA in Senegal [Abstract 680]. The 2nd
IAS Conference on HIV Pathogenesis and Treatment, Paris, France, 13–16 July
2003. Available from: http://www.iasociety.org/abstract/show.asp?abstract_
id = 10662

April D Kimmel et al.
33. Ramalingam S, Kannangai R, Zachariah A, Mathai D, Abraham C. CD4 counts
of normal and HIV-infected south Indian adults: do we need a new staging
system? Natl Med J India 2001;14:335-9.
34. Ruxrungtham K, Ubolyam S, Hassink EA, Ungsedhapand C, Kroon E,
Duncombe C, et al. Significant differences between plasma HIV-1 RNA assays
in HIV-1 subtype E infected patients treated with antiretroviral therapy.
Asian Pac J Allergy Immunol 2002;20:105-11.
35. Nkengasong JN, Bile C, Kalou M, Maurice C, Boateng E, Sassan-Morokro M,
et al. Quantification of RNA in HIV type 1 subtypes D and G by NucliSens and
Amplicor assays in Abidjan, Ivory Coast. AIDS Res Hum Retroviruses 1999;
15:495-8.
36. World Health Organization, United Nations Children’s Fund, Joint United
Nations Programme on HIV/AIDS (UNAIDS), Médecins Sans Frontières.
Sources and prices of selected medicines and diagnostics for people living
with HIV/AIDS. A joint UNICEF, UNAIDS, WHO, MSF project. 2005. 6th
edition. Available from: http://mednet2.who.int/sourcesprices/sources.pdf
37. Kent DM, McGrath D, Ioannidis JP, Bennish ML. Suitable monitoring
approaches to antiretroviral therapy in resource-poor settings: setting the
research agenda. Clin Infect Dis 2003;37:S13-24.
38. Mukherjee JS, Farmer PE, Niyizonkiza D, McCorkle L, Vanderwarker C,
Teixeira P, et al. Tackling HIV in resource poor countries. BM J 2003;
327:1104-6.
39. Rabkin M, El-Sadr W, Katzenstein DA, Mukherjee J, Masur H, Mugyenyi P,
et al. Antiretroviral treatment in resource-poor settings: clinical research
priorities. Lancet 2002;360:1503-5.
40. Vermund SH, Powderly WG, on behalf of the Infectious Diseases Society of
America (IDSA) and the HIV Medicine Association of IDSA. Developing
a human immunodeficiency virus/acquired immunodeficiency syndrome
therapeutic research agenda for resource-limited countries: a consensus
statement. Clin Infect Dis 2003;37:S4-12.

Call for papers — Bulletin theme issue on “health and foreign policy”
The Bulletin welcomes submissions on the topic of “health and foreign policy” for a theme issue of the Bulletin to be published in March 2007.
Public health has become more important to the making and implementing of foreign policy over the past decade. Such explicit links have created
both opportunities and challenges for people working in health protection and promotion. We are seeking papers on the historical, theoretical, and
practical aspects of pursuing health as a foreign policy objective, and are particularly interested in research or policy and practice papers that provide
developing country perspectives on the relationship between health and foreign policy. Papers that use examples or case studies to illustrate how
foreign policy actions, instruments, or processes, constitute a determinant of health outcomes are also welcome. Papers submitted will be subject
to the Bulletin’s usual peer review process, and should be written in accordance with the Guidelines for Contributors, available from http://who.
int/bulletin/en. The deadline for submission is 1 October 2006.

588

Bulletin of the World Health Organization | July 2006, 84 (7)

