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++++

 

 T-cell levels are an important criterion for categorizing HIV-related
clinical conditions according to the CDC classification system and are there-
fore important in the management of HIV by initiating antiretroviral therapy
and prophylaxis for opportunistic infections due to HIV among HIV-infected
individuals. However, it has been observed that the CD4 counts are affected by
the geographical location, race, ethnic origin, age, gender and changes in total
and differential leucocyte counts. In the light of this knowledge, we classified
600 HIV seropositive antiretroviral treatment (ART)-naïve Indian individuals
belonging to different CDC groups A, B and C on the basis of CDC criteria of
both CD4% and CD4 counts and receiver operating characteristic (ROC)
curves were generated. Importantly, CDC staging on the basis of CD4% indi-
cated significant clinical implications, requiring an early implementation of
effective antiretroviral treatment regimen in HIV-infected individuals
deprived of treatment when classified on the basis of CD4 counts.
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Introduction

 

Acquired immunodeficiency syndrome (AIDS) is a progres-
sive deterioration of the immune status of the individual. It
is characterized by the progressive depletion of the CD4 T
lymphocyte population, which represents a major target of
viral infection by the causative human immunodeficiency
virus (HIV). Low absolute CD4 counts and the perturbed
cytokine network manifest havoc at clinical level. The clini-
cal consequences of HIV infection encompass a spectrum
ranging from an acute syndrome associated with primary
infection to prolonged asymptomatic state to advanced dis-
ease [1–8]. Consequently, with the staggering worldwide
growth of HIV pandemic, the US Public Health Service
(PHS) recommended that CD4

 

+

 

 T-cell levels be monitored
every 3–6 months in all HIV-infected persons to decrease
the clinical complications by initiating prophylaxis for vari-
ous opportunistic infections due to HIV and for initiating
and monitoring the efficacy of antiretroviral therapy [9–
11].

Hence, the Center for Disease Control and Prevention
(CDC) defined a set of guidelines and recommendations for
HIV-infected adolescents and adults on the basis of clinical
conditions associated with the HIV infection and CD4

 

+

 

 T-
lymphocyte counts [12–15]. The system is based on three

ranges of CD4

 

+

 

 T-lymphocyte counts or CD4% and three
clinical categories and is represented by a matrix of nine
mutually exclusive categories. This complex yet comprehen-
sive case definition of AIDS enables the clinician to view
HIV disease as a spectrum ranging from primary acute
phase to advanced clinical disease and thus plays an impor-
tant role in AIDS surveillance [13]. These CDC guidelines
have been based on studies done mostly in developed coun-
tries. A few studies have been carried out in developing
countries on the basis of the present staging and monitoring
system [16].

The influence of geographical location, racial and ethnic
background, age, sex and conditions of living, on the distri-
bution of human peripheral blood T-lymphocyte subpopu-
lations have already been documented in various studies
[17–26]. We have previously determined the lymphocyte
subset reference range in HIV-seronegative North Indian
adults [27]. In an extension of this previous study, we tried to
classify HIV-seropositive antiretroviral treatment (ART)-
naïve Indian individuals on CDC criteria of clinical
symptoms and CD4% and CD4 counts. The optimum cut-
off values of CD4 counts and CD4% obtained were com-
pared with the CDC recommended values. The present study
also aimed to investigate the CDC staging of HIV-1 patients,
on the basis of CD4 counts and CD4%, and the clinical
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implications in terms of HIV treatment and prophylaxis of
these two staging criteria in an Indian population.

 

Materials and methods

 

Study population

 

The study was conducted from January 2003 to July  2004.
We included 600 consecutive ART-naïve HIV-seropositive
patients at various stages of disease progression: approxi-
mately 200 each in CDC group A, B and C. The groups A, B
and C are based on clinical symptoms and further divided
into subgroups on the basis of CD4 counts or CD4%
(Table 1). All these patients were attending the AIDS clinic at
the Department of Microbiology, AIIMS, Ansari Nagar, New
Delhi.

 

Sample collection

 

Five ml of whole blood sample was collected from each of the
HIV-infected individuals by venipuncture in K

 

3

 

EDTA vacu-
tainer tubes after pre-test counselling and informed consent.
To exclude the influence of circadian variation on lympho-
cyte subpopulations, samples were collected between 0800
and 1200 h. An aliquot of the sample was kept for
haematological analysis.  All  the samples were held at room
temperature and were processed within 2 h of collection.

 

Flow cytometry

 

Dual-colour immunophenotyping was performed using
standard whole blood methodology, four tube panel: CD45/
CD14; CD3/CD4; CD3/CD8 and isotype controls IgG1/IgG1
[14,15].  A  total  number  of  10 000  events  were  acquired
for each tube on a FACSCalibur (Becton Dickinson, San Jose,
CA, USA) flow cytometer immediately after processing. The
flow cytometer was calibrated with CaliBrite beads (BD)
using FACSComp software. The compensation settings were

verified using CD8

 

+

 

 bright population for both FITC and PE
fluorescent markers, respectively. Background staining
(

 

<

 

 5%) was assessed using appropriate isotype controls.
Analysis was done by the Cell Quest software (Becton Dick-
inson) using a set of criteria for quality control [15,18].

 

Haematology

 

Absolute counts of cells were calculated by multiplication of
the percentage of respective lymphocyte subset by the
differential lymphocyte percentage and total leucocyte
counts obtained using an automated cell counter (MS9 cell
counter analyser, Melet Schloesing Laboratories, Pontoise,
France).

 

Statistical analysis

 

The mean values and 95% confidence intervals of different
lymphocyte subsets among the HIV-infected individuals
belonging to CDC groups A, B and C were calculated for the
middle 95% values, excluding the outlier 2·5% observations
on each side. The patients were classified according to CDC
criteria of CD4 counts and CD4% into different subgroups
in each of the symptom groups A, B and C. Patients belong-
ing to the same subgroup in each CDC group A, B and C
were pooled (A1 

 

+

 

 B1 

 

+

 

 C1, A2 

 

+

 

 B2 

 

+

 

 C2, A3 

 

+

 

 B3 

 

+

 

 C3)
and collectively assigned as group 1, 2 and 3, respectively.
These groups were compared using receiver operating char-
acteristics (ROC) curve analysis, to determine the optimum
cut off values. Classification based on recommended abso-
lute counts was used to determine the optimum cut-off val-
ues for CD4% and classification based on recommended
CD4% was used to determine optimum absolute CD4 count
cut-offs. All patients were also classified into a CDC matrix
on the basis of clinical symptoms and CD4 counts and also
on clinical symptoms and CD4%, as recommended by the
CDC. Both these classifications were compared. STATA 7·0
software was used for all statistical analysis.

 

Table 1. 

 

 CDC classification system for HIV infection

 

.

 

CD4

 

+ 

 

T-cell count

(cells/

 

m

 

l.) (CD4%)

Clinical categories 

A

Asymptomatic,

acute (primary)

 HIV or PGL*

B 

Symptomatic, 

not A or C

conditions†

C

AIDS-indicator 

conditions‡

 

>

 

 500 (28%) A1 B1 C1

200–499 (15–28%) A2 B2 C2

 

<

 

 200 (14%) A3 B3 C3

*Category A: asymptomatic HIV infection, persistent generalized lymphadenopathy (PGL). † Category B: oropharyngeal and vulvovaginal candid-

iasis, constitutional symptoms such as fever (38·5

 

∞

 

C) or diarrhea lasting 

 

>

 

1 month, herpes zoster (shingles). ‡ Category C: 

 

Mycobacterium tuberculosis

 

(pulmonary and disseminated), 

 

Pneumocystis carinii

 

 pneumonia, candidiasis of bronchi; trachea or lungs, extrapulmonary cryptococcosis, CMV, HIV-

related encephalopathy, Kaposi’s sarcoma, wasting syndrome due to HIV.
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Results

 

A total of 217 HIV-infected individuals belonging to CDC
group A comprised 137 males and 80 females with a mean
(SD) age of 30·6 (9·8) years. A total of 180 HIV-infected indi-
viduals (135 men, 45 women) belonged to CDC group B
with a mean (SD) age of 32·2 (9·7) years. A total of 202
patients (168 men, 34 women) were in CDC group C with a
mean (SD) age of 34·3 (9·8) years. Flow cytometric analysis
(Cell Quest software) generated values for CD4% and
CD3%. Absolute CD4

 

+

 

 T cell counts were derived using the
differential lymphocyte percentage and the total leucocyte
count (TLC) values obtained from the auto-analyser [19].
The mean values of different lymphocyte subsets (excluding
the outliers) among the HIV-infected individuals belonging
to CDC groups A, B and C are represented in Table 2. All the
measurements were done using the same sample preparation
technique, abiding by the same set of quality control crite-
rion, using the same flow cytometer and auto-analyser for
the entire duration of study.

The patients were classified according to CDC criteria of
CD4% into different groups. The CDC subgroups A1, B1
and C1 were pooled as group 1 and compared with the
pooled group 2 comprising of A2, B2 and C2. Similarly, the
pooled group 3 of A3, B3 and C3 was compared with the
pooled group 2. The optimum cut-off values of CD4
counts were established by generating ROC curves between
the above-mentioned CDC groups 1 and 2 and between
CDC groups 2 and 3 (Fig. 1a,b). Cut-off values of 475 and
250 cells/

 

m

 

l for CD4 counts were deduced from these ROC
curves. The sensitivity (Sn) and specificity (Sp) at these
cut-offs were compared with the CDC classification values
(Table 3). Our observed Sn and Sp values for CD4 counts

 

≥

 

475 to categorize as subgroup 1 in CDC groups A, B and
C were 77·78% and 77·88%, respectively, which corre-
sponded well with the values for the recommended CDC
cut-off. Similar findings were also observed for the
obtained optimum cutoff of 

 

>

 

250 between subgroup 2 and
subgroup 3.

 

Table 2.

 

Distribution of lymphocyte subsets among HIV-infected CDC groups A, B and C

 

.

 

Lymphocyte

subset

CDC group A

(

 

n

 

 

 

=

 

 212)

CDC group B

(

 

n

 

 

 

=

 

 172)

CDC group C 

(

 

n

 

 

 

=

 

 194) 

Mean 95%CI Mean 95%CI Mean 95%CI

CD4

Count/

 

m

 

l. 379·2 348·5–410 218·9 195·4–242·3 163·4 147·0–179·8

CD4% 15·9 15·0–16·7 11·6 10·5–12·8 9·7 8·9–10·6

CD8

Count/

 

m

 

l. 1351·2 1250–1452·3 1164·3 1061·5–1261·0 1046·5 936·7–1156·3

CD8% 54·9 53·3–56·5 58·7 56·8–60·7 58·5 56·6–60·3

CD4/CD8 ratio 0·32 0·30–0·35 0·20 0·19–0·25 0·18 0·16–0·20

WBC count/

 

m

 

l. 7·1 6·6–7·5 6·3 5·8–6·8 6·0 5·5–6·5

Lymphocyte% 35·3 34·2–36·4 32·6 31·0–34·2 30·6 29·1–32·0

 

n

 

, number of individuals (excludes outliers).

 

Fig. 1.

 

(a) ROC curve for determining the optimum cut-off of CD4 

count between CDC groups A1 

 

+

 

 B1 

 

+

 

 C1 and A2 

 

+

 

 B2 

 

+

 

 C2, based on 

CD4 percentage. (b) ROC curve for determining the optimum cut-off 

of CD4 count between CDC groups A2 

 

+

 

 B2 

 

+

 

 C2 and A3 

 

+

 

 B3 

 

+

 

 C3, 

based on CD4 percentage.

Area under ROC curve = 0·7845
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The analysis was repeated after classifying the patients
according to CDC criteria of CD4 counts into different sub-
groups with ROC analysis to determine the optimum cut-
off values of CD4%. The threshold values of 

 

>

 

18% and

 

£

 

10% were obtained for CD4% (Fig. 2a,b). The sensitivity
and specificity values for our observed cut-offs of 

 

>

 

18%
and 

 

£

 

10% for CD4% indicate a substantial deviation from
those obtained with the recommended CDC cut-off values
of 

 

>

 

28% and 

 

£

 

14% (Table 4). For example, the sensitivity
with the CDC recommended cut-off of 28% was only
13·7% as compared to 73·6% with the obtained cut-off of
18%.

The patients were also classified into a CDC matrix on the
basis of clinical symptoms, and CDC recommended CD4
counts and CD4% values. The cross-classification of differ-
ent subgroups within each of CDC A, B and C groups by
these two criteria are shown in Table 5. As can be seen, there
are differences in the distribution of patients with respect to
the subcategorization based on CD4 counts and CD4% val-
ues. Among the 41 patients classified in category CDC A1
according to CD4 counts, more than three-quarters (85·4%)
were classified as CDC A2 or CDC A3 by the CD4% criteria.
Similarly, of the 130 patients classified as CDC A2 by CD4
criteria, 38·5% were categorized as CDC A3 by the CD4%
criteria. The classifications among CDC B and CDC C
groups also show similar trends.

 

Discussion

 

The obtained optimum cut-off values of CD4 counts with
the patient distribution on CD4% corresponded well with
the values for the recommended CDC cut-off for CD4
counts. However, similar findings were not observed for
threshold CD4% values when the patients were classified
according to the recommended CDC cut-off for CD4 counts.

 

Table 3. 

 

 Comparison of CDC and observed Indian cut off values for CD4 count with patient distribution on CD4 percentage

 

.

 

CDC cut-off Observed Indian cut-off 

CD4 

count

Sensitivity

(Sn)

Specificity

(Sp)

CD4

count

Sensitivity

(Sn)

Specificity 

(Sp)

 

≥ 

 

500 77·78 81·73

 

>

 

 475 77·78 77·88

201–500 86·54 72·02 251–475 79·81 79·22

 

£ 

 

200 – –

 

£ 

 

250 –  –

 

Fig. 2.

 

(a) ROC curve for determining the optimum cut-off of CD4 

percentage between CDC groups A1 

 

+

 

 B1 

 

+

 

 C1 and A2 

 

+

 

 B2 

 

+

 

 C2, based 

on CD4 counts. (b) ROC curve for determining the optimum cut-off 

of CD4 percentage between CDC groups A2 

 

+

 

 B2 

 

+

 

 C2 and 

A3 

 

+

 

 B3 

 

+

 

 C3 based on CD4 counts.

Area under ROC curve = 0·7951
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Table 4. 

 

 Comparison of CDC and observed Indian cut off values for CD4 percentage with patient distribution on CD4 counts

 

.

 

CDC cut-off Observed Indian cut-off 

CD4%

Sensitivity

(Sn)

Specificity

(Sp) CD4%

Sensitivity

(Sn)

Specificity 

(Sp)

 

>

 

 28 13·73 99·62

 

>

 

 18 74·51 73·56

15–28 49·43 93·61 11–18 84·67 76·32

 

£ 

 

14 – –

 

£ 

 

10 – –



 

HIV-treatment implications of CDC staging

 

© 2005 British Society for Immunology, 

 

Clinical and Experimental Immunology

 

, 

 

141:

 

 485–490

 

489

 

The matrix also indicated some differences in the distri-
bution of patients with respect to CD4 counts and CD4%
into various CDC categories. The CD4% criterion tends to
divide more patients into subgroups 2 and 3 as compared to
the absolute CD4 count criteria. As can be seen from Table 5,
of the total 212 patients of CDC A, 41 (19·3%) were found to
be of A1 by CD4 values as against only 6 (2·8%) by the
CD4% values. The same observations are reflected in CDC
groups B and C (Table 5). This also emphasizes that CD4
expressed as a percentage is a better prognostic marker than
the absolute CD4 counts because CD4 expressed as a per-
centage is not affected by changes in total and differential
leucocyte counts as compared to the absolute counts in dual-
platform technology [27].

Hence, the results from the present study indicate that
HIV-infected Indian patients, who require effective initiation
of antiretroviral treatment on the basis of their clinical cat-
egory and CD4%, may be deprived of it in lieu of adopting a
staging criterion for HIV infection based on their clinical cat-
egory and absolute CD4 counts. Therefore, we propose a new

classification system based on clinical category and CD4%
for an HIV-infected Indian population (Table 6).

 

Conclusions

 

The present study in an Indian population raises a few ques-
tions regarding the relevance of the current CDC staging sys-
tem based on absolute CD4 counts in the HIV-infected
population. It also emphasizes the importance of CD4% val-
ues in the staging of HIV patients so that effective antiretro-
viral treatment can be initiated at an appropriate time during
the surveillance of the HIV-infected population. However,
similar investigations need to be done in different settings to
arrive at a conclusion about the utility of CDC staging based
on absolute CD4 count vis-à-vis CD4% based staging.
Therefore, HIV-1 risk management remains a tight-rope
walk that has to be balanced between the initiation of anti-
retroviral treatment and the potential benefit of this prophy-
laxis in delaying the onset of clinical events, thus decreasing
the physical and psychological morbidities.

 

Table 5.

 

Classification of patients in CDC matrix on basis of CD4 counts and CD4 percentage for CDC groups A, B and C

 

.

 

CD4%

CD4 counts 

TotalA/B/C1* A/B/C2* A/B/C3*

Group A A1 A2 A3

A1 6 (14·6%) 0 (0·0%) 0 (0·0%) 6 (2·8%)

A2 30 (73·2%) 80 (61·5%) 7 (17·1%) 117 (55·2%)

A3 5 (12·2%) 50 (38·5%) 34 (82·9%) 89 (42·0%)

Total 41 (100·0%) 130 (100·0%) 41 (100·0%) 212 (100·0%)

Group B B1 B2 B3

B1 1 (10·0%) 1 (1·5%) 1 (1·1%) 3 (1·7%)

B2 8 (80·0%) 33 (49·3%) 6 (6·3%) 47 (27·3%)

B3 1 (10·0%) 33 (49·3%) 88 (92·6%) 122 (70·9%)

Total 10 (100·0%) 67 (100·0%) 95 (100·0%) 172 (100·0%)

Group C C1 C2 C3

C1 0 0 (0·0%) 0 (0·0%) 0 (0·0%)

C2 0 37 (57·8%) 7 (5·4%) 44 (22·7%)

C3 0 27 (42·2%) 123 (94·6%) 150 (77·3%)

Total 0 64 (100·0%) 130 (100·0%) 194 (100·0%)

*Groups A1–3, B1–3, C1–3 as defined in Table 1

 

Table 6.

 

Proposed classification system for an HIV-infected Indian population

 

.

 

CD4

 

+ 

 

T-cell count

(cells/

 

m

 

l.) (CD4%)

Clinical categories 

A

Asymptomatic,

acute (primary)

HIV or PGL*

B  

Symptomatic, 

not A or C

conditions†

C

AIDS-indicator 

conditions‡

 

>

 

 475 (18%) A1 B1 C1

251–475 (11–18%) A2 B2 C2

 

£ 

 

250 (10%) A3 B3 C3

*Category A: asymptomatic HIV infection, persistent generalized lymphadenopathy (PGL). † Category B: oropharyngeal and vulvovaginal can-

didiasis, constitutional symptoms such as fever (38·5

 

∞

 

C) or diarrhea lasting 

 

>

 

1 month, herpes zoster (shingles). ‡ Category C: 

 

Mycobacterium

tuberculosis

 

 (pulmonary and disseminated), 

 

Pneumocystis carinii

 

 pneumonia, candidiasis of bronchi; trachea or lungs, extrapulmonary cryptococcosis,

CMV, HIV-related encephalopathy, Kaposi’s sarcoma, wasting syndrome due to HIV.
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