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CD4 counts of normal and HIV-infected south Indian adults:
Do we need a new staging system?

SANDEEP RAMALINGAM, RAJESH KANNANGAI, ANAND ZACHARIAH, DILIP MATHAI,
O. C.ABRAHAM

ABSTRACT
Bdckground The normal range of CD41ymphocyte count

varies among different ethnic groups. In populations with CD4
counts inherently lower than in the West, the Centers for
Disease Control and Prevention (CDC) classification system of
HIV-infected individuals may not be appropriate. No such
criterion is currently available for ethnic south Indian HIV-
infected individuals. We undertook this study to assess the
applicability of the western case definition to south Indian HIV
patients.

Methods. The CD4 counts of 104 normal and 79 HIV-
infected south Indian adults were estimated by tlowcytometry.
The mean CD4 counts were estimated and compared
between CDC groups A, Band C and controls. Receiver
operator characteristics curves were generated to determine
the cut-off that correlated best with clinical staging for this
population.

Results. The mean CD4 and CD8 cell counts/Ill and the
CD4/CD8 ratio of the control group were 799.0, 919.6 and
0.94, respectively. For CDC groups A, Band C, the mean CD4
counts/Ill were 454.4, 254.4 and 168; mean CD8 counts/Ill
were 1156, 1070.9 and 1191.3; and mean CD4/CD8 ratios
were 0.44, 0.25 and 0.15, respectively.

Conclusion. The mean CD4 count among nonnal south
Indians is significantly lower than that in the western population
and parallels that of the Chinese. When categorized based on the
CDC classification system, the mean CD4 count of HIV-infected
individuals was lower. Categories of CD4 counts > 300, 81-
300 and ~80 cells/ul and CD4% > 14,7-14and s6 correlate
better with disease progression among HIV-infected individuals.
A longitudinal study is required before guidelines for the Indian
population can be devised.
Natl Med J India 2001; 14:335-9

INTRODUCTION
The fact that HIV infection causes a gradual loss of CD4+ T cells
is used to monitor disease progression. In most developing coun-
tries, CD4 estimation is not routinely performed. Where per-
formed, western standards are used for the interpretation of results
for treatment decisions and counselling on prognosis. It is well
known that the normal range of CD4 and CD81ymphocyte counts
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varies among different ethnic groups.':" In general, Caucasians
have higher CD4 counts than Asians.v' Among Africans, some
populations have higher CD4 counts than Caucasians while
others have lower counts." These differences in the CD4 counts
are also reflected in HIV -infected patients of different ethnic
groups.t?"

The Centers for Disease Control and Prevention (CDC)
classification system is commonly followed to monitor disease
progression in HIV -infected individuals. The cut-off values for
CD4 count with increasing disease progression are >500, 200-
500 and <200 cells/ul and those for CD4% are >28, 14-28 and
<14. An individual with a CD4 count <200 cells/ul or CD4%
<14 is considered to have acquired immune deficiency syndrome
(AIDS).8 The best time to start antiretroviral therapy in HIV-
infected individuals has been debated. The British HIV Associa-
tion (BHIV A),9 the International AIDS Society (IAS) 10and the
US Public Health Service (USHPS)IInfectious Diseases Society
of America (IDSA)II and the Panel on Clinical Practices for
Treatment of HIV Infection convened by the Department of
Health and Human Services (DHHS) and the Henry J. Kaiser
Family Foundation 12currently recommend treatment for all indi-
viduals whose CD4 counts are <350 cells/ul irrespective of the
RNA levels and for those with CD4 counts >350 cells/ul,
depending on their viral RNA loads.

If the criterion based on Caucasian studies is followed in
populations with'baseline CD4 values lower than those of Cauca-
sians, a subset of individuals may be treated with antiretroviral
drugs and given prophylaxis for opportunistic infections at a stage
before significant immune deficiency has occurred. This means an
increase in financial burden both for the individual and the State.
In populations with inherently low CD4 counts in healthy con-
trols, as seen in studies on Asians and some African groups, a
lower cut-off value would have important clinical implications.

A study on HIV-uninfected Chinese adults has shown that their
baseline CD4 counts are lower than those of Caucasians. 3 Based
on a longitudinal follow up of HIV-infected Chinese patients, a
new criterion for consideration of therapy, i.e. a CD4 count> 220,
100-220, <100 cells/ul and CD4% >12, 6-12 and <6, which
would be more appropriate for their population has been estab-
lished.!' No such criterion is currently available for ethnic south
Indian patients who constitute a distinct group among the popu-
lations ofthe Indian subcontinent. We thus analysed the lympho-
cyte counts in both healthy and HIV-infected south Indian adults
in different stages of disease progression. We propose a new
model for the interpretation of CD4 counts in this population
based on our analysis.

PATIENTS AND METHODS
We included HIV-uninfected adult volunteers (n = 104) and HIV-
infected (n=79) patients. Participants of both groups belonged to
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the four major linguistic categories (i.e. Tamil-, Malayalam-,
Kannada- and Telugu-speaking populations) of south India.

The HIV -uninfected adult volunteers (> 18 years of age) were
enrolled as part of the study to estimate various lymphocyte
subpopulations in the south Indian population. They consisted of
42 volunteers from the general public (including healthy relatives
of HIV-infected patients), 24 college students (including medical
students), 19doctors and 19 laboratory technicians working in the
hospital (total 104). All the volunteers were screened for any
minor illness within the past month; history of blood transfusion
within 3 months; major illness, surgery or vaccination within
6 months; and history of chronic illnesses, allergic conditions,
drug abuse, chronic smoking and/or excess alcohol consumption.
Women who were menstruating, pregnant or lactating were ex-
cluded. Blood samples were collected in EDTA-treated tubes
before 10 a.m. after ensuring lack of excess physical activity
within the past hour. Written informed consent for HIV antibody
screening was obtained and the samples were tested by a second-
generation ELISA (Detect HIV, Biochem Immunosystems,
CanadalInnotest, Innogenetics, Belgium).

The CD4 counts of HIV -infected patients were estimated
between January and November 1998 at the discretion of the
treating physician (when the patient could afford to pay for the
test). Among them, 38 patients could not be included for analysis
(8 were HIV uninfected, 9 were <18years of age, 8 were not ethnic
south Indians, 3 were on antiretroviral therapy, 5 were being
treated with homoeopathic drugs and one patient was co-infected
with HTLV-I). Seventy-two of the 79 patients included for analy-
sis were attending our hospital, and 7 patients were referred by
physicians from other hospitals for estimation of CD4 counts. The
patients were classified as per the CDC classification system as
asymptomatic (CDC group A, n = 46), symptomatic but not AIDS
(CDC group B, n=ll) and AIDS (CDC group C, n=22).

All the samples were processed within 6 hours as per the
manufacturers' instructions. They were analysed with a FACScan
flow cytometer (Becton Dickinson, CA, USA) with SimulSet
software. For the HIV-uninfected group, CD45/CD14, isotypic
control and CD4/CD8 monoclonal antibody (Becton Dickinson,
CA, USA) were used as part of a complete immunophenotyping
protocol, while for the HIV-infected group, in which only CD4 and
CD8 estimation was done as a marker of progression of the
disease, CD45/CD14, isotypic control, CD3/CD4 and CD3/CD8
monoclonal antibody (DAKO AlS, Glostrup, Denmark) were
used. To derive the absolute CD4 and CD8 counts, total and
differential white blood cell counts as measured by Coulter T-540
or Maxm (Coulter Corporation, FL, USA) were used.
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The mean counts of the HIV-uninfected and HIV-infected
groups were compared. Subsequently CDC groups A and Band
CDC groups Band C were compared using the t test. A p value
<0.05 was considered significant. To determine if the CD4/CD8
values of the control group were different from other population
groups, relevant publications were identified by a Medline search.
Data from three studies in which the sample size, mean and
standard deviation were available were used for comparison. The
comparison of mean cell counts within population groups was
done using the t test.

To determine the counts that correlated best with clinical
staging for this population, sensitivity and specificity were calcu-
lated at increments of 20 cells for CD4 count and at increments of
2% for CD4%. Receiver operator characteristics (ROC) curves
were generated for establishing the optimum cut-off value be-
tween groups. Epi info version 6.04c software" was used for
statistical analysis.

RESULTS
Ofthe 104HIV-uninfected volunteers, 65, 29, 2, 6 and 2 were from
the states of Tamil Nadu, Kerala, Kamataka, Andhra Pradesh and
the Union Territory of Pondicherry, respectively. Of the HIV-
infected individuals, 40, 7, 6 and 26 individuals were from the
states of Tamil Nadu, Kerala, Kamataka and Andhra Pradesh,
respectively.

The HIV-uninfected group comprised 83 men and 21 women.
Their mean (SD) age was 28.5 (8.2) years (range: 18-56). The
mean (SD) age of men was 29.03 (8.3) years (range: 18-56) and
of women 26.57 (7.4) years (range: 20-49). Among the 79 HIV-
infected individuals, 46 (33 men, 13 women) were asymptomatic
with a mean (SD) age of 34.17 (11.5) years (range: 19-71). The
mean (SD) age of men was 34.46 (10.3) years (range: 19-71) and
of women 33.46 (14.6) years (range: 21-65). There were 33 (28
men, 5 women) patients with symptomatic HIV infection/AIDS
with a mean (SD) age of 36.97 (9.2) years (range: 22-62); men:
37.54 (9.2) years (range: 25-62); women 33.8 (9.0) years (range:
22-46).

When the controls were stratified by age or gender, there was
no significant difference in the total white cell, lymphocyte, CD4
and CD8 counts or percentages. Hence, stratification by age or sex
was not followed for further analysis. The means were calculated
only for values that fell within the central 95th centile, excluding
5 outliers (Table I).

The differences in the CD4 counts, CD4%, CD8 counts,
CD8% and CD4/CD8 ratio were statistically significant between
the control and CDC group A (Table I). When CDC groups A and

TABLEI. Distribution oflymphocyte subsets among controls and HIV-infected CDC groups A, B, and C

Item Control CDCgroupA CDCgroupB CDCgroupC Kruskal-Wallis pvalue
(n=99)* (n=46)t (n=II):j: (n=22)§ Hvalue

Mean 95%CI Mean 95%CI Mean 95%CI Mean 95%CI
CD4count/Ill 799.0 753.3-844.7 454.411 381.7-527.1 254.4'll 170.2-338.6 168.0** 117.9-218.1 104.5 <0.001
CD4% 33.0 31.8-34.2 19.311 16.9-21.7 13.4'll 9.0-17.8 8.7** 6.3-11.1 116.6 <0.001
CD8count/Ill 919.6 854.9-984.3 1156.O'\I 1003-1309 1070.9** 844.4-1297.4 1191.3** 915.4-1467.2 9.9 0.01
CD8% 37.4 35.9-39.0 49.211 45.5-52.9 56.7** 49.7-63.7 61.0** 56.4-65.6 74.9 <0.001
CD4/CD8 ratio 0.94 0.9-1.0 0.4411 0.33-0.55 0.25'lJ 0.16-0.34 0.15'll 0.1-0.2 118.2 <0.001
Whitecellcount/Ill 7767.7 7417.9-8115.4 7863.0** 7290.2-8435.8 6750.0** 6151.4-7348.6 6163.6** 5260.7-7066.5 11.9 0.007
Lymphocyte count/ul 2456.3 2321.4-2591.2 2350.0** 2121-2579 1917.6** 1511.1-2324.2 1888.1** 1485.5-2290.7 11.7 0.008
Lymphocyte% 32.0 30.6-33.3 29.8** 27.2-32.4 28.5** 22.4-34.6 30.7** 25.7-35.7 3.3 0.344

* central 95- centile only (excludes 5outliers) t comparison with control group * comparison with CDC group A § comparison with CDC group B pvalue IkO.OOI 'l]<O.05 **>0.05
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B were compared, there was a statistically significant difference in
CD4 counts, CD4% and CD4/CDS ratio. However, there was a
significant difference only in the CD4/CDS ratio between CDC
groups Band C.

To establish the optimum cut-off values between CDC groups
A and B and also between CDC groups Band C, ROC curves were
generated. Figures 1 and 2 show the ROC curves comparing CDC
groups A and B, and CDC groups Band C. Cut-off values of300
and SOcells/ul for CD4 cells and 14% and 6% for CD4% were
deduced from the curves. Their sensitivity and specificity as
compared to the CDC classification is also shown. Table II gives
a comparative distribution of HIV-infected individuals when
categorized based on the CDC CD4 cut-off value and the proposed
CD4 cut-off value.

DISCUSSION
This study provides the first estimate of CD4 and CDS counts
among healthy south Indian adults (Table I). When the mean and
twice the standard deviation were measured for the control
group, the lower limit of normal was 335 CD4 cells/ul. Thus, in
this population, CD4 counts among normal adults could be
lower than 500 cells/ul. In fact, 11 (l 0.6%) of the 104 controls
had CD4 values <500 cells/ul. This is similar to the value of
<500 CD4 cells/ul seen among 10.7% of heal thy Chinese adults. 3
The Chinese study showed that the estimate of CD4 cells was
7.1 % higher when stained with CD4/CDS monoclonal antibod-
ies than with CD3/CD4 monoclonal antibodies. Hence, the
mean values of the south Indian controls could be lower than
estimated. The CD4 counts were also closer to the value cited as
an unpublished data on a smaller sample size from the National
AIDS Research Institute (NARI) Pune, India (CD4 counts=777
cells/ul, n=21).IS

To confirm that the counts were different from those of other
ethnic groups available in the literature, a comparison was done
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with studies in which the mean, sample size and standard devia-
tion were available (Table III). From the Chinese study, values
derived with CD4/CDS monoclonal antibodies were used for
comparison. The combinations of the monoclonal antibodies used
in the North American study were not clear while there was no
mention of the monoclonal antibodies used in the Israeli study.
The CD4 counts of our sample were similar to those of the Chinese
(p=0.065),3 higher than those of the Ethiopians (p<0.001),2 and
lower than those of the North Americans' (p<O.OO1).I The CD4%
was lower than those of the Chinese (p<0.001)3 and the CDS
counts were higher than those of the Chinese (p<0.001),3 Ethiopi-
ans (p<O.OOI),Israelis (p<0.001)2 and North Americans (p=0.003)'
while the CDS% was lower than those of the Chinese (p<0.001).3
The CD4/CDS ratio was comparable to that of the Ethiopians
(p=0.127) 2 and Chinese (p=O.IS),3 but was significantly lower
than that of the Israelis (p<0.OOl).2 The total lymphocyte count
was higherthan in the Chinese (p<O.001),3Ethiopians (p<0.001)2
and Israelis (p=0.003).2

The different studies quoted had different sample selection
procedures and this could potentially affect the comparison among
normal individuals. Overall, the T-Iymphocyte profile of our
sample paralleled the values from western India's and China
rather than those of the Caucasians, perhaps because the former
two groups live in conditions similar to those of our sample.

When CDC groups A and B were compared, there was a
significant difference in the values of CD4%, CD4 counts and
CD4/CDS ratio. There was a significant difference only in the
CD4/CDS ratio between CDC groups Band C. Cut-off values of
300 and SOCD4 cells/ul and CD4% at 14 and 6 were inferred to
discriminate between CDC groups A and B and between CDC
groups Band C (Figs. 1and 2). Though the monoclonal antibodies
used in this study were different between the control and patient
groups this should not affect the calculated cut-off values as there
is no direct comparison of values between the two groups for ROC

TABLE II. Comparative stratification of HIY-infected south Indian individuals by the CDC
criteria and the proposed criteria (all values are percentages)

CDCcut-off CDCA CDCB CDCC Proposed CDCA CDCB CDCC
(n=46) (n=ll) (n=22) cut-off (n=46) (n=ll) (n=22)

CD4 count/ul CD4 count/ul
>500 34.78 0 0 >300 71.74 36.36 22.73
201-500 52.17 54.55 36.36 81-300 28.26 45.45 36.36
<:;200 13.04 45.45 63.64 :0;80 0 18.18 40.91
CD4% CD4%
>28 10.87 9.09 0 >14 65.22 27.27 18.18
15 - 28 54.35 18.18 18.18 7-14 34.78 54.55 31.82
£14 34.78 72.73 81.82 :0;6 0 18.18 50

TABLE III. Comparison of lymphocyte subsets seen among various ethnic groups

Item Our study Chinese 3 North American 1 Israelis? Ethiopian?

n=99 n=208 p* n=34 p* n=38 p* n=63 p*

Lymphocyte count 2456.3 1981.0 <0.001 2281 ns 2101.0 0.003 1799.0 <0.001
CD4 count/ul 799.0 785 ns 1013 <0.001 863.9 ns 675.0 <0.001
CD4% 33.0 39 <0.001 na na na
CD8 count/ul 919.6 805 <0.001 743 0.003 679.8 <0.001 735.6 <0.001
CD8% 37.4 40.6 <0.001 na na na
CD4/CD8 ratio 0.94 1.0 ns 1.36 na 1.4 <0.001 1.0 ns

• vsouth Indians (includes four linguistic and domiciliary groups, i.e.: Tamil-, Malayalam-, Telugu- and Kannada-speaking population)
The south Indian and Chinese values have been derived with CD4/CD8 monoclonal antibodies and the monoclonal antibody used in the
Israeli study is not mentioned
na not available ns not significant
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FIG 1. ROC curve of CD4 counts and CD4% between CDC
groups A and B. CD4 $500 (sensitivity 100%, specificity
34.8%); CD4 $300 (sensitivity 63.6%, specificity 71.7%);
CD4% $28 (sensitivity 90.9%, specificity 10.9%); CD4% $14
(sensitivity 72.7%, specificity 65.2%)

curve generation. The cut -off value of 300 CD4 cells/ul between
CDC groups A and B had a higher specificity than the CDC cut-
off of 500 cells/ul. The increased specificity would help in better
discrimination between these groups. The discrimination between
CDC groups Band C is not as evident as that between CDC groups
A and B. The sensitivity for the cut-off value of 80 CD4 cells was
very low but the specificity was higher than the CDC cut-off of200
CD4 cells. The low sensitivity may be a reflection ofthe retrospec-
tive nature of clinical data collection. This can probably be
rectified by a longitudinal follow up of HIV-infected patients as
has been done by the Chinese group."

A comparison of the distribution of infected individuals when
classified as per the CDC criteria and the proposed criteria is given
in Table II. The new criterion discriminates better than the CDC
criteria, especially for CDC group A.

When HIV -infected patients were classified as per the WHO
classification, 46, 11, 7 and 15 individuals were classified as
asymptomatic, and in early, intermediate and late stages of the
disease, respectively. There were significant differences in the
CD4 counts, CD4%, CD8%, CD4/CD8 ratio and total white cell
counts among these groups. We also compared the usefulness of
the WHO classification of <1000, 1000--2000 and> 2000 Iympho-
cytes" to discriminate between the clinical groups. The cut-off
value of 2000 cells had a sensitivity of 45.5% and a specificity of
65.2% while the sensitivity for the cut-off of 1000 cells was a very

FIG 2. ROC curve of CD4 counts and CD4% between CDC
groups Band C. CD4 $200 (sensitivity 63.6%, specificity
54.5%); CD4 $80 (sensitivity 40.9%, specificity 81.8%);
CD4% $14 (sensitivity 81.8%, specificity 27.3%); CD4% $6
(sensitivity 50%, specificity 81.8%)

low 18.2% with a specificity of90.9%. We were unable to arrive
at a cut-off value for lymphocytes, as there was no significant
difference between the groups.

The limitations of our study included the non-probability
sampling, cross-sectional design and small sample size, espe-
cially among the symptomatic HIV -infected group and those with
AIDS. In addition, it was based on a single estimation of CD4
counts from each sample. Despite its limitations, our study brings
out the need for a fresh appraisal of the cut-off value for CD4
lymphocyte subsets for different population groups. In the study
from NARI,15in which normal adults had CD4 counts similar to
those in our study, individuals classified as having mild HIV
infection by the WHO classification were being classified as
moderate as per the CDC criterion because of their lower CD4
counts. The authors have argued that this could be due to lack of
facilities to diagnose opportunistic infections. It may also be a
reflection of the lower CD4 counts seen among healthy adults in
these populations. A longitudinal study of HIV -infected patients
at various stages of disease progression would be the best method
to test the validity of this hypothesis. However, a preliminary
cross-sectional analysis as done here would indicate whether the
current CDC criterion is directly applicable to the population
under study. The low CD4 counts observed among the HIV-
infected individuals in our study could be a reflection of the low
CD4 counts among the HIV -uninfected individuals in comparison
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to the West. We are of the opinion that lack of diagnostic facilities
may not be an issue as asymptomatic HIV-infected individuals, in
whom diagnostic facilities are not required for staging, also had a
low CD4 count. Though well into the epidemic, it is not too late
to embark on a multicentric longitudinal study of HIV-infected
individuals and determine the appropriate CD4 cut-off value for
the many ethnic groups that make up the Indian population. If this
trend is proven in the longitudinal study, a lower CD4 cut-off
value to classify individuals as having symptomatic HIV or AIDS
may need to be established. Only then can the issue of when to start
prophylaxis for opportunistic infections and antiretroviral therapy
be dealt with in the context of infected Indians.
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Obituaries
Many doctors in India practise medicine in difficult areas under trying
circumstances and resist the attraction of better prospects in western coun-
tries and in the Middle East. They die without their contributions to our
country being acknowledged,

The National Medical Journal of India wishes to recognize the efforts of
these doctors. We invite short accounts of the life and work of a recently
deceased colleague by a friend, student or relative. The account in about 500
to 1000 words should describe his or her education and training and
highlight the achievements as well as disappointments. A photograph should
accompany the obituary.

-Editor


