
Infection with HIV is a common public health problem
all over the world, especially in developing countries

like India.Vital cells in the human immune system such as
helper T cells (mainly CD4+ T cells), macrophages, and
dendritic cells are primarily infected by HIV1. This gradual
decline of CD4 T cells leads to general decline in immune
functioning and is the primary determining factor in the
clinical course of the HIV infected individual. The CD4+
T-cell count is the single best laboratory determinant of
clinical outcomes2. The Antiretroviral Therapy (ART),
results in reduction of plasma HIV-RNA that in turn al-
lows increase in the CD4 cell count. In India, the avail-
ability of measurement of viral load is limited & CD4 cell
counts is a very important marker of starting and monitor-

ing of highly active antiretroviral therapy (HAART)3. Sus-
tained increase in the CD4 cell response to HAART and
suppression of HIV load were both associated with greater
increases in CD4 cell counts4. Previous recommendation
by the World Health Organization (WHO) was to start ART
in patients with CD4 cell count <350 cells/µl5. But the
current WHO recommendation is to initiate ART in every-
one living with HIV at any CD4 cell count. This is based
on evidence from clinical trials and observational studies
released since 2013 showing that earlier use of ART re-
sults in better clinical outcomes for people living with HIV
compared with delayed treatment6.

The relationship between the recovery of CD4 counts
with ART & baseline CD4 counts is still a matter of de-
bate. The objective of the present study was to determine
trends in CD4 cell recovery among HIV patients after ini-
tiation of ART and the effect of different baseline charac-
teristics on CD4 cell count response in a sample of Indian
patients. We also studied to find out predictors of immu-
nological non response (increase of CD4 cell count <50
cells/µl from baseline after 12 months of therapy). To the
best of our knowledge, there are no such studies before
from the area on this topic.
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MATERIAL AND METHOD

Midnapore Medical College & Hospital is one of the
largest tertiary care centre in southern region of West
Bengal, India. This retrospective cross sectional study was
conducted by reviewing the medical records of HIV
infected patients aged 16 years or more who received
antiretroviral treatment at the ART Clinic of Midnapore
Medical College & Hospital during the period of 2006 to
2013. Seriously ill patients & those who did not complete
4 years of antiretroviral treatment either due to death,
transfer out or lost follow up were excluded from our study.

For the purpose of this study, a  baseline and 6-monthly
CD4 cell count(by flow cytometry) upto 48 months and
basic information such as patients� sex, age, weight,
presence of TB co infection, anemia  and WHO clinical
stage were collected from medical records.

Our study was approved by Institutional Ethics
committee for human research, Midnapore  Medical
College & Hospital.

Sample size, sampling technique & Statistical analy-
sis : 422 sample size. Formula Z2pq/L2.

Z=1.96, on 95% confidence interval, p= 50%, q=(1-
p), L=absolute error of 5%. 422 records were evaluated at
ART clinic from 2006-2013 those who completed 4 years
ART.

Data were being entered and analyzed by using SPSS
for Windows, version 20.0. The median (IQR) in the ab-
solute CD4 cell count at baseline and every six months
thereafter was determined. Changes in CD4 cell count
every six months were also examined and stratified on the
basis of baseline CD4 cell count (<200, 201�350, and
>350cells/µl). Categorical variables were summarized as
frequencies and percentages while numerical variables with
non-normal distribution were summarized as median and
IQR. To assess the factors associated with the risks of im-
munological non response, logistic regression analysis was
applied. All tests of significance were two-sided, with
p<0.05 indicating statistical significance.

OBSERVATIONS

Baseline characteristics of the patients :
A total of 422 medical records of the ART Clinic of

Midnapore Medical College & Hospital were reviewed.
Baseline characteristics of the patients are depicted in
Table 1.

Trend of CD4 count after comencement of ART :
The changes in the median CD4 cell count at 6 months

interval after the commencement of ART is plotted in Fig
1. The overall median CD4 Count & median CD4 count in
different strata are depicted in Table 2. CD4 count Me-
dian IQR at 0 m was 132 (93-168), 265 (230-301), 380
(364-397) and at 48 m 191 (188-203), 300 (274-324), 596
(488-698) cells/µl  of CD4 <201, 201-350, >350 cells/µl

respectively (Table 2,
Fig 1).

Baseline CD4 cell
count was evaluated
whether it was a risk
factor associated with
immunological non-re-
sponse. The percent-
ages of immunological
non-response was
17.5% (74 out of 422
patients). The propor-
tions of patients who
had immunological non
responses were 31%
(23 out of 74), 46% (34
out of 74) and 23% (17
out of 74) among pa-
tients with baseline
CD4 <200, 201�350
and >350 cells/µl re-
spectively. Results of
logistic regression
analysis of baseline
characteristics associ-
ated with the risk of im-
munological non-response are depicted in Table 3.

DISCUSSION

The overall median CD4 cell count had improved
among HIV-infected patients over the period of 48 months
in our study. It was also seen that the CD4 counts almost
returned to normal at the end of 48 months in those with
initial CD4 counts of >350 cells/µl. The patients with a
baseline CD4 cell count <200 cells/µl had the lowest peak
CD4 counts. So a lower CD4 cell count at the start of
antiretroviral therapy was related to a lower plateau CD4
cell count. These findings are in accordance to the litera-
ture7,8,12-15.

A study by Moore RD et al showed that, only patients
with baseline CD4 cell counts >350 cells/µl returned to
nearly normal CD4 cell counts after 6 years of follow-

Table 1 � Baseline characteristics of
the patients (n=422)

Baseline Frequency Percentage
variables

Gender :
Male 198 46.9
Female 224 53.1

Age (years) :
<45 369 87.4
>45 53 12.6
Mean±SD 34.05±8.459

WHO clinical stage :
1 95 22.5
2 146 34.6
3 139 32.9
4 42 10.0

Baseline CD4 count :
<200 191 45.3
201-350 204 48.3
>350 27 6.4

Weight (kg) :
<40 77 18.3
40-60 323 76.5
>60 22 5.2

TB co-infection :
Yes 117 27.7
No 305 72.3

Anemia :
<12 354 83.9
>12 68 16.1

Table 2 � Distribution of CD4 median values among categories of
CD4 count (n=422)

All CD4<200 CD4 201-350 CD4 >350

0m 219 132 265 380
6m 322 160 291 415
12m 365 181 301 453.5
18m 405 158.50 301 462
24m 449.50 168 286 490
30m 473.50 186 282 502
36m 501 146 287 544
42m 545 198 298 578
48m 578 191 300 596
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up11. Another study by Kelley CF et al revealed that a sub-
stantial proportion of patients who delay therapy until their
CD4 cell count decrease to <200 cells/mm do not achieve
a normal CD4cell count, even after a decade of otherwise
effective antiretroviral therapy7. Palella FJ Jr et al found

that  survival rates in HIV-infected
patients has been significantly im-
proved by ART through its ability
to increase the CD4 lymphocyte
count in peripheral blood as well as
reducing HIV load to undetectable
levels12. In most of the studies it is
seen that there is increase in CD4
counts for initial few years followed
by a less pronounced increase or
decline thereafter. A study by
Kaufmann GR et al showed that   the
recovery of CD4 T lymphocytes oc-
curs mainly in the first 2 years after
the initiation of ART, and is associ-
ated with age and the pre-existing
degree of HIV-1-related immunode-
ficiency, suggesting that the long-
term exposure to HIV-1 infection
has caused damage to the immune
system that is difficult to correct13.

Another study by Hunt DW et al showed that most pa-
tients who achieve and maintain viral suppression on
HAART continue to experience CD4 T-cell gains through
4 years of therapy. The immune system's capacity for CD4
T lymphocyte restoration is not limited by low pre-therapy
CD4 counts8. A longitudinal study was conducted in north-
ern Ethiopia where the median CD4 lymphocyte count had
improved over the five year period except at the 54th and
60th months where the median CD4 cell count showed a
slight decline14.

Among the different predictors, immunological non-
response was significantly observed among female patients.
Patients of WHO Clinical stage 4 was associated with
higher risk of immunological non response, whereas pa-
tients with baseline CD4 cell counts of >350 cells/µl was
at significantly lower risk of  it.

In most of the studies, male patients are seen at in-
creased risk of immunological non-response. Higher rate
of subsequent CD4 cell recovery was observed among fe-
male patients than males was also seen in those studies15,16.
A study by Addisu A et al described that better immuno-
logical response in female could reflect the feminization
of the HIV epidemic, better health seeking behavior of
women and possibly the linkage of treatment sites with
the antenatal clinics and the prevention-of-mother-to-child
HIV programs resulting in better immune recovery & un-
improved outcomes among male patients were because of
poor health seeking behavior of men, lower rates of HIV
testing, lower rates of repeat-testing and lower acceptance
of linkage to HIV-care after a positive result14. Some other
studies showed that gender was not related to initial &

Fig 1 � Changes in the median CD4 cell count at 6 months interval

Table 3 � Results of logistic regression analysis of baseline
characteristics associated with the risk of immunological non-

response (increase of < 50 cells/microlitre)

Charecteristics       Risk of immunological non-response at 12 months

OR (95% CI) P value

Gender :
Male 1
Female 1.901 (1.038, 3.481) 0.038

Age (years) :
<45 1
>45 0.466 (0.203-1.072) 0.073

WHO clinical stage :
1 1
2 1.825 (0.873, 3.814) 0.110
3 2.094 (0.902, 4.865) 0.086
4 6.287 (1.352, 29.228) 0.019

Baseline CD4 count :
<200 1
201-350 0.739 (0.389, 1.404) 0.355
>350 0.068 (0.025, 0.189) 0.000

Weight (kg) :
<40 1
40-60 1.403 (0.661, 2.978) 0.378
>60 2.818 (0.606, 13.113) 0.187

TB Co infection :
Yes 0.592 (0.286, 1.226) 0.158
No 1

Anemia :
<12 1
>12 1.713 (0.758, 3.870) 0.196
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subsequent CD4 responses4.
The poor initial CD4 recovery (immunological non

response) among females in our study may be due to the
fact that most of the patients belonged to lower socio eco-
nomic & male dominated societies. As a result, females
were much neglected, they had poorer adherence to the
health seeking behavior & poorer general condition. We
found in our studies that, patients with baseline CD4 cell
counts of >350cells/µl had significantly lesser chances of
immunological non response compared to those with lower
baseline CD4 cell counts. These findings are in accordance
to the previous studies.

A study by Florence E et all showed that a lower CD4
cell count was associated with a lower rate of CD4 cell
recovery at 12 months of HAART17. In contrast, a study
by Lawn SD et al showed that patients with baseline CD4
cell counts < 50 cells/µl  have equivalent or greater capac-
ity for immunological recovery compared to those with
higher baseline CD4 cell counts10. Another  retrospective
study in Thailand reported that the outcomes of HIV pa-
tients did not differ by baseline CD4 cell count18.

Therefore, our study findings suggest that HAART
should be initiated early for better immune recovery &
female patients should be given more consideration re-
garding adherence to the therapy.
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