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Background: Tuberculosis is associated with both qualitative and quantitative defects in the cell
mediated immune response. The changes that occur in the lymphocyte profile in blood in children
with tuberculosis are not well understood. Design: Prospective study. Setting: Referral hospitals.
Methods: Lymphocyte subpopulations were determined by flow cytometry in 17 healthy tuberculin
positive children, in 22 children with newly diagnosed pulmonary tuberculosis and in 8 of these
children after antituberculosis therapy, Results: Absolute numbers and percentages of CD3+ and
CD4+ T cells were reduced in children with tuberculosis, compared to controls. CD4+ counts
increased significantly following antituberculosis treatment, compared to baseline values. In contrast,
the proportion of T cells expressing the gd T cell receptor was similar in tuberculosis patients and
controts. Conclusion: Children with tuberculosis have a systemic decrease in the proportion and

number of CD3+ and CD4+ T cells which reverses during therapy.
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ECAUSE cell mediated immunity plays

acentral role in human defenses against
mycobacteria, the manifestations and clinical
outcome of human infection with Myco-
bacterium tuberculosis are believed to depend
on the efficacy of the cell mediated immune
response. T-lymphocytes contribute to immu-
nity against mycobacteria by recognizing
foreign protein via antigen receptors and
subsequently releasing immuno-regulatory
cytokines. Protective immunity against tuber-
culosis is believed to be mediated primarily by
CD4+ T-cdls, particularly Thl-cells that
produce interferon- g (1,2). Children who lack
the interferon-gamma receptor succumb to
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disseminated mycobacterial disease(3,4) and
mice that do not express interferon-gamma
because of gene disruption are exquisitely
susceptible to tuberculosis(5). CD8+ cytotoxic
T-cells and T-cells expressing the gd T cell
receptor probably aso contribute to protective
immunity against tuberculosis(6,7).

Prior studies of the distribution of T-cell
populations in tuberculosis patients have
evaluated adults(8-12). Because most adults
were infected in the distant past, the distribution
of T-cell subpopulations during the initial
response to infection cannot be assessed. In
addition, many adult tubercul osis patients have
coexistent illnesses, e.g., diabetes or alcoholism
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which may affect T-cell subpopulations. The
study of tuberculosis in children provides a
unique opportunity to evaluate T-cell sub-
populations during the initial immune response
to infection with Mycobacterium tuberculosis.
To investigate this question, we measured T-
lymphocyte subpopulations in children with
pulmonary tuberculosis and in age matched
healthy tuberculin positive controls.

Subjects and Methods

Patients: Children attending the Outpatient
Department of the Institute of Social Pediatrics,
Government Stanley Hospital, Chennai and the
Institute of Child Heath, Chennai were
considered for this study which was conducted
between July 1996 and February 1997. For
children aged 1-12 years old who had signs and
symptoms suggestive of tuberculosis (persistent
fever, cough, failure to thrive or loss of weight),
a Chest X-ray was performed and a Mantoux
test with PPD-RT23 1 TU was placed and read
after 48-72 hours. Gastric lavage was done on
an empty stomach on 2 consecutive mornings
and examined for AFB smear and culture for
M. tuberculosis. All patients who were
diagnosed to have tuberculosis during this
period were digible for the study. Tuberculosis
was diagnosed in 39 children during this period
of whom 22 were willing for participation
(blood collection, follow up, etc.) and were
enrolled in the study. The diagnosis was culture
proven in 17 cases and was based on clinical
and radiographic features in 5 cases (X-ray
abnormalities persisting after 2 weeks of broad
spectrum antibiotics, household exposure to
tuberculosis and positive tuberculin skin test
results). All patients were negative for HIV by
ELISA.

Patients were treated with standard short
course anti-tuberculosis regimens (2 months of
Isoniazid, Rifampicin, and Pyrazinamide daily
followed by Isoniazid and Rifampicin for 4
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months). After completion of therapy, blood
samples were obtained from the eight children
who were available for follow-up, dl of whom
had an excellent response to therapy.

We sdected 17 healthy tuberculin-positive
children as controls including children attend-
ing the hospital for minor complaints and
siblings of the study patients who were found
not to have tuberculosis. The controls selected
were matched for socioeconomic strata and age
group to the study patients. Venous blood was
obtained from tuberculosis patients and controls
in heparinized tubes and sent to the laboratory
within 1 hour for analysis. Blood was obtained
from patients after they had received less than
one week of antituberculosis therapy. The study
was approved by the Institutional Review
Board of the Tuberculosis Research Center and
informed consent was obtained from the parents
of the study participants.

Estimation of T-Lymphocyte Subpopulations

The totd and differential white cell counts
were performed on whole blood by standard
techniques. PBMC were isolated by Ficoll-
Hypaque density gradient centrifugation. Cells
were washed and suspended in RPMI-1640
medium with 10% Fetal Calf Serum. 100 pl
aliquots containing 2x10°cells were incubated
with the monoclonal antibodies for 30 minutes
in the dark at 4°C washed twice with
Phosphate Buffeted Saline and fixed with 1%
paraformal dehyde. Samples were analyzed with
a FACSort flow cytometer (Becton Dickinson,
CA, USA) using Cell Quest analysis software.
A gate was set around the lymphocyte
population based on the forward and side
scatter characteristics of unstained cells.
Quadrant markers were set using fluoroscein
isothiocyanate-conjugated (FITC) or phyco-
erythrin-conjugated (PE) mouse IgG (negative)
isotype control antibodies. Single immuno-
labeling was performed with the Pan T-cell
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marker FITC-CD3 and the subtype markers
FITC-CD4 and PE-CD8. Double immuno-
labeling was performed with FITC-CD3 and
PE-Pan TCR gd, PE-V d1 or PE-V d2. Data are
expressed as per cent of total lymphocytes +
standard error of the mean (SEM) and as
absolute cell numbers/ml.

Satistical Analysis

The absolute counts of the various
lymphocyte subsets was cal culated by multi-
plying the percentage of that subset by the total
lymphocyte count. Differences between groups
were compared by the Student’ s t-test or paired
t-test as appropriate. The statistical package
associated with Microsoft Excel program was
used.

Results

The mean age of the tuberculosis patients
was 5.8 = 3.0 (SD) years, the mean weight was
15.9 £ 1.4 kg and the mean tuberculin skin test
sizewas 14.4 £ 6.6 mm. All 22 patients had
pulmonary tuberculosis and one had dissemi-
nated disease in addition. Ten patients were
malnourished, defined as <75% of their
predicted body weight for age. The mean age
of the controls (healthy tuberculin reactors) was
7.1+ 3.2 years (p = 0.2), the mean weight was
17.2 £ 1.3 kg (p = 0.5) and the mean tuberculin
skin test reaction was 16.4 £ 5.9 mm (p = 0.2).
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Nine healthy tuberculin reactors were mal-
nourished.

The percentage of CD3 + and CD4+ T-cells
was reduced in children with tuberculosis as
compared to healthy tuberculin reactors
(Table ). In contrast, the percentage of CD8+
cellswas increased in tuberculosis patients and
the percentages of gd T cells and the V d1
and V d2 subsets were similar in both groups.
Fig. 1 shows the tota lymphocyte count and
absolute numbers of CD4+ and CD8+ T-cells
in blood in patients and controls. Both the total
lymphocyte count (3173 + 610 vs 5413 + 376
cells/cu mm, p = 0.006) and CD4+ T-cell count
(971 + 376 vs 2223 + 333 cells’'cu mm, p =
0.002) were significantly lower in tuberculosis
patients as compared to controls. However, the
absolute CD8+ counts were similar in the two
groups of patients, even though the percentage
of CD8+ cdls was higher in tuberculosis
patients.

We wished to determine if the changesin
the lymphocyte subsets was related to radio-
graphic type and extent of disease or to
nutritional status. The percentage of CD3+ and
CD4+ T-cells was similar in children with
minimal and extensive disease on Chest X-
ray(13). On comparing the T-lymphocyte
subsets in children with hilar/mediastinal
lymphadenopathy alone with those who had

TABLE 1- T-Lymphocyte Subpopulations in Blood in Tuberculosis Patients and Healthy Controls

Subpopulation Tuberculosis Healthy tuberculin p value
patients (n = 22) reactors (n = 17)
CD3 (%) 63.2 + 26 70 = 17 0.03
CD4 (5%) 325 + 20 38 + 22 0.03
CD8 (%) 26.6 * 1.8 21+ 13 0.03
Pan TCR gd (%) 72 + 0.8 82 + 14 NS
V d1(%) 38 + 07 34 + 03 NS
V d2 (%) 59 + 10 75 + 13 NS
NS- Not significant.
INDIAN PEDIATRICS 491 VOLUME 37-mAY 17, 2000



SWAMINATHAN ET AL.

6413

cells/m|
g

g

3173

2223

L2al

T-LYMPHOCYTE SUBPOPULATIONS IN TUBERCULOSIS

1358

]

Lymph count*

CD4+*

cD8+

BTB v H Control

Fig. 1 Total lymphocyte count, absolute CD4+ and CD& counts in children with tuberculosis and healthy tuber-
culin reactors (controls). The mean values and standard errors are shown. * p <0.01.

more extensive parenchymal lesions or
cavitation, we found no significant differences.
However, the percentage of CD3+ cdls was
significantly lower in the 10 malnourished
patients compared to the 12 patients who were
not malnourished (Table I1). The percentage of
CD4+ cdls was not significantly different
between the two groups. When a comparison
was made between malnourished tuberculin
positive patients and malnourished contrals, it
was observed that both the CD3+ and CD4+
cell counts were significantly lower in tuber-
culosis patients. There was no significant
correlation between lymphocyte sub-popula-
tions and nutritional status in healthy tuberculin
reactors (data not shown).

We measured the lymphocyte subsets at
baseline and after completion of treatment in
8 tuberculosis patients. The percentage of
CD3+ cellsincreased after therapy to levels
comparable to those of healthy tuberculin
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reactors (60.4 £ 4.9 to 67 £ 3.3, NS), but the
difference between values before and after
treatment was not statistically significant,
probably because of the small number of
patients evaluated. The proportion of CD4+ T-
cells also increased after chemotherapy
(27.4 £ 3.7 t0 34 + 1.8, p = 0.04) and this
difference was statistically significant. The
percentages of CD8+ cells (25 £+ 3.7 to
234+18)and Pan TCR g T cells (8.6 + 1.9
to 6.8 + 0.7) showed no significant change with

therapy.
Discussion

In adult tuberculosis patients, most
investigators have found that the total numbers
and percentages of CD3+ and CD4+ cells are
reduced as compared to heathy controls (8-13).
However, because many tuberculosis patients
have co-existing illnesses, it is uncertain if the
changes in lymphocyte distribution are a direct

VOLUME 37-mAY 17, 2000



SWAMINATHAN ET AL.

T-LYMPHOCYTE SUBPOPULATIONS IN TUBERCULOSIS

TABLE I11- Lymphocyte Subpopulations in Healthy and Malnourished Patients and Controls
Subjects CD 3% CD 4%
TB with manutrition (n = 10) 59 £ 4.3*" 30 + 2.8**
TB with norma nutrition (n = 12) 67 *= 20* 36 + 32
Malnourished tuberculin reactors (n = 9) 70 + 23 40 £ 3.3**

*P < 005 ** P =004

effect of tuberculosis. Evaluation of the
immune response in children with tuberculosis
is important because it permits evaluation of
patients during the initial immune response to
tuberculosis in the absence of other chronic
diseases that may affect lymphocyte sub-
populations.

In our study, we selected children with
tuberculosis and healthy tuberculin reactors
from the same socioeconomic class and with
similar nutritional status. Our findings demons-
trate that in children with tubercul osis, the total
numbers and percentages of CD3+ and CD4+
cells are reduced suggesting that thisis directly
related to tuberculosis. The reduction was more
marked in patients who had associated
malnutrition. Patients with both malnutrition
and tuberculosis had the lowest CD3+ and
CD4+ T-cel percentages compared to those
with tuberculosis aone or malnutrition alone.
Malnutrition could have been worsened by, and
therefore, reflect the severity of tuberculous
disease and would have a synergigtic effect on
suppression of the immune response( 14). The
total number of CD8+ T-cells was similar in the
two groups. Even though the number of patients
studied was small, our data suggest that the
changes in CD3+ and CD4+ cells were
reversible and resolved after anti-tuberculosis

therapy.
Studiesin animalsand humansindicate that
CD4+ T-cells play a crucid role in protective

immunity against tuberculosis. In animals,
depletion of CD4+ cells markedly increases
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susceptibility to tuberculosis, and adoptive
transfer of CD4+ cells confers protection
againgt tuberculosis( 15.16). In HIV-infected
and HIV-negative persons with tuberculosis,
extent of disease is greatest in those with
depressed CD4+ cell counts( 11,13). Tuber-
culosis enhances apoptosis of peripheral blood
T-cellg( 17) and provides a potential mechanism
for reduction of CD3+ and CD4+ cell counts.
Alternatively, the peripheral reductionin CD3+
and CD4+ T- cells may reflect recruitment of
these cdlls to the site of disease, where these
subpopulations are over represented( 18,19).
The mechanism by which tuberculosis reduces
CD3+ and CDA4+ cell numbers needs further
investigation.

In contrast to findings with CD4+ cells, we
found no change in the percentages of gamma
delta T-cells or their subsetsin children with
TB compared to healthy tuberculin reactors. The
V d2 subpopulation of gd T cellsis believed to
contribute toward immune defenses against
mycobacteria during the initial immune
response. These cells recognize certain non-
peptide mycobacterial antigens that are not
recognized by CD4+ cdls(20). Studies of
peripheral blood from adult tuberculosis
patients have produced conflicting results.
Some authors found norma or increased
percentages of gd T cells while others found
decreases in the percentage of V d2 cells(21-25).
These differences may reflect variations in the
timing of tuberculosisinfection or variability
in disease extent in adults with tuberculosis.
Our current results indicate that there are no
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changes in the percentages of gamma dedta
T-cdls or their subpopulations in the peri-
pheral blood of children during the initia
immune response to tuberculosis. Further
studies are needed to characterize the
distribution of gamma delta T-cells at the site
of disease.

In summary, we found that the absolute
numbers and percentages of CD3+ and CD4+
lymphocytes but not those of gamma dedta
T-cells were reduced in children with tuber-
culosis. The reduction was most marked in
children with associated malnutrition. These
changes appeared to be reversible and we
speculate that they may be due to cell recruit-
ment at the site of disease or to enhanced
apoptosis of T-cell subpopulations.

Acknowledgements

This work was supported by the National
Ingtitutes of Health (Al 27285). We would like
to thank the Directors of the Institute of Social
Pediatrics, Government Stanley Hospital,
Chennai and the Institute for Child Health,
Egmore, Chennai for their cooperation. We
would like to acknowledge the valuable
secretarial assistance provided by Mr. T.M.
Kasinathan.

Contributors: SS was the principal investigator and was
involved in both clinical and laboratory aspects and

INDIAN PEDIATRICS

494

also drafted the paper; KSN and LEH assisted with the
laboratory aspects and data management, NS and PRN
participated in designing the study and logistic support
and PFB coordinated the study and contributed to
report writing.

Funding: This work was supported by the National
Ingtitute of Heath (Al 27285).

Competing interests: None stated.
REFERENCES

1.  Barnes PF, Modlin RL. Human cdlular immune
responses to Mycobacterium tuberculosis. In:
Tuberculosis. Ed. Shinnick TM. Berlin
Springer-Verlag, 1996; pp 197-219.

2. Orme IM. Characteristics and specificity of
acquired immunologic memory to M. tubercu-
losis infection. J Immunol 1988; 140: 3589-
3593.

3. Newport MJ, Huxley CM, Huston S.
Acorylowicz CM, Oostra BA, Williamson R, et
al. A mutation in the interferon-y receptor gene
and susceptibility to mycobacteria infection. N
Engl J Med 1996; 335: 1941-1949.

4. Jouanguy E, Altare F, Lamhamedi S, Revy P,
Emile JF, Newport M, et al. Interferon - g recep-
tor deficiency in an infant with fatal Bacille
Camette-Guerin infection. N Engl JMed 1996;
1335: 1956-1961.

5. Flynn J., Chan J, Triebold KJ, Daton DK,
Stewart TA, Bloom BR. An essential role for
interferon-gamma in resistance to Myco-
bacterium tuberculosis infection. J Exp Med
1993; 178: 2249-2254.

VOLUME 37-mAY 17, 2000



SWAMINATHAN ET AL.

10.

11.

12,

13.

14.

15.

16.

INDIAN PEDIATRICS

Flynn JL, Goldstein MM, Triebold KJ, Keller
B, Bloom BR. Major histocompatibility
complex Class |-restricted T-cells are required
for resistance to Mycobacterium tuberculosis
infection. Proc Natl Acad Sci USA 1992; 89:
12013-12017.

Janis EM, Kaufman SH, Schwartz RH, Pardoll
DM. Activation of T-cells in the primary
immune response to Mycobacterium tuber-
culosis. Science 1989; 244: 713-716.

Beck JS, Rotts RC, Kardjito T, Grange M. T4
lymphopenia in patients with active pulmonary
tuberculosis. Clin Exp Immunol 1986; 60: 49-
54.

Turett GS, Telzak EE. Normalization of CD4+
T-lymphocyte depletion in patients without HIV
infection treated for tuberculosis. Chest 1994;
105: 1335-1337.

McDyer JF, Hackley MN, Walsh TE, Cook JL
Seder RA. Patients with multidrug resistant
tuberculosis with low CD4+ T-cell counts have
impaired Th 1 responses. J Immunol 1997; 158:
492-500.

Pilheu JA, De Salvo MC, Gonzalez J, Rey D,
Elias MC, Ruppi MC. CD4+ T-lymphopeniain
severe pulmonary tuberculosis without evidence
of human immunodeficiency virusinfection. Int
J Tuberc Lung Dis 1997; 1. 422-426.

Jones BE, Oo MM, Takwe EK, Quian D,
Kumar A, Maslow ER, Barnes PF. CD4 cell
counts in human immunodeficiency virus-
negative patients with tuberculosis. Clin Inf Dis
1997; 24: 988-991.

National Tuberculosis and Respiratory Disease
Association. Diagnostic standards and Classi-
fication of Tuberculosis. New York, 1969.

Chandra RK. Nutrition, immunity and infection:
Present knowledge and future directions. Lancet
1983; 1 : 688-691.

Pedrazzini T, Hjug K, Louis JA. Importance of
L3T4+ and Lyt-2+ cells in the immunologic
control of infection with Mycobacterium bovis
strain Bacillus Calmette-Guerin in mice. Assess-
ment by elimination of T-cell subsets in vivo.
J Immunol 1987; 139: 2032-2037.

Orme IM. The kinetics of emergence and loss

T-LYMPHOCYTE SUBPOPULATIONS IN TUBERCULOSIS

17.

18.

19.

20.

21.

22.

23.

24,

25.

of mediator T lymphocytes acquired in response
to infection with Mycobacterium tuberculosis.
J Immunol 1987; 138: 293-298.

Hirsch CS, Toozi Z, Vanhjam G, Johnson JL,
Peters P, Okwera A, et al. Apoptosis and T-cell
hyporesponsiveness in pulmonary tuberculosis.
JInfect Dis 1999; 179: 945-953.

Barnes PF, Mistry SD, Cooper CL, Pirmez C,
Rea TH, Modlin RL. Compartmentalization of
a CD4+ T-lymphocyte subpopulation in tuber-
culous pleuritis. J Immunol 1989: 142: 1114-
1119.

Law KF, Jagirdar J, Weiden MD, Bodkin M,
Rom WN. Tuberculosis in HIV-positive
patients: Cellular response and immune activa-
tion in the lung. Am J Respir Crit Care Med
1996; 153: 1377-1384.

Tanaka Y, Morita CT, Tanaka Y, Nieves E,
Brenner MB, Bloom BR. Natural and synthetic
non-peptide antigens recognized by human gd T-
cells. Nature 1995; 375: 155-158.

Ueta C, Tsuyuguchi |, Kawasumi H, Takashima
T, TobaH, Kishimoto S. Increase of g/d T-cdlls
in hospital workers who are in close contact with
tuberculosis patients. Infect Immun 1994; 62:
5434-5441.

Tazi A, Bouchonnet F, Vaeyre D, Cadrand J,
Battesti JP, Hance AJ. Characterization of g/d
T lymphocytes in the peripheral blood of
patients with active tuberculosis. Am Rev Respir
Dis 1992; 146: 1216-1221.

Ito M, Kqjiro N, lkeda T, Ito T, Funada J,
Kokubu T. Increased proportions of peripheral
blood gd T cells in patients with pulmonary
tuberculosis. Chest 1992: 102: 195-197.

Balbi B, Vale MT, Oddera S, Giunti D, Manca
F, Ross GA, et al. T lymphocytes with T8+
V d2+ antigen receptors are present in increased
proportions in a fraction of patients with tuber-
culosis or with sarcoidosis. Am Rev Respir Dis
1993; 148: 1685-1690.

Li B, Rossman MD, Imir T, Oner-Eyuboglu AF,
Lee CW, Biancaniello R, et al. Disease - specific
changes in T-cell repertoire and function in
patients with pulmonary tuberculosis. J
Immunol 1996; 157: 4222-4229.

495

VOLUME 37-mAY 17, 2000



(ADVERTISEMENT)

Indian Journal of Pediatrics

The Journal offers Special Benefits to its Subscribers

Fellowships for training in specialities (Five)
Grants for attending conferences (Six)
Awards for Best Original Research (Four)

SYMPOSIA PLAN FOR 2000

Clinical epidemiology & research methods - | & I N.K. Arora & R. Heller
Allergy & respiratory disorders - I S.K. Kabra & G.J. Connett
Pediatric endocrinology - | & I P.S.N. Menon & S.K. Varma
Pediatric cardiology - | & Il A. Saxena & P.S. Rao
Neonatal surgery - Il M. Bajpai & J Radhakrishnan
Gastroenterology - | & I M.K. Bhan & D.l. Mehta
Genetics for pediatricians - | & I I.C. Verma & M. Kabra

Order your copy of Special Supplements (released in 1999-2000)

Vaccines - old and new (Rs. 80) Epilepsy (Rs. 100)
Hydrocephalus and Spina bifida (Rs. 80) Tuberculosis (Rs. 100)
Poliomyelitis in India (Rs. 80) Cardiology (Rs. 100)

Gastroenterology-Hepatology-Nutrition (Rs. 125)

SUBSCRIBE AND SAVE & GET FOR YEAR 2000
1 year 2 years 3 years Life
Membership
Personal Rs. 800 Rs. 1500 Rs. 2200 Rs. 8000
Gift Parker pen Alarm clock Parker pen Titan wrist
watch

Address for correspondence:

Editor-in-Chief, Indian Journal of Pediatrics,

125 (2nd floor), Gautam Nagar, New Delhi-110 049.

Phones: 6857587.6568098; Fax: 6857587/6854434; E-mail: icverma@vsnl.com

INDIAN PEDIATRICS 496 VOLUME 37-mAY 17, 2000



