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The present work was undertaken to study the immune profile of pre-school
going children with Pulmonary Tuberculosis. 40 children visiting the OPD aged between
2-5 years, who were diagnosed as Pulmonary Tuberculosis or Pulmonary plus other site
(Disseminated) Tuberculosis. Peripheral venous blood samples were taken and
mononuclear cells were harvested. Lymphocyte suspensions were prepared and
Lymphocyte proliferation was assessed in vitro after BCG stimulation. The cytokines
IFN-y, IL-2, and IL-4 in these suspensions were assayed as per Genzyme protocol provided
with the kit. The tests were repeated after 3 months and at 6 months at the end of
treatment using a standard protocol.

Children with only pulmonary tuberculosis showed a higher lymphocyte
proliferation index as compared to children with disseminated disease. The cytokines
secreted by cells from patients with a limited and only pulmonary disease showed a
significant pattern of a Th1 pattern of cytokine secretion with large amounts of IFN-y and
IL-2 as compared to children with disseminated disease which responded with a Th2
pattern of cytokine release and mainly IL-4 secretion. Th1 cytokines in only pulmonary
tuberculosis were associated with a better outcome .The presence of Th1 pattern of cytokines
can be used to predict a better prognosis in pulmonary tuberculosis and a mixed pattern
of cytokine secretion that is ThO in disseminated tuberculosis is also associated with a
favorable outcome in pre-school going children.
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Pulmonary Tuberculosis is a serious
problem in children. Globally about two hillion
people are infected with Mycobacterium
tuberculosis, eight to ten million of them develop
active disease and two million die from TB every
year.!
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An overwhel ming magjority of tuberculous
patients reside in developing countries which
suffer from marked poverty, lack of healthy living
conditions, and inadequate medical facilities.! To
control tuberculosis we require more effective
vaccines and BCG in spite of being an effective
vaccine in tuberculous meningitis and miliary
tuberculosis?® has not reduced the global burden
of thedisease. To thisend it isimportant to study
the antigen response of T-cells in patients
suffering from tubercul osis specially in response
to different antigenic stimulation to develop new
protective vaccines*.
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METHODS

This study was conducted at Army
Hospital Research and Referral New Delhi. 40
children aged 2-5 years diagnosed as pulmonary
tuberculosis/ pulmonary plus other site
tuberculosis (disseminated tuberculosis) visiting
the pediatric outpatient department over one year
comprised the material for this study. These
children werefollowed up for six months.

In the absence of a gold standard for
diagnosis of tuberculosis in children, the study
children were diagnosed as per criteria for
diagnosis of tuberculosis based on criteriaas per
Seth V®and in accordance with another study by
Rigouts® and subsequently they also satisfy the
latest IAP guidelines as per the consensus
statement on childhood tuberculosis’.

Inclusion criteria

1) Essential criteria

i) Children aged 2-5 yearsvisiting the Pediatric
OPD of AHRR New Delhi.

ii) Essential criteriaof symptoms, mainly low
grade fever, weight loss, and persistent

cough >2 weeks.

Important criteria

i) Positive chest skiagrams /other site
scanning

ii) AFB seenin gastric aspirate/ sputum / any
other tissue fluid .
i)  Contact with an adult TB index case
iv)  Presenceof some other supportive criteria.
These were positive mantoux test, absence
of BCG scar and protein energy malnutrition
up togradell.
Exclusion criteria
Any condition likely to affect theimmune
responseto tubercul osiswas excluded . Thesewere
i) Severemalnutrition (gradelll and IV PEM)
ii) Any other associated disease
A thorough clinical exam wasdonetofind
the extent of disease and any associated pathol ogy.
Of the 40 children, 31 had only pulmonary
tuberculosis that is restricted disease, where as
nine had pulmonary + other site tuberculosis
(disseminated tuberculosis). In this second group
besides pulmonary TB four of these had TB
meningitis and five had involvement of the liver
and spleen. These children were treated with
standard ATT (EHRZ for two monthsfollowed by
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HR for four months). Their clinical profile was
monitored throughout the duration of treatment
and compared to their laboratory profile. Curewas
declared when the children after six months of
treatment weretotally symptom free and had gained
their weight, regained their appetite, the skiagrams
/ CT Scans had resolved and there was resol ution
of al symptoms pertaining to the disease.

To study the immune profile, the cell
mediated immune response in the form of
lymphocyte proliferation using BCG antigen
stimulation in vitro and cytokinesrel eased by them
were studied. The tests were conducted before
starting treatment and repeated after three months
and after compl etion of treatment at the end of six
months.

Fiveml of heparinised blood was collected
and mononuclear cellswere separated using ficoll-
hypaque gradient centrifugation technique.
Lymphocyte cell suspensionswere prepared. BCG
was used to stimulate the suspension. All the
samples were cultured for three days at 37°C. At
the end Thymidine uptake which is an index of
lymphocyte proliferation was measured using liquid
scintillation spectroscopy.

Datawas expressed as Stimulation Index.

S.I = Mean CPM of antigen containing cultures/
Mean CPM of controlled cultures

CPM = Counts per minute, scintillation count.
Cytokine IFN - v, IL-2 and IL-4 were assayed as
per genzime protocol provided withthekit .

The difference between the groups with
continuous variableswas statistically tested using
student’s t test. Phenotypic distributions between
the study groups were compared using the Chi-
square test. Two tailed P values <0.05 were
considered statistically significant.

I nformed consent of parentswer etaken

The study was approved by the Institute

Ethics Committee.

RESULTS

The Stimulation Index in test cases
showed that proliferation of lymphocytes was
different in subjects with pulmonary tuberculosis
only and in those with disseminated tubercul osis*
AsseeninTablenol. 28/31 childrenwithrestricted
disease and only pulmonary tuberculosis had a
S.I.>2. Therangewas2.1t0 9.3withamean of 5.6
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except in three casesout of 31 whereit was<2. On
follow up the lymphocyte proliferation continued
to bethesameinthosewhich initialy hadaS.l.>2.
However in the three cases of only pulmonary
tuberculosis which initially showed a poor
proliferationtwo improved later and the Stimulation
Index became >2 after six months of therapy.
(Table 2) One patient in this group was lost to
follow up.

Table 1. Table showing clinical status of test
subjects as correlated with lymphocyte
proliferation response (stimulation index to BCG)

Site SlI<2 SI>2 Total

Pulmonary 03 28 31

Pulmonary + 08 01 09

other site

total 11 29 40
P<0.05

Disseminated disease correlates significantly with poor
lymphocyte proliferation response (S.l. <2)
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In eight out of nine children with
disseminated tuberculosis proliferation response
was poor witha(S.1. < 2). After three monthsfive
out of these had a stimulation index >2 and at the
end of six months six out of nine had astimulation
index >2 One child died and he was a case of TB
meningitis. Two patientscontinued to show aS.l.<2.

A significant pattern of cytokine secretion
from theselymphocyteswas seen. Asseenin (Table

Table 2. Showing lymphocyte proliferation response
to BCG stimulation initially and on follow up

Disease site Initial S.I.<2 Initial S.1.>2
Pulmonary only Omonth 3 28
3month 1 30
6 month 0 30
Disseminated Omonth 8 1
3month 3 5
6 month 2 6

The response in most cases moves to a higher stimulation
index. One patient in disseminated TB with S.1.<2 died
within | month of starting therapy . He had TB Meningitis.
One patient each from pulmonary and disseminated Th
was lost to follow up. Table 2.

Table 3. Showing cytokine response by T cells of test cases stimulated by BCG initially and on follow up

No of cases T cells response Follow up at 3 Follow up at Remarks

initially initially months 6 months

26 Th1l 25 25 Remains Thl. One patient lost
to follow up

5 Th2 4 2 Two patients convert to Thl and
One died

9 ThO(mixed) 5 8 One patient lost to follow up.
Rest all convert to Thl.

Table 4. Showing Clinical Response VisaVis T-Cell Response
No of T-Cell Clinica Response to End Result
Cases Response Features Therapy
initially
26 Thl PulmonaryTuberculosis Satisfactory 25 Followed up. All Cured. One
lost to follow up
5 Th2 Disseminated TB Un-satisfactory 1Death 2 cured2 Not Yet Cured.
9 ThO 5 Pulmonary/4 Disseminated Satisfactory 8 Followed up All Cured. One

lost to follow up
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3), amgjority 26/40 showed alarge amount of IFN
—vy(meanlevel 34 ng/ml) and IL-2 (26 ng/ml). This
isaThl responsein children®. Five cases showed
a Th2 response'®!? with predominantly IL4
secretion (mean level 20 ng/ml) . A third group of 9/
40 patients responded to BCG stimulation by
producing al three cytokines-IFN-y, IL-2 and IL-
4.Such aresponse is described as ThO or a mixed
response and has been seen in other studies ®*2,

A follow up cytokine response was done
after three months of therapy. This study reveals
(Table 1) that of 26/40 cases that showed a Thl
responseinitialy, 25 continued to do the same after
three months of therapy and onewas lost to follow
up. In 5/40, cases which showed an initial Th2
response one died. Remaining four continued to
show a Th2 type of response. In the third group
out of 9/40 cases showing aninitial mixed response
eight could befollowed up. Five of them showed a
Thl response at the end of three months.

Follow up cytokine response after 6
months of therapy revealsthat (Table 3) that of 26/
40 cases that showed a Thl response initidly, 25
continued to do the same after six months of therapy
and onewas|ost to follow up. In 5/40, caseswhich
showed an initial Th2 response one died and
remaining four which continued to show a Th2
type of response at three months however showed
achange after six months of therapy. Two of these
had increased IFN-y secretion after 6 months and
their cytokine pattern changed to Thl but two
patients continued to have Th2 pattern of cytokines.
In the third group out of 9/40 cases showing an
initial mixed response eight could be followed up.
All of them showed aTh1 response at the end of six
months. Other studies have also suggested that
initial T cell response may be mixed which later
polarizesto Thl or Th2 response pattern 2,

Clinical Correlation of the cytokine
response with the clinical profile shows that of
26/40 cases responding with Thl pattern of
cytokinesall had only pulmonary involvement. The
next group of five cases which responded by
producing mainly IL-4 (Th2) were all cases of
Disseminated disease. Finally the third group of
nine children, which responded by producing all
the three cytokines namely IFN- vy, IL-2 and IL-4
(ThO) had four children of Disseminated
Tuberculosis and five children of Pulmonary
Tuberculosis.
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DISCUSSION

The study of cellular immune response
of antigen stimulated T —cellsin vitro in patients
with Tuberculosis is important for the
understanding of protective and pathological
mechanisms in Tuberculosis and devel opment of
new vaccines .2

Lymphocyte proliferation showed a
definite pattern. In Patientswith limited pulmonary
disease and who eventually responded well to
therapy 90% showed a good proliferation of their
lymphocyteswith astimulationindex morethan 2.
Proliferation response at the end of 6 months also
showed asignificant pattern. Out of theremaining
10% two patients 6.6% convertedtoaS.|.>2 after 3
months and one child waslost to follow up. Apart
from secreting cytokines lymphocytes and their
subsetshave adirect rolein killing and containing
mycobacteria.®

Proliferation response in those with
Disseminated Tuberculosis was poor with eight
out of ninechildren showing aninitial S.I. <2. One
child of TB meningitis died and two children
continued to show aS.l. <2 after six months. These
same children were still not declared cured and
were continued on treatment and Only one child
of Disseminated Tuberculosiswhich initially had
an S.I. >2 continued to be the same. Thisissimilar
to other studies * which have shown a good
lymphocyte proliferation isassociated with agood
immune response and better prognosis.

A significant pattern of cytokine secretion
from theselymphocyteswas seen. Asseenin (Table
3), amajority (26/31) 85%of restricted pulmonary
disease) showed alarge amount of IFN —y (mean
level 34 ng/ml) and IL-2 (26 ng/ml) to start with and
the same pattern was seen after three months and
six months. Thisis Thl response and it continues
till the end of therapy .It has been seen in several
studiesthat protectiveimmunity intuberculosisis
mediated by Thl cytokines and particularly by
[FN- y 101213

5/40 cases showing a Th2 response with
predominantly 1L4 secretion (mean level 20 ng/
ml)were all cases of disseminated tuberculosis.
After three months one patient out of five that is
20% convert to Thl and by the end of six months
40% (2/5) convert to Thl with treatment . Thisisa
significant finding one patient in this group died
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and hewasacase of TB Meningitis. A Th2 response
isgenerally seenin caseswith extensive pathology
and tissue destruction but it changes to Thl
response after treatment in some cases, the time
taken may beinyears 0113,

In the third group of 9/40 patients
responded to BCG stimulation by producing all
three cytokines-IFN-vy, IL-2 and IL-4.Such a
response is described as ThO or a mixed response
and has been seen in other studies * > This
responsewas seen in 5/31 that is 16% of pulmonary
tuberculosis and 44% ( 4/9) of disseminated
tuberculosis. All these patients polarized to Thl
response at the end of six months of therapy. This
significant finding shows that irrespective of the
extent of the disease the outcomein these patients
was also good. All these patients except one who
was lost to follow up were declared cured. Other
studies have also suggested that initial T cell
response may be mixed which later polarizes to
Thl or Th2 response pattern °

These results are in agreement with
various other studieswhich showed that protective
immunity in Tuberculosisis Thl mediated and Th2
responseisassociated with increased inflammatory
response and tissue destruction'> 13, The early
response can also be mixed ThO and this polarizes
into either aThl or Th2 kind of cytokine
secretion®®!4, Based on this study whichissimilar
to other studies®™ prognosis of a case can be
predicted .Children showing aThl response have
a better prognosis.

REFERENCES

1 World Health Organization. Tubercul osis Facts
WHO/HTM/STB/factsheet/200.1.World Health
Organization, Geneva, Switzerland. 2006.

2. Novelli, . BCG Vaccination GetsaBoost. Lancet:
2006; 367: 1122-1124.

3. Fine, Pand Dye C., Effect of BCG Vaccination
on Childhood Tuberculosis Meningitis and
Military Tuberculosis Worldwide; a Meta-

10.

11.

12.

13.

14.

15.

analysis and Assessment of Cost Effectiveness.
Lancet: 2006; 367: 1173-1180.

Ray, A.D., C.V.Mahoud, V.V.Bozza, et al,
Endocrine and Cytokine Response in Humans
with Pulmonary Tuberculosis. Brain. Behav.
Immun. 2007; 21: 171-179.

Seth V. Diagnosis and Treatment. IN: Seth V,
Puri RK and Sachdev HPS. Eds. Tuberculosisin
Children. Indian Pediatrics New Delhi, 1991:
8-52

Rigouts L. Clinical Practice: Diagnosis of
Childhood Tuberculosis. EUR J Pediatr.
2009; 168(11): 1285-90.E-pub: 2009.
Amdekar YK, SinghV, KabraSK, et a Consensus
Statement on Childhood tuberculosis. Indian
Pediatr. 2010; 47(1): 41-55.

Orme |.M, Anderson P and Boom WH. Tcell
response to Mycobacterium  tuberculosisInf
disease, 1993; 167: 1481-97.

Mitsuyama M, Akagawa K, Kobayashi K,
Sugawaral, Kawakami K, Yamamoto S, Okada
Z. Kekkaku. Kekkaku. Up-to-date
understanding of Tuberculosis. Immunity. 2003;
78(1): 51-5

Al-Attiyah RJ, Mustafa AS ;Mycobacterial
antigen-induced T helper type 1 (Th1) and Th2
reactivity of peripheral blood mononuclear cells
from diabetic and non-diabetic tuberculosis
patients and Mycobacterium bovis bacilli
Calmette-Guérin (BCG)-vaccinated healthy
subjects. Clin Exp Immunol. 2009; 158(1):
64-73.

Rook G A Th2 cytokines in susceptibility to
tuberculosis. Curr Mol Med. 2007; 7(3):
327-37.

A.k. E, Ciftic F, Bilgic S: Peripheral immune
response in pulmonary tuberculosis: Scan J
Immunol. 2009; 3.

Sander B, Skansen U, DammO, et a. Sequential
production of Th1l and Th2 cytokinesin response
to Live BCG. Immunology, 1995; 86: 512-8.
Flynn J. 2004. Immunology of tuberculosisand
implications in vaccine development,
Tuberculosis. 2004; 84(1-2): 93-101 .

Paul W E and Sedar R A. Lymphocyte
responses and cytokines. Cell; 76: 241-51.

J. Pure & Appl. Microbiol., 5(1), April 2011.



