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ABSTRACT

This study was conducted to understand the patterns of cytokine response in response to stimulation of lymphocytes
with different mycobacterial antigens in BCG vaccinated and non-vaccinated children in the age group of 5-8yrsin
Chennai. BCG vaccinated and non vaccinated children Peripheral Blood Mononuclear Cells were isolated and
cultured with different mycobacterial antigens in RPMI medium and then after 48 hrs the supernatant was collected
and thein vitro levels of 11-2, IFN-y, TNF-alpha, [L-4, IL-10 and TGF-beta were estimated in BCG vaccinated and
non-vaccinated Mantoux positive and Mantoux negative children using sandwich Enzyme Linked Immunosorbent
Assay (ELISA). Different antigens elicit different cytokine response irrespective of the group; however the response
in a Mantoux positive group which has received BCG vaccination appears to be much lower than the BCG non-
vaccinated Mantoux positive group. While no definite distinguishing pattern could be made out, the findings
strongly suggest that the four groups are different from each other in terms of their ability to secrete cytokines in
unstimulated cells as well asin responseto external stimulation.
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INTRODUCTION

The paradox of BCG is that it is simultaneously thest widely used and the most controversial ofvalicines
today[1]. According to Expanded Programme of Imrzation statistics, 50% of all children born in terld in
1985 received BCG vaccination . The present palicthe WHO is to vaccinate newborns with BCG asraegral
part of the EPI since all available information icates high protection by BCG against childhoodetahlosis
particularly severe forms like meningitis and naitit tuberculosis[2] even in areas where there ismah evidence
for protection in the adult population [3]. OnlyetlUSA and the Netherlands have not used BCG oti@gnahscale
[4]. Although BCG Vaccination has been given foeowa century, the mechanism by which it inducegegtive
immunity is not known. We do not even know what thmarkers of immunity to Tuberculosis are. The
immunological changes produced by BCG in the hurbady, strangely, has not been a topic of study;
consequently, very little is known about the immuyegameters such as the cytokines in vaccinatedidugls.
BCG being a mycobacterium should normally indugeagtion to tuberculin which can be expected tdifbong.
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But in a large proportion of individuals it wan&ge do not know what this means. We also do not knwat this
implies for protection from Tuberculosis. Thus agk grey area regarding the protective efficacydee® be
studied: Therefore, a lot more work needs to beedanorder to understand the alterations in the imenstate
following BCG vaccination. However no attempt haet made to determine the profile of cytokinesancinated
and non-vaccinated healthy children. It is necgssastudy the antigen recognition pattern andcttekine profile
of vaccinated and non-vaccinated, tuberculin tesitiye and tuberculin test negative individuals drder to
understand the immune responses to BCG vaccinafioah a study will also provide the basis for datieg

results ofin vitro assay with the tuberculin responses following B@@Gcination.

MATERIALS AND METHODS

This study was carried out among school childrerihia rural area of Chingleput district in Tamil Nadlhe
Cytokine Assays were carried out in the Tubercsld®search Centre. This study was approved btthieal
committee of Tamil Nadu Dr. M.G. R medical Univeysi

STUDY SUBJECTS

The total subjects recruited for the study were lomedred and five, of which 61 were males and 4#eviemales.
Children who belonged to an age group of 5-10 yemese selected from the Government middle school,
Nandivaram, Guduvanchery, Chengalpet, as it wadHat the immune responses would have been estiabliin
this age group as compared to younger childrentHauNTM infection would be insignificant. Studytgects were
divided into four groups based on their BCG statnd the positivity for Mantoux test. After enrollniephysical
examination was done by pediatrician and chesyxuas taken to findout any lesions and then Mantwag given

to all the children. After 72hrs Mantoux readingsmaken and grouped in BCG vaccinated and non-vatswd,
Mantoux positive and negative. Then 20ml of bloadflected and PBMC were separated and stimulated wit
different mycobacterial antigen(BCG,CF,PPD, and PH#&ter 48hrs the supernatant from the cell cdtuvas
separated and stored for cytokine estimation. IBNvma, TNF-alpha,IL-2,IL-4, TGF-beta and IL-10 westiraated
using ELISA method.(BD kits).

The Data was entered into SPSS data base. Thstisdtanalysis was performed using SPSS softwamesion
10.0. As the data were not normally distributesh-parametric tests were carried out to find tigaificance of the
observed differences. Comparisons of data wereyzedl by Mann-Whitney, group analysis was done using
Wilcoxon rank sum, Kruskal-Wallis tests.

RESULTS

One hundred and five healthy school children wergruited in this study of which 26 were BCG vactéoa
Mantoux positive (17 male, 9 female) 34 were BC@cuaated Mantoux negative (19 male, 15 female) 22ew
BCG non-vaccinated Mantoux positive (11 Male, 1 Ingke) and 23 were BCG negative and Mantoux negative
children (14 Male, 9 Female). Positive reactiaresianged between 5 — 11 mm. A total of 250 childvere
screened to get this sample size. The age ofttitly subjects was between 5 — 10 years and theamedje was 8
years. The socio economic status of their paneats generally poor: 77 % of them was daily wagekens, 10%
of them were not working and rest of them were dobusiness or were employed. Of the total studbyests forty
four children were born at home and rest of themevidrn in hospitalVaccination Status was not related to the
place of delivery. Of the total subjects, six were homeless and tlaenily was migrating from a place to place.
Sixty seven percent were from rural area and 33f %hem were from semi urban. Only one child hadatact
history of tuberculosis. None of them had primaomplex. Fifteen percent of them had Recurrent Ratply
Infection (RRI) and only one child had Acute Reafory Infection (ARI). None of them had any chrodisease.
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Graph 1: PATTFRNS OF CYTOKINE IN PHA
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Graph 2: PATTERNS OF CYTOKINE FOR PPD
STIMULATION (pg/ml)
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Graph 5 : PATTERNS OF CYTOKINE IN CONTROL ( pg/ml)
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The difference in the cytokine response upon antigénulation with respect to control levels wittéach group
and the comparison of differences in cytokine Ie\vmtween the groups are explained in the followitions. The
former is to find the pattern of cytokine respotsantigens in toto and the latter is to find thpact of vaccination
and Mantoux status on the in vitro cytokine resgotesmycobacterial antigens. In this study, theetéon of pro-
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inflammatory cytokine IFN¢ was significantly higher for PPD stimulation in #te four groups than for other
mycobacterial stimulation as expected ( p-valu€®,.023,0.004, 0.001,K.W- 33.499). The respons8CG
stimulation was significantly raised in Mantoux jpie® group irrespective of vaccination. (P-vall@@L and 0.008)
and for the CF stimulation significant raise waseaved only in non-vaccinated Mantoux Positive gr¢uvalue-
0.001). IL10 is less in the vaccinated groups caenéo the unvaccinated group irrespective of Maxtstatus. (p-
value, 0.001) (Table-2) IL-10 response to PPD apptadepend both on the group and on the antiged €or
stimulation. (p-value 0.002,0.006,) It is lowertlle Mantoux positive children as compared to Maxitoegative
children. PPD elicited response was more amongviistoux positive individual irrespective of vacdioa. (p-
value,0.001) Inversely BCG elicited response wasemamong vaccinated children irrespective of Maxtou
status.(p-value,0.017) CF elicited response wasdependent on either vaccination or Mantoux st@giuslue,
0.400) Thus there was a pattern of response e#tpect to the antigen used for stimulation.

There was significant difference observed in thkipe levels in the un-stimulated specimens (@ds}rin four
groups irrespective of vaccination and Mantouxustal his was seen particularly in the Ta&NFL4, and the TGB;
but not so much in the other cytokines.

The cytokine response to PHA, which was used ass#iye control. The levels are higher, but thegratis almost
identical. Thus, the four groups appear to be whgar even with respect to background level of &ytes, and to
stimulation with nonspecific antigens. The reasanrtliis is unclear, and it may represent backgratimiulation.

How do the four groups behave in response to sétiaud with CF, BCG and PPD? The following graphsves the
levels of cytokine secreted to different antiggmstation among four groups. The secretion of miteimmatory
cytokine IL-2, IFNy and TNFa was not significantly higher for PPD stimulatidmah for other mycobacterial
stimulation as expected. Thus the PPD may not éesplecific protein which helps to induce the pritaimmatory
cytokines.

The response of the cytokines to PPD in the foaugs is dissimilar. Except with respect to TGFthis is elevated
in all the four groups. The maximum level is in thenvaccinated Mantoux positive group followed e t
nonvaccinated Mantoux negative group. Thus vadcinappears to suppress the secretion of TIREO is less in
the vaccinated groups compared to the unvaccirgr@ap irrespective of Mantoux status. TNFis higher in the
Mantoux negative groups compared to the Mantouiipesrrespective of vaccination.

The cytokine secretion response to stimulation witliure filtrate is different. The TGdlevels are higher in the
nonvaccinated group compared to the vaccinatedpgiroespective of Mantoux status. The TNFKs raised in the
Mantoux negative groups irrespective of vaccinatldtD and IL4 is higher in the vaccinated as coredato the

nonvaccinated group. IL2, and IENappear to be similar in all the four groups.

The response to BCG is closer to that with PPDeratihan with CF. TGE is raised in all the four groups, but the
levels are lesser in the vaccinated groups. TN&=higher in the Mantoux negative group compacethé Mantoux
positive. This difference is seen in both the vaatéd and unvaccinated groups. IL10 is less invitzinated
groups compared to the unvaccinated groups, irotispeof Mantoux status. IL4 is more in the vactathgroups
compared to the nonvaccinated groups. (IF¥ higher in the vaccinated Mantoux positive graampared to the
other groups. IL2 is similar in all the four graup

The maximum levels of IL2 stimulation appeared ¢oitb response to PPD in the Mantoux positive caiidand to
BCG in the Mantoux negative children. Taking thenNdaccinated Mantoux negative children as naive, th
secretion of IL-2 in the BCG vaccinated Mantoux atége is significantly less (p<0.05). Similarlyetthevels in the
Mantoux positive vaccinated children is lower thlat in the Mantoux positive unvaccinated childrathough the
levels in the Mantoux positive children are muoghierr than the Mantoux negative group.

In naive children, i.e. the nonvaccinated, Mantoagative group, the TNFlevels are lower than the other groups,
irrespective of stimulation. Among the other thigreups the response is maximum in the vaccinatedtddix
positive and least in the vaccinated Mantoux negaith response to PPD. However the levels of TNif- the
vaccinated Mantoux negatives are higher than inutineaccinated Mantoux negative unlike the other.tB6G
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elicits the highest response in the unvaccinatesitMex positives, and almost no response in the aoivated
Mantoux Negatives. The response to CF is leasténlnvaccinated Mantoux negatives and almost sirmilghe
other three groups.

The IL-4 stimulation response appears to depenkotim the group and the antigen used for StimulatResponse
to PPD is higher in the non vaccinated childreespective of Mantoux status. Response to BCG altdrediltrate
is highest in the Mantoux negative group irrespectdf vaccination status. Levels of IL-4 in the ciaated
Mantoux positives are higher than those in the weted Mantoux negative individuals.

The response of TGE-seems to be different from all the other cytok{pe$.05). Response to stimulation with
PPD is higher among the Mantoux positives in thecireated children and higher among Mantoux negstinehe
unvaccinated children. Response to BCG is highamgnMantoux negatives, and does not appear toflheinted
by vaccination status. Response to CF is highemgniantoux Positives compared to Mantoux negatarasng
the vaccinated children, but higher in the Mantoagatives among the unvaccinated children.

Patterns of Cytokine response among the four graupssponse to different antigen stimulation isvgh in the
graphs 1-5. The pattern seems to be similar ithallgroups irrespective of vaccination and Mantetatus. The
similarities or differences between the groups appe depend largely on the antigen used for stitian.

The IL-2: IL-10: AND TGF-b: pattern of IL-2,IFN4, IL-4 and IL-10 is similar in all the groups, shiogy low
levels, and TNE- and TGF:l[Jshowing similar pattern of raised levels in akk tiroups. The same pattern was
observed even in control.

When we compare individual cytokines between the f§poups categorized by the stimulating antiges fiwd that
the antigen strongly influence s the resulting kiyte levels. Taking the controls as the baselinele IL2 shows
better response to PPD as compared to other astigghe Mantoux positive groups. The levels of IlhZhe four
groups in response to PPD are different from thaiesponse to BCG or CF. There is a similar patitethe [FNJ

but not in the TNFE.. However, for the Th2 cytokines IL-4:1L10: and TGF ] the patterns are the same between
the four groups irrespective of the antigen usedtionulation.

Different antigens elicit different cytokine respenirrespective of the group. PPD elicited respomas more
among the Mantoux positive individual irrespectiok vaccination. Inversely BCG elicited response wasre
among vaccinated children irrespective of Mantotatus. CF elicited response was not dependent threrei
vaccination or Mantoux status. Thus there wastipaof response with respect to the antigen @sestimulation.

However the response in a Mantoux positive grouchvhas received BCG vaccination appears to be rraveér
than the BCG non-vaccinated Mantoux positive graups BCG appears to suppress the innate immupenss.
Mainly this suppression was more in TH1 cytokinepanse except in TNE- which appear to be higher. Thus,
TH2 appear to be maximum in BCG negative Mantougatige group and it was suppressed in BCG negative
Mantoux positive group. This pattern was not sodent with TGFIConsidering IFN=] across all types of
stimulation the secretion was minimal in non vaat®d Mantoux negative group.

While no definite distinguishing pattern could bade out, the findings strongly suggest that the fgoups are
different from each other in terms of their abilitysecrete cytokines in unstimulated cells as a®lin response to
external stimulation. Thus, the response of poprato BCG appears to be different in those who Meatoux
negative compared to those who are mx positivis; diso different from the unvaccinated Mantouxategs and
the unvaccinated Mantoux positives. Hence, the blanstatus after BCG may reflect the immune capagfithe
individual and may not be the effect of simple wanilt may not even reflect the capacity of theivittlal to
respond to different antigenic stimulation. Whaistmeans for the susceptibility of the individual develop
tuberculosis can only be answered by a large dodtev-up study. While the number of subjects imststudy is
sufficient to show significance between absolufeedénces, larger numbers are needed to elicindefpatterns in
each of the four groups
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DISCUSSION

This study has, for the first time looked at tharfmaturally occurring groups - viz, BCG vaccinatd non-

vaccinated skin test positive and negative childfdso for the first time the pattern of six cytokis together been
studied in the children. This profile in responeethree antigens — CF, BCG and PPD has been stusliiedh a

comprehensive assay of cytokine generation, hasjt&nowledge, has not been taken up so farpfégent study
addresses this issue and tests whetheiirthétro cytokine response to mycobacterial antigens cavesas an

indicator to delineate the vaccinated and non-veated children, who are Mantoux positive or negatfter the

vaccination had been given at birth as per natipobity under the routine programme conditions..

This study attempts to understand the profile ef $fx cytokines studied, and to see if demonstrdbferences
exist between groups. Most of the studies use PPdhtigen to determine the profile of immune respaness that
distinguishes patients with TB from healthy tubdirepositive controls and we have used both CF 8@
antigens also because we did not know which antigemms to be more effective in eliciting a spegifidtern of
immune responsiveness to tuberculin-positive hgdhbdividuals. The simultaneous use of the threiggans has
shown up some interesting findings. The high lewdlf_-2 secretion in BCG vaccinated Mantoux pastigroup
for PPD and BCG stimulation showed that IL-2 isypig some role in altering the Mantoux reactiono3é who
are Mantoux negative after BCG vaccination areiigantly different from those who are Mantoux pos. This
response is seen with BCG stimulation as well @b WPD stimulation. Hence these two groups of iildials
would appear to be immunologically different wittspect to their IL2 status. On Stimulation with P®Bre is a
significant difference only between the Mantoux at@ége and positive. There is no difference in tleeponse
between vaccinated Mantoux positive and unvacahdfiantoux positive to PPD stimulation, but thereais
difference to BCG stimulation. Therefore it is pbss that a positive Mantoux some years after B@Gcination is
given would indicate fresh infection rather thanmomity.

This pattern of difference is seen in all the cytek studies. Hence, it may be reasonable to tatehe Mantoux
reaction should not be taken as a measure of intgnoonferred by BCG. IFNA response is one of the well-taken
correlates of protective immune response. Ther@@ous reports on the increased IENesponse exhibited by
the Mantoux positive individuals and its correlatiwith the DTH response [5]. Our observation doessupport
this as even the Mantoux negative children pictuaesignificant IFNE response to PPD stimulation vitro
pointing out the crucial importance of the demographic andirenmentalsetting for the efficacy of BCG
vaccination. Nonvaccinated Mantoux positive grolqma showed CF-specific IFN-response for which the reason
is unknown. The BCG-specific IFN- response by BCG- MX+ subjects indicates the praposure to
environmental mycobacteria that shares cross-keaatitigens withM. bovis. The response of vaccinated Mantoux
positive subjects can be attributed to the preseficeemory T-cells generated due to the prior vaatobn. But a
study reported that the secretion of IL-2 and IENyy the PBMC was significantly (P<0.05) high in treccinated
Mantoux positive’s than the unvaccinated childrénd they observed that in majority of the BCG vaeted
children, the stimulation of specific TH1 cells se& be considerably high, in short-term in vitdtares.[6] In
rural Malawian population they have shown thatlffd-[1 response to PPD . tuberculosis correlates strongly
with skin test responses k. tuberculosis PPD RT23 [7] This is similar to our findings.

The different response seen to the culture filtiateur study may be because of the presence skthpecific
antigens in the culture filtrate. Hence it wouldibieresting to study the profile of response tmatiery of antigens
and then follow up the children for developmenfl&:. Such a study is likely to be very costly, asdeyond the
scope of this thesis.

The lack of IFN£] response by BCG+ MX- may be due to absence of merglls and indicates that the BCG
vaccination is ineffective in these children. Besmwf the non-exposure to environmental mycobactnd non-
vaccination status, the BCG- MX-group did not shamy BCG specific response. Higher levels of IFNwere
detected in PPD stimulation in vaccinated and Maxfaositive groups showed that BCG vaccination eotsvthe
Mantoux reaction in children. Why this occurs oimlysome children is a point that should be studliether.

In our study, the TNF4 levels increased significantly in all the stimeldtconditions irrespective of vaccination and
Mantoux Status. The reason for the insignificamtdpiction of TNFtI[1to BCG stimulation by BCG-M+ group is
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unknown. Also then vitro pattern of TNFtl response to mycobacterial antigens did not matc¢h thie IFN¥
secretion pattern. This supports the previous ebsen by Lihao Chenwhich suggest that the TN&-does not
control type 1 immune activation by directBgulating IFN¥ production[8]. In contrast, EP Moura, study showed
that the tuberculosis patients had significantlged TNF-alpha production and they suggest thatdyiokine may
be involved in the destruction of pulmonary tiss[#ds

The IL-10 secretion was significantly higher in #ile stimulated conditions implying that the resgporof this
cytokine is mycobacterial antigen-specific and mdpendent of the vaccination status and exposore t
environmental mycobacteria. Notably, the IL-10 lsweere high for the CF stimulated conditions intlaé groups.
The absence of difference in IL-10 levels in vaatén and non-vaccinated children indicates thairpBiCG
vaccination does not alter IL-10 production. Thidri accordance with the previous report by Baal in pre and
post vaccinated adults. This is supported by tlesgnt observation of increased TNFand IL-10 levels in the
culture supernatants. [10]

The IL-4 response was significantly higher in &k tstimulated conditions in all the children. Thiglies that the
production of this cytokine is antigen-specific asdindifferent to vaccination and Mantoux statlibere is no
apparent variation pattern in vitro IL-4 secretion among different groups for mycolkeaiet antigens. If this IL-4
component to the response evoked by BCG is dettahethen one would expect the efficacy of BCG ® b
variable, particularly in areas close to the equatbere the Th2 response to M. tuberculosis islfike be
particularly high. Similarly, repeat BCG vaccinatimight be hazardous in the same environments bedamight
boost the IL-4, rather than the IFN{Icomponent. In this study, we could not find argndicant response in the
IL-4 production irrespective of vaccination and Ntaunx status.

In the present study, there was no regular patiefMGF{3 response to the mycobacterial antigamnsitro within
the groups and the variation pattern between tbepy, thus obscuring the conclusions to be dravhe increased
TGF{ was reported in patients with pulmonary tuberdslasd tuberculous pleuritis [11]. In this studyey found
increased TGF4 levels even in healthy children and this supptiréspresent report that the T@Fenhances IL-10
production.

CONCLUSION

Prior vaccination with BCG did not influence threvitro cytokine response in pediatric population. Thhis study
has shown up significant differences in the cytekievels in the groups, and differences in the cigpaf the

lymphocytes from children in the four groups topmsd to stimulation. The response seems to depanthe
antigen used for stimulation, rather than on theugr Thus No definite pattern could be demonstrétedeach

group. The implications of these findings are digant. Vaccination does not alter the cytokinspense. But the
pattern seems to depend on the antigen used foulstion. It may be possible to identify a pattebbnt further

studies and larger studies are needed to definiengblecations for prediction of clinical course tfe infection or to
define immunity in trials of new vaccines. Defitjtea pattern seems to be of more value than desinygokine.

Limitations of the Study

The cytokine pattern has been studied only in PBKIRildren have not been actively followed up. Bugyt were
asked to report to the health facility in case mf diness over a period of 6 months to one yeamélhad reported
with any illness. This could be because we hadvelgtiscreened out only healthy children, or becathsy
preferred other sources of health care. Only Crudwire filtrate antigen had been used due to treavailability
of funds.
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