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Department of Immunology

Overview: The Department of Immunology focuses on the human host immune response in 

vitro and also immunogenetics. In addition immune response in animal models is also under 

investigation. Not only host related parameters, but the molecular biology of the pathogen 

mycobacteria is also being studied.

Several serologically reactive antigens and novel T-cell antigens in culture filtrate of  M. 

tuberculosis have been identified and expressed in E .coli. Moreover, antigens which are 

specifically over expressed or which exclusively appeared during oxygen stress have been 

identified. These dormancy associated antigens may play vital role in persistence or 

maintenance of persistence of TB. Whether these antigens can be used as biomarker for 

differential diagnosis of LTBI and PTB will be explored.

Global proteomic comparison of M. tuberculosis H37Rv and its isogenic pknE deletion 

mutant has revealed that PknE has a role in regulating the metabolism of M. tuberculosis that 

could enable the survival in hostile environments. The substrates of FtsY and FfH have been 

identified by protein interaction studies. The whole-genome sequencing of 4 clinical isolates 

of M. tuberculosis, from Tamil Nadu state has been completed.  

Studies on the effect of Vitamin D3 on various immune parameters have been carried out. 

Vitamin D3 increased the xpression of antimicrobial peptides like Cathelicidin and Defensin 

via toll-like receptor (TLR) signalling and enhanced the innate immunity against PTB. Itmay  

also act as anti-inflammatory by enhancing regulatory T- cells that lead to suppressed  

perforin and granulysin expression at the site of infection in PTB.   

Immunogenetic studies revealed that MCP-1 -2518GG genotype may be associated with 

protection in males and susceptibility to PTB in females, along with altered chemokine/ 

cytokine levels. 

In TB pleurisy, increased levels of all cytokines in pleural fluid indicate TH1/TH2 mixed 

immune response at the site of infection. Neutrophil mediated innate immune responses in 

TB have been studied in vitro: H37Rv was more effective in activating neutrophils and in turn 

stimulating monocytes and T-cells. In comparison, vaccine strains were less effective in 

modulating neutrophil functions. The increased expression of various signaling receptors 

along with the activation markers on H37Rv infected neutrophils indicated its strong capacity 

to activate and initialize the immune response. 

Studies completed:

(I) Effect of vitamin D on Cathelicidin, Defensin-1 and Toll like receptor gene 3 

expression in the neutrophils of PTB patients

Background: Neutrophils are essential components of the human innate immune system 

and associated with the first line defense mechanism against invading microorganisms. 

Vitamin D a potential immunomodulator, is known to influence innate and adaptive 3, 

immunity. In the present study, the effect of vitamin D on the innate immune functions of 3 

neutrophils in PTB is explored at the molecular level using RT-PCR.

Aim: (i) to find out vitamin D  effect on cathelicidin, defensin-1a  and TLR gene                    3

expression in the neutrophils of PTB patients

Methods: The study was carried out in 20 PTB patients and 20 healthy control subjects. 

Neutrophils isolated from heparinized blood by Ficoll-Hypaque gradient centrifugation 

followed by sedimentation in 3% Dextran. Neutrophils were cultured for 18 hrs with live       

37 



M. tuberculosis and its culture filtrate antigen (CFA) in the presence and absence of vitamin 

D  The total RNA extracted was used for complementary DNA (cDNA) synthesis. Relative 3.

quantification of the target genes cathelicidin, defensin-1á, vitamin D receptor (VDR), TLR-

2,4,8,9, TIRAP genes and house keeping gene ß -actin was carried out using RT-PCR with 

TaqMan assay primers and probes.

Results: Vitamin D  significantly increased the relative fold expression of cationic anti-3

microbial peptide (CAMP), Defensin- a 3, TLR-2, TLR-9 and TIRAP genes as compared to 

ethanol treated control neutrophils in both the  study groups (p<0.05). Vitamin D  treatment 3

significantly up regulated CAMP expression in CFA stimulated and M.tb infected neutrophils 

in HCs (p=0.0007 and p=0.0079) and PTB patients (p=0.0022 and p=0.0069) (Fig.2.5). In 

M.tb stimulation, TLR9 expression was significantly increased as compared to unstimulated 

cells (p<0.05) in both the study groups. There was no significant effect of vitamin D  on TLR4 3

and TLR 8 mRNA expression in controls and PTB patients.

Fig. 2.5: Effect of vitamin D  on the relative expression of CAMP mRNA 3
-7Uns: Unstimulated cells; ETOH: Ethanol control; V7: Vitamin D  1x10 M concentration; 3

Mtb: M. tuberculosis; HCs: Healthy controls; PTB: Pulmonary tuberculosis patients 

Conclusion and Implication : The study results suggested that vitamin D  may increase the 3

TLR expression and lead to increased expression of antimicrobial peptides via TLR signalling 

and enhance the innate immunity against PTB. 
(Contact person: Dr. P. Selvaraj, e.mail: selvarajp@nirt.res.in)

(ii) Effect of vitamin D  on intracellular expression of perforin, granulysin and regulatory      3

T-cells in PTB
 Background: Protective immunity in TB is dependent on the co-ordinatedrelease of cytolytic 

 effector molecules from effector T-cells and the subsequent granule-associated killing of 
 infected target cells. Vitamin D  is a potent modulator of macrophage and lymphocyte 3

functions and enhances the exocytosis of cytolytic granules like perforin and granzymes and 
 antimicrobialmolecules such as granulysin from cytotoxic T-lymphocytes. T-regulatory (Treg) 

cells have been shown to suppress antimicrobial immune responses against intracellular 

pathogens and protect the host by preventing collateral damage from excessive 

inflammation. The present study was aimed to understand the effect of vitamin D  on 3

intracellular expression of various cytolytic molecules and regulatory T-cells in PTB.

Aim: (i) to find out the effect of vitamin D  on intracellular expression of perforin, granulysin                  3

and regulatory T-cells in PTB 
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Methods: The study was carried out in 20 PTB patients and 20 healthy control subjects. 

Peripheral blood mononuclear cells were cultured for 72 hrs with live M.tuberculosis and its 

CFA in the presence and absence of vitamin D  After 72 hrs, the cells were processed for 3.

immunostaining of CD4, CD8, CD25 and CD56 cell surface markers and intracellular 
+ perforin, granulysin and Foxp3 for regulatory T-cells by using specific monoclonal 

antibodies and analyzed in flow cytometry.

Results: Vitamin D  significantly suppressed the expression of perforin (Fig. 2.6) and 3

granulysin (Fig. 2.7) of M.tb and CFA stimulated total cells, CD8 and CD56 positive cell 

subsets (p<0.05). A significantly higher expression of Tregs was found in vitamin D  treated 3

cells compared to ethanol treated control cells (p<0.05) in healthy controls (HCs) and PTB 

patients. Vitamin D significantly enhanced the FoxP3 expression in the regulatory T-cells 3 

positive for CD4 and CD25 as compared to live M.tb and CFA treated cells in both the study 

groups (p<0.05). PTB patients showed higher Treg positive cells compared to healthy controls. 

Conclusions and Implications: Vitamin D may act as anti-inflammatory by modulating T-3  

cell response in adaptive immunity by enhancing regulatory T- cells that may lead to 

suppressed perforin and granulysin expression at the site of infection in PTB.   
(Contact person: Dr. P. Selvaraj, e.mail: selvarajp@nirt.res.in)

(iii) CCL2 (MCP-1), CCL3 (MIP-1a) and CCL4 (MIP-1b) gene polymorphisms in PTB 

patients of south India

Background: Host genetic factors were suggested to play an important role in genetic 

makeup and to determine the inter-individual variation. Chemokines are small, secretory 

chemotactic cytokines which mediate constitutive recruitment of leukocytes from blood to 

the site of infection. Earlier studies revealed that genetic variations in chemokine gene are 

associated with differences in disease susceptibility and clinical manifestations. 

Aim: (i) to find out whether various CC chemokine gene polymorphisms as well the              

haplotypes of these genes are associated with susceptibility or resistance to               

PTB in south Indian population

Methods : Polymorphisms of the various CC chemokine genes, MCP-1 (-2518A/G, 

903C/T), MIP-1a (-2021C/T, +740A/G) and MIP-1b (-5725A/C) were studied in 295 HCs and 

303 PTB patients using polymerase chain reaction based restriction fragment length 

polymorphism (PCR-RFLP).
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Results: The allele and genotype frequencies were not significantly different between the 

study subjects. However, a significantly decreased frequency of GG genotype was observed 

in male PTB patients as compared to male HCs (p value=0.015, OR 0.43 95% CI (0.21-

0.86)) and an opposite trend of increased frequency of GG genotype was observed among 

female PTB patients as compared to female HCs (p value=0.049, OR 2.28 95% CI (1.00-

5.27)). Moreover, we also observed significant differences in the haplotype frequencies of 

these chemokine genes between HCs and PTB patients.

Conclusion and implication: The results suggest that MCP-1 -2518GG genotype may be 

associated with protection in males and susceptibility to PTB in females. This genotype in 

combination with other functional polymorphisms may be associated with altered chemokine 

/ cytokine levels and result in the development of TB or protection against disease progression. 

(Contact person: Dr. P. Selvaraj, e.mail: selvarajp@nirt.res.in)

(iv) A mixed immune response at the site of infection in tuberculous pleurisy

Background: The entry of mycobacterial antigens into the pleural space triggers local, 
+delayed type hypersensitivity reaction leading to the recruitment of CD4  cells to the site of 

infection in tuberculous pleurisy (TP). In TB, the inflammatory response is generally T helper 

(Th) 1 driven which provides protection against mycobacterial infections. Recently 

discovered Th17 cells are also important in inducing optimal Th1 response but its role in TP 

remains unclear.

Aims: (i) to compare the levels of Th1, Th2 and Th17 cytokines in plasma (BL) and pleural 

fluid (PF) of TB and non-TB (NTB) patients and explore the possibility of using them as 

potential additional markers for the diagnosis of the disease

Methods : Blood and PF samples were collected from 44 patients, of them 28 had exudative 

pleural effusions with lymphocytic predominance (TB) and 16 had non-TB etiology and 

formed control group (NTB). Cytokines were estimated using commercially available Bioplex 

multiplex cytokine assay system (Biorad, Hercules, CA) following the protocols specified by 

the manufacturers. 

Results: The levels of Th1 cytokines (IFN-gamma, TNF-alpha, IL-2, IL-12 and GM-CSF) 

(Fig. 2.8), Th2 (IL-4) (Fig. 2.9) and Th17 (IL-6, IL-1beta and IL-17) (Fig. 2.10) were 

significantly higher in PF than BL in both TB and NTB groups. On the contrary, the levels of 

other Th2 cytokines (IL-10 and IL-13) (Fig. 2.9) were significantly higher in PF compared to 

BL only in TB group. When compared between the groups, significantly higher levels of IL-6, 

IL-10, IL-12 and IL-13 in BL and IL-10 in PF were observed in NTB. 

Conclusion: In TB pleurisy, increased levels of all cytokines in PF indicate mixed immune 

response at the site of infection. Moreover, the differential Th2 cytokines (IL-10 and IL-13) 

can be explored for definite diagnosis of extra PTB like TP. 
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Fig 2.8: Levels of Th1 cytokines in plasma (BL) and pleural fluid (PF) of

tuberculous (TB) and non-tuberculous pleuritis (NTB) patients

Fig 2.9: Levels of Th2 cytokines in plasma (BL) and pleural fluid (PF) of 

tuberculous (TB) and non-tuberculous pleuritis (NTB) patients

Fig 2.10: Levels of Th17 cytokines in plasma (BL) and pleural fluid (PF) of 

tuberculous (TB) and non-tuberculous pleuritis (NTB) patients
(Contact person: Dr. D. Sulochana e.mail : dsulochana@nirt.res.in)
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Studies in progress: 

(I) Identification of serologically reactive antigens in culture filtrate of  M. tuberculosis

Background: Detection of M. tuberculosis (M. tb)-speci? c human antibodies has been an 

important diagnostic aid in the diagnosis of TB. Proteins secreted into the extracellular 

environment by M. tb are recognized by the immune system in the infected host, constituting 

an important source of antigens that induce immune responses with diagnostic value.

Aim:  (i) to identify the serologically reactive fractions in CFA of M. tb

Methods: CFA of M. tb was subjected to preparative 2-dimensional electrophoresis which 

separated CFA into 600 fractions. To identify serologically reactive fractions, each fraction 

was tested with pooled sera of 50 TB patients and 50 healthy control subjects (HCS) by 

indirect ELISA. Fold difference of each fraction was calculated by OD of TB sera / OD of 

control sera. Identified individual fractions were assessed for their serodiagnostic potential 

with 110 sera from HCS and 88 sera from PTB. Cut off value for each fraction was 

ascertained by mean +2SD.

Results: Out of 600 fractions tested, 16 fractions showed =  threefold reactivity in TB sera 

than control sera (Table 2.4). On assessing 16 individual fractions, sensitivity ranges from 

10% to 34% in PTB, with the specificity ranging from 93% to 100% in HCS. While combining 

fractions, 8 fraction combinations (6_14, 18_02, 14_04, 18_03, 8_11, 13_05, 14_03 and 

2_28) increased sensitivity to 87.5% in PTB with the specificity of 88% in HCS (Table 2.5). 

Table 2.4: IEF_WGE fractions and their fold difference

Table 2.5: Sensitivity and specificity of individual and combination of fractions

No. of  IEF_WGE fractions Fold Difference

16 e” 3

94 e” 2

392 < 2

IEF_WGE Fractions % Specificity % Sensitivity

HHC PTB HIV TB

2_25 99.09 10.91 10.23 4.55

2_28 99.09 15.45 11.36 12.5

2_29 96.36 7.27 12.5 1.14

5_10 98.18 8.18 13.64 5.68

6_14 99.09 7.27 34.09 11.36

7_14 95.45 8.18 12.5 7.95

8_07 93.64 15.45 28.41 22.73

8_09 98.18 11.82 17.05 19.32

8_11 99.09 13.64 23.86 20.45

13_02 96.36 17.27 28.41 17.05

13_05 98.18 4.55 18.18 4.55

14_03 100 0.91 13.64 4.55

14_04 97.27 2.73 29.55 13.64

15_28 96.36 2.73 29.55 28.41

18_02 98.18 13.64 27.27 14.77

18_03 98.18 10.91 31.82 13.64

2_28 + 6_14 + 8_11 +13_05 87.5 41.8 88 63.6
+14_03 + 14_04 +18_02 + 18_03
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Conclusion: These eight fractions were identified as serologically reactive fractions and the 
antigens present in these fractions would be the promising candidates for serodiagnosis of TB.
(

(ii) Dormancy associated antigens of M. tuberculosis

Background: Analysis of the mycobacterial antigens associated with the slowly replicating, 
post-logarithmic phase growth of M. tuberculosis, the so-called “dormant” phase, is our 
interest. Three different strains of M. tuberculosis were used in this study: the laboratory strain 
H37Rv and 2 of the clinical strains, most prevalent in south India, S7 and S10. Clinical strains 
were used since no literature reported dormancy associated antigens from clinical strains.

Aim: (i) to identify and proteomically characterize dormancy associated antigens of                 
M. tuberculosis

Methods: H37Rv, S7 and S10 strains were grown aerobically (MB7H9 media, 300rpm, 
o37 C) and anaerobically (0.5 ratio of headspace air volume to liquid volume, MB7H9, 120 

orpm, 37 C). Cytosolic antigens were prepared and separated by 2-D electrophoresis (Bio-
Rad Laboratories, USA) and differentially expressed protein spots were characterized by 
mass spectrometry (AB Sciex, Massachusetts, USA).

Results: Oxygen depletion was set up by Waynes's model and discolorization of methylene 
blue indicates oxygen depletion from the media. In order to investigate proteins expressed 
by hypoxia cultures, cell lysate proteins of M. tuberculosis, S7 and S10 were analyzed by 2-
D electrophoresis and protein spot patterns were compared with those of aerated cultures 
(Fig. 2.11). The protein spots differing between the aerobic and anaerobic cultures were 
excised from the gel and identified by liquid chromatography tandem mass spectrometry 
(LC/MS/MS). Spots that have increased intensity, compared to aerobic cultures, are 
considered as over expressed proteins under anaerobic conditions. Rv2445, Rv0440, 
RvRv3133c, Rv1908 are characterized as over expressed spots. Few spots, Rv0251, 
Rv2031, Rv2185c, Rv3592, appeared only on oxygen depletion and considered as specific 
proteins for oxygen depletion.

     

Fig. 2.11: Two dimensional electrophoresis of cytosolic proteins of M. tuberculosis 
Circled- New spots, Boxed  over-expressed spots, Triangle  Under expressed spots under oxygen depletion

Contact person: Dr. Alamelu Raja email: alamelur@nirt.res.in)

H37Rv oxygen sufficient H37Rv oxygen deficient

a) 2-D electrophoresis of H37Rv

S7 oxygen sufficient S7 oxygen deficient

b) 2-D electrophoresis of S7 

     S10 oxygen sufficient S10 oxygen deficient

                           c) 2-D electrophoresis of S10
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Conclusion: A few proteins were expressed only under oxygen depleted conditions of 

H37Rv and characterized as hypothetical proteins (Rv2953, Rv2185c, Rv3466 and Rv0854) 

and are found to be conserved among mycobacterial species. In our observation, Rv2031c 

appeared in H37Rv and S7 and over expressed in S10, during oxygen tension. 

Mycobacterial chaperon protein GroEL 2 (Rv0440) was over expressed in both of clinical 

isolates used but not in H37Rv when oxygen is depleted from the culture media. Rv3396c 

also was found to be expressed only during oxygen stress in S10 clinical strains of M. 

tuberculosis. It is predicted to be Guanosine Monophosphate Synthase is a key enzyme in 

the purine biosynthetic pathway.

Compared to other components, stress-associated proteins have received little attention as 

antigens for diagnosis and vaccine development against TB. Thus antigens which are 

specifically over expressed or appeared during oxygen stress may play some vital role in 

persistence or maintenance of persistence of TB.
(

(iii)  Immunoproteomically idenditified M. tb antigens for differential diagnosis of LTBI 

and active TB disease

Background: An estimated one-third of the world's population who harbor M. tb remains 

asymptomatic and termed latently infected (LTBI). Early diagnosis and treatment of LTBI 

individuals are crucial in effective TB control programmes. The existing TST and IFN- 

release assays (IGRAs) are inefficient diagnostic tools for LTBI detection. Earlier we had 

carried out the separation of culture filtrate proteins (CFP) of in vitro grown M. tb by two 

dimensional-liquid phase electrophoresis and tested for the ability to stimulate T-cells in 

human models of TB. Of those, 10 fractions were exclusively recognized only by the healthy 

household contacts (HHC) and not by TB patients. A total of 16 proteins were identified from 

the 10 contact specific (CS) fractions by using LC-MS/MS method. 

Aim: (i) to analyze t-cell mediated in vitro cytokine response to differentiate LTBI and            

active TB, by using 16 antigens. The aim will be fulfilled by; cloning, over               

expression and purification of all 16 antigens; comparison of IFN- levels in            

response to these antigens by using whole blood from the study subjects

Methods: pET/pRSET vectors were used to construct desired recombinant plasmids. Upon 

induction with 1mM IPTG, all the recombinant proteins were over expressed by using BL21 

(DE3)/ BL21 (DE3) pLysS E. coli system. 

Results: Table 2.6 indicates the list of antigens present in the 10 fractions, which were 

exclusively recognized only by HHC and not by TB patients. All the over expressed 

recombinant proteins were purified by affinity column chromatography (Fig. 2.12).        

Some of the proteins (ESAT-6, CFP-10, Ag85B and GroES) were kind gift from         

Colorado State University, USA.

Conclusion: All the purified antigens will be further used to characterize the T-cell mediated 

in vitro cytokine response (IFN-) to differentiate LTBI and active TB, by using whole blood 

from the study subjects.

Contact person: Dr. Alamelu Raja email : alamelur@nirt.res.in)
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Table 2.6: List of proteins present in 10 CS fractions

Fig. 2.12: Purified recombinant proteins in 12.5% SDS-PAGE gel
(Contact person: Dr. Alamelu Raja, email: alamelur@nirt.res.in)

(iv)  Immunological characterization of novel T- cell antigens of M. tuberculosis

Background: PpiA (Rv0009), Rv2204c (hypothetical protein) and mmsA (Rv0753c) are the 

novel T-cell antigens, producing higher levels of IFN-g in latently infected individuals (healthy 

household contacts) than active TB patients which were identified in our earlier studies. 

Bioinformatics analysis also predicted that these proteins had a wider class I and class II HLA 

binding and also more population coverage compared with the well-reported T-cell antigens 

(ESAT-6 and CFP-10). These results provoked us to choose these proteins for further 

immunological characterization in terms of their usage in differentiating LTB and active TB. 

PpiA protein purification has been reported in 2011-2012 report.

Aim: (i) to analyze the T-cell mediated in vitro cytokine response (particularly IFN-g) to                   

differentiate LTBI and active TB disease 

Methods : Rv2204c, Rv0753c genes were amplified by using H37Rv genomic DNA of M. tb 

and cloned in pRSET-A vector. The recombinant protein was over expressed and purified in 

E. coli expression system [BL21 (DE3)]. Purification was done by affinity column 

Protein Fraction Protein name Gene number Sub cellular location

7_28 GroES Rv3418c Cytoplasm

8_29 AcpM Rv2244 Cytoplasm

8_29 ESAT-6 Rv3875 Secreted

8_29 TB8.4 Rv1174c NA

9_24 CFP-10 Rv3874 Secreted

9_24 Rv3716c Rv3716c NA

9_24 TrxC Rv3914 NA

9_26 HspX Rv2031 Secreted

10_11 DnaK Rv0350 NA

10_11 Phos1 Rv0934 Cell membrane

10_11 Pst2 Rv0932c Cell membrane

11_24 FbpB Rv1886c Secreted

11_24 Rv2626c Rv2626c NA

12_21 ADK Rv0733 cytoplasm

12_21 KatG Rv1908c NA

12_23 GroEL Rv0440 cytoplasm
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chromatography (Ni-NTA). Blood was drawn from 15 HHC subjects (subjects were 

quantiferon positive and known to be exposed to active TB patients) and 19 active TB 

subjects (QFT positive, smear positive) and diluted (1 in 10) with RPMI. The diluted blood 

was stimulated against purified recombinant proteins with final concentration 5?g/ml and 
ocultured for 6 days at 37 C. Cell culture supernatant was harvested on 6th day and IFN-g 

levels were measured by ELISA.

Results : Rv2204c (13KDa) and Rv0753c (55KDa) recombinant proteins were purified by 

affinity column chromatography (Fig.2.13). Endotoxin contamination of these recombinant 

proteins ranged from 1 - 1.5ng/mg, which was estimated by Limulus amebocyte lysate assay. 

All the three antigens induced significantly higher IFN-g production in HHC compared to 

active TB subjects (Fig. 2.14).

Conclusion : This preliminary study shows, these three antigens are differentiating LTBI 

from active TB disease in terms of IFN-g levels. Number of study subjects will be increased in 

this direction which may aid to confirm whether these antigens can be used as biomarker for 

differential diagnosis of LTBI and PTB.

Fig. 2.13: Eluted protein fractions of Rv2204c and Rv0753c in SDS PAGE gel

Fig. 2.14: IFN- response against 3 antigens

(Contact person: Dr. Alamelu Raja, email: alamelur@nirt.res.in)

(v) Structural characterization of three essential genes from M. tuberculosis

Background: Search for new drug targets for treating TB, is essential since XDR and MDR-
TB are more prevalent. Previously in our laboratory, proteomic characterization of low 
abundant proteins in the CFPs of M. tb (H37Rv strain) was carried out. The experiments (in 
vitro and in silico) showed that three proteins (Rv1177, Rv2675c and Rv3503c) had no 
human homologues and hence have potential to be tested as drug target against TB. The 
current study is initiated with the expression of these three antigens of M. tuberculosis to 
target for drug discovery.
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Aim: (I) to clone, overexpress and purify three proteins coded by genes (Rv1177,             

Rv2675c and Rv3503c) from M. tuberculosis, study the structure of these proteins          

and check whether these proteins can be used as drug targets for TB

Methods: All the three genes were PCR amplified using H37RV strain of M. tuberculosis as 

template. Cloning of each individual gene is performed using pET TOPO directional cloning 

vector. The cloned genes are transformed into the expression strain (BL21 star DE3) and the 

proteins are over-expressed by Isopropyl b-D-1-thiogalactopyranoside (IPTG) induction. The 

proteins are then purified by Ni-NTA column (affinity chromatography).

Results: Amplification of all the three genes was done by PCR in appropriate conditions of 

melting temperature (Fig. 2.15). The amplified and PCR purified genes of interest were 

cloned into pET TOPO directional cloning vector and the recombinant vectors were 

transformed into TOP10 cells. A colony PCR was performed to confirm the presence of the 

genes of interest in the colonies (Fig. 2.16) and the recombinant vectors were transformed 

into the expression strain (BL21 star DE3).

Fig. 2.15: PCR amplification of Rv1177 (327bp), Rv2675c (753bp) and Rv3503c (192bp)

Fig. 2.16: Colony PCR of the recombinant genes after cloning into pET TOPO 

directional cloning vector

Conclusion: The cloned genes are confirmed using colony PCR and vector PCR. 

Expression of the individual proteins will be carried out in appropriate conditions after 

standardizing the temperature for expression and studying the time kinetics.
(Contact person: Dr. Alamelu Raja, email: alamelur@nirt.res.in)

(vi) Knock out mutant of lpqS in M. tuberculosis is attenuated in guinea pig model of 

infection

Background: Lipoproteins constitute about 2,5 % of the total M. tuberculosis proteome. 

Deletion of the lipoprotein gene lpqS (Rv0847) from the genome of M. tuberculosis results in 

defective in vitro growth of the mutant. The mutant is also attenuated for growth in 

macrophage model of infection. Complementation of the mutant fails to restore the wild type 

characteristics.
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Aims: The main objective of the study is:

(i) to study the intracellular viability of the mutant in guineapig model of  infection and

(ii) to analyze whether Rv0847(lpqS)-Rv0850 are expressed as an operon

Methods: Guinea pig infection with M. tuberculosis

Pathogen free 200300g female outbred Dunkin Hartley guinea pigs were housed in stainless 

steel cages and were provided with ad libitum food and water in a BSLIII facility (National 

JALMA Institute of Leprosy and Other Mycobacterial Diseases, Agra, India). All the 

experimental protocols were reviewed and approved by the animal ethics committee of the 

institute. Guinea pigs (n = 6) were infected with 20-50 bacilli of each of virulent M. 

tuberculosis H Rv, rlpqS mutant and the complemented strain CrlpqS via the respiratory 37

route in an aerosol chamber (Inhalation Exposure System, Glasscol Inc., IN, USA). Four 

weeks after infection animals were euthanized by i.p. injection of Thiopentone sodium (100 

mg/kg body weight) (Neon Laboratories Ltd., India). After aseptically dissecting the animals, 

lung, liver and spleen were examined for gross pathological changes and scored using the 

Mitchison scoring system. Specific portions of lungs and spleen were then weighed and 

homogenized separately in 5 ml saline in a Teflon glass homogenizer. Appropriate dilutions 

of the homogenates were inoculated onto 7H11 agar plates in duplicates and incubated at 

37°C in a CO  incubator for 3  4 weeks. The number of colonies were counted and expressed 2

as log CFU/g of tissue. 10 

RT-PCR Analysis : Isolation of total RNA from M. tuberculosis 

Cells of a 50 ml M. tuberculosis culture was resuspended in 4 ml of Trizol (Invitrogen) and 

vortexed to make a uniform suspension. They are then aliquoted as 1 ml suspension into 

vials containing 0.1mm zirconium beads. Cells were then disrupted using mini bead beater 

for 10 rounds at a maximum speed for 30 seconds.  The lysate was then centrifuged at 
o10,000 rpm for 20 minutes at 4 C. Supernatant was then transferred to another fresh 

autoclaved vial and the total RNA purified using an RNeasy purification kit (Qiagen). 10 ?g of 

RNA was then made upto 50 ?l with DNaseI buffer and added 1 ?l of RNase inhibitor and 2 ?l 
oDNaseI and incubated at 37 C for 45 minutes. The sample was then treated with 0.5 ?l of 

o0.5M EDTA and incubated at 75 C for 10 minutes. PCR was carried out with gene specific 

primers to confirm the absence of DNA contamination. A small aliquot (3 ?l) of RNA was then 
odenatured at 65 C for 15 minutes in a new PCR tube and quantified using nanodrop. cDNA 

synthesis was then performed using Quantitech Reverse transcriptase kit (Qiagen). 

Reverse transcriptase negative (RT-ve) reactions lacking reverse transcriptase enzyme was 

also carried out simultatnously to confirm that the RNA extracted is free of DNA 

contamination. RT-PCR reactions were then carried out for the intergenic regions of the lpqS 

gene cluster (lpqS- Rv0850).  Primer pairs used for RT-PCR experiments are given in table 2.7 
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Intergenic Primer pair Intergenic region Amplicon  
Region no. amplified size

1 lpqS F1 5'-GTTCTGCCTGGCTCGTCGCT-3' lpqS-cysK2 183bps
cysK2R1 5'-GTTGGAGGTGATGCTTGTTG-3'

2 lpqS F2 5'-TTCGCACCGGTCAAGACCTG-3' lpqS-cysK2 300bps
cysK2R2 5'-AGTGACTTGATATCCCTCCG-3'

3 cysK2F1 5'-ACACGCAGCACCACGGTGAT-3’ cysK2-Rv0849 220bps
Rv0849R1 5'- AAATTGCGCACGCCCATCAC-3'

4 cysK2F2 5'- CATCTACAACGACGCGTACT-3’ cysK2-Rv0849 234bps
Rv0849R1 5'- AAATTGCGCACGCCCATCAC-3'

5 Rv0849F1 5'-CGTCGGTTGGACACATTCAC-3’ Rv0849-Rv0850 240bps
Rv0850R1 5'-TCCTGATTGAATACCGCACG-3'

6 cysK2F1 5'-ACACGCAGCACCACGGTGAT-3’ cysK2-Rv0850 1473bps
Rv0850R1 5'-TCCTGATTGAATACCGCACG-3'

7 lpqS F1 5'-GTTCTGCCTGGCTCGTCGCT-3’ lpqS-Rv0849 1527bps
Rv0849R1 5'-AAATTGCGCACGCCCATCAC-3’

Table 2.7:  Primer pairs used for RT-PCR 

rlpqS mutant is attenuated in guinea pig model of infection 

To determine whether LpqS is required for adaptive survival upon entering a mammalian 

host, guinea pigs were infected with M. tuberculosis H Rv, MTBrlpqS and the 37

complemented strain CrlpqS via the respiratory route in an aerosol chamber calibrated to 

deliver approximately 20-50 bacilli to the lung. Six animals were included in each group. The 

infecting bacilli were previously grown to early exponential phase (OD -0.5) in enriched 600

7H9-OADC-Tween20 medium. Animals were sacrificed after four weeks of infection. On 

comparing the number and size of the gross lesions in lung, liver and spleen it was observed 

that the organs of animals infected with H Rv exhibited extensive involvement and were 37

characterized by the presence of numerous large tubercles and areas of necrosis compared 

to organs of guinea pigs infected with the MTBrlpqS. Organs of guinea pigs infected with 

mutant exhibited minimal involvement with one or two large tubercles or moderate number of 

just visible tubercles. Complementation of the mutant resulted in only partial restoration of 

the wild type virulence trait. The rlpqS mutant exhibited significantly reduced size and 

number of lesions in all the organs evaluated when compared with wild type H Rv infected 37

animals. Bacterial load in the lung and spleen of the infected animals were counted (Figs. 

2.17 & 2.18). Significant reduction of about 2 log CFU in the bacillary load of lung and spleen 

was observed with the mutant infected guinea pigs compared with the guinea pigs infected 

with M. tuberculosis H Rv. Complementation of the mutant only partially restored the wild 37

type virulence trait. 

Fig. 2.17: Lung CFU obtained after infection 
of guineapigs with H37Rv, 

rlpqS mutant and complement

Fig. 2.18: Spleen CFU obtained after infection 

of guineapigs with H37Rv, 

rlpqS mutant and complement
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RT-PCR analysis

Unsuccessful attempts to achieve full complementation of the mutant with a single copy of 

the lpqS gene cloned under the hsp60 promoter prompted us to look for the possibility that 

lpqS forms an operon with the genes downstream. RT-PCR analysis was used to identify 

whether lpqS and the three genes downstream are cotranscribed using primers amplifying 

intergenic regions of the gene cluster. cDNAs were synthesized from RNA of M. tuberculosis 

using Quantitect Reverse transcriptase kit from Qiagen. Transcripts were detected for all 

intergenic junctions tested (Fig. 2.19). Negative control experiments were performed by 

excluding the reverse transcriptase enzyme during RT-PCR reactions, which also served as 

means of confirming the absence of DNA contamination in RNA samples.

Fig. 2.19: RT-PCR to establish cotranscription of lpqS, cysK2, Rv0849 and Rv0850.

Total RNA from copper induced M. tuberculosis culture was analysed by RT-PCR. Suitable primers were used 

to amplify the intergenic regions between the gene cluster lpqS-Rv0850 using cDNA as template. 

(A) Blue arrows represent the genes of the lpqS operon. Black bars represents the PCR amplified intergenic 

regions of the lpqS operon using cDNA synthesized from M. tuberculosis total RNA. Black bars are numbered on 

top to denote the intergenic regions amplified by RT-PCR. Primer pairs used to amplify the intergenic regions are 

listed in table 3.

(B) RT-PCR analysis of the intergenic regions of the lpqS-Rv0850 operon. Top row represents the lane 

numbers and numbers in the bottom row represent the corresponding intergenic region. Lane 1: PCR 

amplification of intergenic region 2 using RNA as template. Lane 2 - 6: RT -ve controls (Reverse transcriptase 

enzyme omitted during RT Reactions) for intergenic regions 1-5; Lane 7 (L): 100bp ladder Lane 8-12: 

Transcripts for intergenic regions numbered 1-5 using cDNA from M .tuberculosis.                                                                         

(C) Lane 1: 1kb ladder; Lane 2: Transcript for the region 7;

(D) Lane 1: Transcript for the region 6; Lane 2: 1kb ladder

(Contact person: Dr. Sujatha Narayanan, email: sujathan@nirt.res.in)
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(vii) Global proteomic comparison of M. tuberculosis H37Rv and its isogenic pknE 

deletion mutant 

Background: TB caused by M. tuberculosis survives the hostile immune responses of the 

host by altering its physiology. These adaptations are governed in M. tuberculosis by serine / 

threonine protein kinases (STPK). STPKs are considered to be drug targets due to their 

diverse roles in cell division and pathogenesis. Among the eleven STPKs, pknE alone was 

found to inhibit apoptosis. Previously we have shown that PknE plays a role in the adaptation 

responses encountered within the phagosome. In the current study we have examined the 

proteomic differences between H37Rv and its isogenic pknE deletion mutant. This was 

executed to identify the role of pknE in regulating the physiology of M. tuberculosis.

Aim: (i) to examine the proteomic differences between H37Rv and its isogenic pknE               

deletion mutant during growth in middlebrook 7H9

Methods: The strains M. tuberculosis H Rv (Rv), M. tuberculosis H RvrpknE (rpknE), 37 37

were grown in middlebrook 7H9 containing albumin dextrose catalase enrichments for 

growth curve analysis. Late log phase cultures of Rv and rpknE were adjusted using Mc 

Farland standards to equal density and whole cell lysates were prepared by sonication. 

Whole cell lysates were subjected to 2D-gel electrophoresis and the differential protein spots 

were identified using mass spectrometry (Bruker Daltonik).

Results: Comparison of the proteome profiles of rpknE (deletion mutant of pknE) versus 
TMH Rv (Rv, wild-type) using PDquest  software showed 945 spots to be differentially 37

TM expressed. PDquest analysis short-listed 75 differentially expressed spots showing three 

fold cut-offs. Among them, 29 spots were subjected to mass spectroscopic analysis after 

confirmation with visual examination (Figs. 2.20A and B). These 29 spots after mass 

spectrometric identification were categorized into seven functional categories based on the 

information from the database tuberculist (Table 2.8). 

In comparison to the proteome profile of Rv, DevR a two- component system involved in 

various stress responses was unique in rpknE. The proteins from the functional categories 

conserved hypotheticals, lipid metabolism and FtsZ, a protein involved in cell division were 

abundant in the proteome profile of rpknE in comparison with Rv. Proteins from 

intermediary metabolism were present in decreased levels. Two proteins pstS1 a 

phosphate- binding lipoprotein and glyceraldehyde -3- phosphate dehydrogenase, an 

enzyme involved in glycolysis were absent in the proteome profiles of  rpknE compared 

with the proteome profile of Rv.  

Conclusion: PknE has a role in regulating the metabolism of M. tuberculosis that could 

enable the survival in hostile environments. 
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Fig.2.20A: 2D gel showing proteome profile of Rv

Whole cell extracts prepared from cultures grown in Middlebrook 7H9 were subjected to 2D 

gel electrophoresis and coomassie brilliant blue R250 stained. The red circles depict spots 

that were analyzed by mass spectrometry. Approximate pH values are labeled above the gel. 

This is a representative picture from a quadriplicate gel. 

Fig. 2.20B: 2D gel showing proteome profile of rpknE

Whole cell extracts prepared from cultures grown in Middlebrook 7H9 were subjected to 2D 

gel electrophoresis and coomassie brilliant blue R250 stained. The red circles depict spots 

that were analyzed by mass spectrometry. Approximate pH values are labeled above the gel. 

This is a representative picture from a quadriplicate gel. 
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Table 2.8: Details of protein spots from the 2D gels of Rv and ?pknE during growth in middlebrook 

7H9 subjected to mass spectrometry

(Contact person: Dr. Sujatha Narayanan , email: sujathan@nirt.res.in)
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(viii) Identifying the substrates for signal recognition particle pathway proteins

Background: The bacterial signal recognition partricle (SRP) system plays an important 

role in the biosynthetic pathway of many inner membrane proteins. In bacteria, most of the 

proteins are exported to cytoplasmic membrane via two pathways, general secretory 

pathway or SRP pathway. The general secretory pathway is post translational targeting 

machinery used by a variety of exported proteins, whereas the SRP functions co-

translationally to target subsets of proteins whose final destination is the cytoplasmic 

membrane. M. tuberculosis SRP pathway consists of two proteins FfH, FtsY and an RNA 

subunit 4.5s RNA. The present study focuses on identification of the substrates for SRP 

proteins, FfH and FtsY of M. tuberculosis.

Aim: (I) to identify the protein interacting partners for SRP such as FfH and FtsY                         

of M. tuberculosis

Results: Protein expression: FfH of M. tuberculosis was previously cloned in pBAD vector 

and transformed in E. coli BL21 cells. The construct was revived and over-expressed in LB broth 

with 1µl/ml Carbenicillin (50mg/ml) and 20% of L-Arabinose (1µl/ml) was added as an inducer.

FtsY of M. tuberculosis was previously cloned in pRSETb vector and transformed in E. coli 

BL21 cells. The construct was revived and over-expressed in LB broth with 1µl/ml 

Carbenicillin (50mg/ml) and 100mm IPTG (1µl/ml) was added as an inducer.

Protein Purification: The over-expressed FfH and FtsY were purified using nickel affinity 

chromatography and His-tag recombinant proteins were eluted using 200mM Imidazole. 

The resolution was obtained in SDS-PAGE and confirmed with western blotting. FfH protein 

was pufiried at 54kDa and FtsY protein was purified at 80kDa and correlates with its 

molecular weight.  

Protein-protein interaction: To investigate the protein-protein interaction, the M. 
otuberculosis H37Rv was grown using 7H9 medium at 37 C.  The cells were sonicated to 

extract the cytoplasmic and crude membrane proteins.  These cytoplasmic and crude 

membrane proteins were used as prey proteins and the recombinant FfH and FtsY were 

used as bait proteins. Far western blotting (FWB) was derived from the standard western 

blot method to detect proteinprotein interactions in vitro. In FWB, the prey proteins are firstly 

separated by SDS-PAGE and transferred to PVDF membrane. The proteins in the 

membrane are then denatured and renatured. The membrane is then blocked and probed 

with purified bait protein(s). Finally, the membrane is probed with Anti-His antibody and 

detected using chemiluminescense. 

MALDI-TOF MS analysis: Matrix-assisted laser desorption/ionization-time of flight 

(MALDI-TOF) peptide mass fingerprint spectrometry analysis was performed to identify the 

interacting proteins. The interacting proteins were trypsin digested and spotted onto a 

sample plate for MALDI-TOF MS analysis. The proteins were identified through a search of 

the NCBI non-redundant database using Mascot (Matrix Science) software.

FfH & FtsY Protein interactions: In order to identify the FfH and FtsY interacting proteins 

using FWB, the prey proteins were separated using SDS-PAGE and Tricine-PAGE (for 

identifying low and high molecular weight proteins). FfH and FtsY interacting proteins were 

then identified by incubating with recombinant His tagged FfH and FtsY respectively. Results 

from FWB shows that FfH is interacting with 7 different proteins and FtsY is interacting with 6 

different proteins of M. tuberculosis. The interacting proteins are subjected to MALDI-TOF 

MS analysis for protein identification. 
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FfH interacting proteins are identified as PkS, pyruate carboxylase PcA, fatty acid AMP-

synthase FAD-26, 30s ribosomal protein S2 RpsB, superoxide dismutase SodA, heat shock 

protein HspX and a conserved hypothetical protein Rv2159c (Figs. 2.21A & B). Surprisingly, 

FtsY interacts with all the FfH interacting proteins except the heat shock protein HspX (Figs. 

2.22 A & B).

Figs. 2.21 A & B: Substrates for FfH protein
Lane 2 H37Rv Crude lysate, Lane 3 H37Rv Crude membrane fraction                 

Figs. 2.22 A & B: Substrates for FtsY protein
Lane 2 H37Rv Crude lysate, Lane 3 H37Rv Crude membrane fraction

(Contact person: Dr. Sujatha Narayanan , email: sujathan@nirt.res.in)

(ix) Whole-Genome sequences of four clinical isolates of M. tuberculosis from Tamil Nadu, 

south India 

Background: Prevalence of ancestral strains of M. tuberculosis in India has been    

reported using various genotyping methods. The current genotyping methods have          

low discriminatory power and the whole-genome sequencing of clinical isolates of              

M. tuberculosis has now become preferred approach for genotyping the clinical isolates.

Aim : (I) to perform whole-genome sequencing of four clinical isolates of M. tuberculosis            

from Tamil Nadu, south India

Method: The paired end sequencing was performed on Illumina HighSeq platform.High 

quality reads were mapped to the genome of reference strain M. tuberculosis H37Rv 

(NC_000962.2) using CLC bio Genomic Workbench.  

Results: The NIRT202 genome was generated by aligning 1.34 million paired reads to the 

reference genome with mapping coverage between 15-53X. The annotation of the genome 

revealed 3304 genes/CDS and 156 synonymous and 204 non-synonymous SNPs. 

Mapping of 06.07 million paired reads to reference genome resulted in to genomic assembly 

of NIRT203 strain. The mapping coverage ranged from 15-130X. Annotation of the reference 

assembled genome revealed 3,795 gene/CDS and presence of 615 synonymous and 829 

non-synonymous SNPs (Table 2.9).
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Table 2.9: Genomic features of four clinical isolates of M. tuberculosis from     

Tamil Nadu, India

Mapping of 3.13 million paired reads to reference genome resulted in reference assembly   

of NIRT204 strain. Mapping coverage ranged between 15-74X. Annotation of the    

reference assembly revealed 3556 gene/CDS and presence of 330 synonymous and       

296 non-synonymous SNPs.  

Reference assembly for NIRT206 was generated by mapping 1.34 million paired reads with 

coverage ranging from 16 to 36X. Annotation of the reference assembly revealed 3414 

CDS/genes and presence of 615 synonymous and 829 non-synonymous SNPs.

Conclusion: The whole-genome sequencing of four clinical isolates of M. tuberculosis, 

NIRT202, NIRT203, NIRT204, and NIRT206 from Tamil Nadu state of south India are 

reported here.  
(Contact person: Dr. Sujatha Narayanan , email: sujathan@nirt.res.in)

(x) Bioprospecting of selected lichen and plant species for product development 

against cancer and TB 

Background: Poor compliance of the patient to the treatment and the HIV- TB co-infection 

led to the emergence of MDR and XDR-TB making M. tuberculosis (Mtb) a significant cause 

for mortality worldwide. The need of the hour is newer anti-mycobacterial drugs. The aim of 

study is to test the anti-mycobacterial activity of compounds extracted from Lichen and plant 

products

Aims: (I) to test the anti mycobacterial activity of compounds extracted from lichens and          

other plant species by agar dilution method

(ii) to test the antibacterial activity of the compound  against the intracellular bacilli              

using THP1 derived macrophage model of infection

Methods: 

Evaluation of antimycobacterial activity

Minimum inhibitory concentration by agar dilution method is used for testing the 

antimycobacterial activity of these compounds at various dilutions. The agar dilution method 

uses a standardized inoculum grown on media containing only graded concentrations of the 

compounds to be tested for antimicrobial activity. Middlebrook 7H10 plates supplemented 

with the specified concentrations of the test compound (ranging from 0.1mg/ml-0.3mg/ml) 

were used.7H10 plates were inoculated with standard inoculums of M. tuberculosis strains 

and observed for mycobacterial growth till 8 weeks.The minimal inhibitory concentration 

(MIC) of the compound  has been determined .

Total reads 1,342,728 6,071,857 3,139,081 1,342,045

Coverages 15-53 15-130 15-741 16-36

Genes / CDS 3,304 3,795 3556 3414

Strcutural variations

Deletion 10 07 10 12

Insertion 07 1,248 38 09

Complex 05 18 37 08

Synonym. 156 615 330 615

Non-synonm. 204 829 296 829
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Evaluation of Intracellular survival

THP-1 cells cultured in RPMI media was supplemented with 10% Fetal bovine serum. Cells 

were then pelleted by centrifugation at 2000rpm for 10 minutes, washed and re-suspended 

in RPMI. The number of viable THP-1 cells per ml of media was then determined using 

Trypan blue staining before infection. Cells were then seeded in 24 well plates at a 
6 concentration of 10 cells per well  and induced to differentiate into macrophage by 

incubating the cells in the presence of 50 mM phorbol 12-myristate 13-acetate (PMA) 

overnight. Non-adherent cells were then washed with RPMI and left for resting for 2-3 days in 

complete RPMI media containing antibiotics. Cells were then washed twice with RPMI , 

supplemented with complete RPMI media containing amphotericine alone and infected with 

H Rv at an multiplicity of infection (MOI) 1:10. Four hours after infection wells were then 37

washed with Hanke's balanced salt solution to remove the extracellular bacilli and 

supplemented with fresh media. Mtb infected cells were incubated with three different 

concentrations of the Furan TE1 compound (0.1mg/ml, 0.2mg/ml and 0.3mg/ml) in 

triplicates. Infected cells were again supplemented with second dose of the lichen extract on 

day 4. Cells were then lysed using icecold 1% trypsin in RPMI on day 2, 3, 4, 5, 6 to recover 

intracellular bacilli and serial dilutions made using RPMI, plated on 7H10 plates 

supplemented with ADS. Plates were then incubated for 4-6 weeks and the cfu were counted 

to determine the antibacterial activity of the furan compound.

Results: Five compounds extracted from lichen and plant species were tested for their anti-

mycobacterial activity against the laboratory strain, M. tuberculosis H Rv and several other 37

clinical strains by agar dilution method. TE1, a compound extracted and purified from lichen 

exhibited anti-mycobacterial activity against H Rv and MIC was determined to be 0.15 37

mg/ml. The anti-mycobacterial activity of the compound was then tested using clinical strains 

of M.tb H Rv isolated from TB patients.  Six clinical strains including three clinical strains 37

exhibiting resistance to RPM and INH (MDR) were used.  The compound TE1 exhibited 

growth inhibition of all the six strains examined and MIC of the compound was determined to 

be 0.15mg/ml.  All experiments were carried out in triplicates (Figs. 2.23 & 2.24).

Compound TE1 was assayed for its toxicity to THP1 cell line by trypan blue staining and the 

toxicity was minimal. Anti-mycobacterial activity of the compound TE1 against the 

intracellular bacilli was then studied by macrophage infection. Anti-mycobacterial activity 

assessed by reduction in CFU of the bacilli in drug treated macrophages compared to that of 

the untreated macrophages.  CFUs counted from Day 2 to Day 6 post infection and 

treatment exhibited a reduction in CFU of strain tested upto 2 log CFU at drug 10

concentrations ranging from 0.1mg/ml-0.3mg/ml (Fig. 2.25).

Fig. 2.23: Growth inhibition of H Rv by the compound TE 1 37
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Fig. 2.24: Growth inhibition in MDR strain of M. tuberculosis by the compound TE1

Fig 2.25: Antimycobacterial activity of TE1 on intracellular M. tuberculosis
(Contact person: Dr. Sujatha Narayanan , email: sujathan@nirt.res.in)

Clinical strains of M. tuberculosis from south India display a wide range of virulence

Background: Virtually all new TB vaccine candidates are tested in animals using the 

laboratory strains H37Rv or Erdman. However, naturally occurring M. tuberculosis infections 

are caused by strains that are widely different in phenotype and genotype. Very little is known 

about the characteristics of these clinical isolates in terms of basic biology, virulence and in 

vivo pathogenicity. In this study, we have used a standardized aerosol infection of guinea 

pigs to compare in vivo differences between high and low prevalent clinical strains of M. 

tuberculosis in south India.

Method: Bacterial strains: H37Rv and clinical strains of M.tuberculosis CS1  CS3 were 

grown in either Middlebrook 7H9 medium or on Middlebrook 7H10 agar (Difco Laboratories, 

USA), supplemented with 10% ADC, 0.5% glycerol and 0.05% Tween 80. Cells harvested at 

mid log phase were washed in PBS, resuspended in PBS containing 15% glycerol and 
ºstored frozen at - 80 C till the infection.

Pathogen free 200300 g Dunkin Hartley guinea pigs were housed in stainless steel cages 

and were provided with ad libitum food and water in a BSLIII facility (National JALMA Institute 

of Leprosy and Other Mycobacterial Diseases, Agra). All the experimental protocols were 

reviewed and approved by the animal ethics committee of the institute. Guinea pigs (n = 6) 

infected with 20 bacilli of virulent M. tb H37Rv and clinical strains via the respiratory route in 

an aerosol chamber (Inhalation Exposure System, Glasscol Inc., IN, USA). 6 weeks after 

infection animals were euthanized by i.p. injection of Thiopentone sodium (100 mg/kg body 

weight) (Neon Laboratories Ltd., India). After aseptically dissecting the animals, lung, liver 

and spleen were examined for gross pathological changes and scored using the Mitchison 

scoring system. Specific portions of lungs and spleen were then weighed and homogenized 

separately in 5 ml saline in a Teflon glass homogenizer. Appropriate dilutions of the 
ºhomogenates were inoculated on to MB7H11 agar plates in duplicates and incubated at 37 C 

in a CO2 incubator for four weeks. The number of colonies were counted and expressed as 

log10 CFU/g of tissue. 
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Results and Discussion: 

Based on lesion scores clinical strains could be categorized as follows: 

Virulence based on in vitro growth after aerosol challenge in guinea pigs have shown that all 

the clinical strains from south India are less virulent compared to H37Rv standard. The most 

prevalent strain in south India, EAI shows a variable virulence in guinea pigs. The strain CS1 

which is EAI3 show a lower virulence compared to other strains infected. Where as CS2 

which is EAI5 shows higher virulence among the strains tested. This shows a variable 

virulence even in a single genogroup.

The most transmissible and virulent genotype Beijing is less prevalent in south India and they 

are less virulent compared to H37Rv and CS2 clinical strain. Lesion score for CS2 strain is 

more for spleen compared to H37Rv but the CFU is less than H37Rv this might be due to the 

fact that the infection is getting cornered due to granuloma formation (Figs. 2.26-2.29).

Conclusion: The clinical isolates from south India produced an unexpectedly wide range in 

severity of pulmonary and extrapulmonary lesions compared to laboratory H37Rv strain.

(Contact person: Dr. Sujatha Narayanan , email: sujathan@nirt.res.in)

Lung Spleen

Naive No tubercles No tubercles

H37Rv Heavy involvement with numerous large Scanty involvement with few large tubercles or 
tubercles measuring 3–5mm in diameter numerous small but easily visible tubercles

Clinical Minimal involvement with small Minimal involvement with one or two large     
strain scanty tubercles tubercles or moderate number of just visible 
(CS1) tubercles 

Clinical Moderate involvement with occasional Moderate involvement with numerous small 
strain large tubercles (3–5 mm) or more tubercles or markedly enlarged spleen plus 
CS2 numerous small tubercles (1–2 mm) numerous small tubercles

Clinical Scanty involvement up to four large  Minimal involvement with one or two large 
strain tubercles or number of small tubercles tubercles or moderate number of just visible 
CS3 tubercles

Fig. 2.26: Lesion score in lungs Fig. 2.27: Lesion score in spleen 

Fig. 2.28 : Log  CFUs of the M. tuberculosis  10

strains In lung
Fig. 2.29: Log  Colony forming units of 10

M. tuberculosis strains in spleen
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(x)  Role of Chemokine, DC-SIGN and TLR gene variants on immunity to TB 

Background: Invasion of the host by microbial pathogens causes activation of the innate 

immune response (first line defense) and triggers the secretion of various chemokines and 

cytokines and initiation of adaptive immunity. Chemokine, DC-SIGN and TLR gene 

polymorphisms have been studied and shown to be associated with susceptibility or 

resistance to various infectious diseases. 

Aims: (i) to find out whether Chemokine, DC-SIGN and TLR gene polymorphisms are          

associated with susceptibility or resistance to TB  

(ii) to understand the role played by these gene variants on the innate and adaptive         

immunity to TB

Under this main study, the following studies are being carried out:

I.  Regulatory role of chemokine gene polymorphisms on chemokine expression in PTB

Background: Polymorphisms in the chemokine genes have been shown to regulate the 

production of chemokines. In the present study, the regulatory role of various chemokine 

gene polymorphic variants on chemokine expression was studied in newly recruited PTB 

and healthy volunteers.  

Aim: (i) to understand the regulatory role of various chemokine gene polymorphisms on          

chemokine expression

Methods: The study was carried out with newly recruited PTB patients (n=60) and healthy 

volunteers (n=60). The chemokine levels of MCP-1, MIP-1a , MIP-1ß , RANTES, IP-10 and 

SDF-1 were estimated in the 72 hrs culture supernatants of peripheral blood mononuclear 

cells stimulated with M.tuberculosis antigen and the cells were used for determination of 

intracellular chemokine positive cells. Chemokine gene polymorphisms were determined 

using the DNA extracted from the white cells of the patients and healthy controls. Chemokine 

gene polymorphisms will be correlated with the level of chemokines as well as intracellular 

chemokine positive cells. 

Results: Results are being analysed.
(Contact person: Dr. P. Selvaraj, email: selvarajp@nirt.res.in)

II. Effect of vitamin D  on CD14, CD206, CD209, Beclin and ATG-5 expression in 3

macrophages infected with live M. tuberculosis

Background: Immune responses after mycobacterial infection are initiated by recognition 

of mycobacterial components through various host receptors. Phagocytosis and 

subsequent induction of autophagy plays key roles to eliminate the intracellular pathogen. 

Vitamin D  is known to have various immunomodulatory roles on innate immunity; it 3

enhances macrophage phagocytosis by up-regulating the expression of pattern recognition 

receptors and induces the expression of antimicrobial peptides. 

Aim: (i) to understand the effect of vitamin D on the expression of CD14, CD206,                         3 

CD209,Beclin and ATG-5 in monocyte/ macrophages in PTB

Methods: The study was carried out in 20 PTB patients and 20 HC subject. Peripheral blood 

mononuclear cells were cultured for 72hrs with live M. tuberculosis and its CFA in the 

presence and absence of vitamin D . The non-adherent cells were aspirated gently and the 3

adherent 72hrs old monocytes/ macrophages were used for RNA extraction and cDNA 
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synthesis. The relative quantification of target genes such as CD14, CD206, Beclin, ATG-5 

and the housekeeping gene, GAPDH was done using real-time PCR with TaqMan assay 

primers and probes.

Results: The results are being analysed.
(Contact person: Dr. P. Selvaraj, email: selvarajp@nirt.res.in)

III. Regulatory role of vitamin D receptor gene variants on vitamin D  modulated 3

intracellular chemokines in PTB

Background: Our earlier studies revealed the regulatory role of VDR gene variants on 

various immune functions in PTB. We have reported that vitamin D  significantly alter the 3

various extracellular chemokine levels in the cell culture supernatants of mononuclear cells 

stimulated with M. tuberculosis antigens. In the present study, the regulatory role of VDR gene 

variants on vitamin D  modulated intracellular chemokine expression is studied in PTB. 3

Aim: (i) to find out the regulatory role of VDR gene promoter region polymorphism (Cdx-2)             

and 3' untranslated region polymorphisms (TaqI and BsmI) on vitamin D3                           

modulated intracellular chemokine expression in PTB 

Methods: The VDR polymorphisms were determined in 50 HCs and 50 PTB patients. Cdx-2 

polymorphism was studied by PCR with allele-specific primers. TaqI and BsmI 

polymorphisms were studied by PCR based RFLP method. Whole blood cells were cultured 

for 72hrs with live M. tuberculosis and its antigen with or without vitamin D at a 3 

-7concentration1X10 M. After 72hrs, the cells were processed for immunostaining using 

specific monoclonal antibodies against CD3, CD4 and CD8 surface markers and intracellular 

chemokines which include MCP-1, MIP-1á, MIP-1â, RANTES and IP-10 and analysed in 

flow cytometry.

Results: The results are being analysed.        

(Contact person: Dr. P. Selvaraj, email: selvarajp@nirt.res.in)

(xi) Neutrophil mediated innate immune responses in TB: In vitro studies to                

understand the interaction of mycobacterial vaccine strains with neutrophils.

Background: There is an increasing support to the hypothesis that neutrophils are the 

primary cells involved in early inflammatory host response during mycobacterial infections. In 

our previous study, we have shown modulation of immune responses in normal and TB 

neutrophils by clinical strains of MTB (S7 and S10). However, very little is known about the 

potential of various vaccine strains to stimulate neutrophils.  As neutrophils are the first cells 

to get exposed to any antigen and generate early immune response, their interaction with 

vaccine strains will help us to understand the exact nature of protective immune response.

Aim: (i) to compare the differential capacity of vaccine, M. bovis Bacillus Calmette Guerin 

(BCG) and M. indicus pranii (Mw) and laboratory strain H37Rv to activate and enhance 

neutrophil functions. The expression of phenotypic markers like Fc?? receptor, TLR, 

chemokine receptor and pro-inflammatory cytokines were studied in infected neutrophils

Methods: Purified neutrophils were infected with mycobacterial vaccine strains at MOI of 3 

and the initial activation was studied at early time point of 4 hrs. Uninfected neutrophils served 

as negative control and PMA stimulated cells were used as positive control. Cell phenotyping 

was done by flowcytometry. The inflammatory cytokines like TNF-a and IFN-b were 

measured in infected neutrophil culture supernatants (Nu sups) using commercial ELISA kits. 
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To understand the paracrine role of neutrophils, the Nu sups were used to stimulate 

monocytes and T helper cells.

Results: Increased expression of CD32, CD64, TLR4 and CXCR3 was observed in H37Rv 

infected neutrophils (Fig. 2.30).  Among the vaccine strains, BCG increased the expression of 

only CD32 on neutrophils while Mw was comparatively ineffective. An increased TNF-m was 

observed only in H37Rv infected neutrophils while vaccine strains didn't have profound effect 

on the release of TNF-a (Fig. 2.31). None of the strains was able to modulate the secretion of 

the major pro-inflammatory cytokine IFN-g by neutrophils. The secretory molecules from all 

infected neutrophils (Nu sups) increased the expression of CCR5 on monocytes whereas 

only H37Rv infected supernatant increased the expression of CCR7 on monocytes and CD69 

on T-cells (Fig. 2.32).

Conclusion: Thus, H37Rv was more effective in activating neutrophils and in turn stimulating 

monocytes and T-cells. In comparison, vaccine strains were less effective in modulating 

neutrophil functions. 
(Contact person: Dr.D. Sulochana, email: dsulochana@nirt.res.in)

Fig. 2.30: Expression of cell surface signaling receptors

Fig. 2.31: Secretion of pro-inflammatory cytokines
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+ Fig. 2.32: Effect of neutrophil secretory products on monocytes & CD4 Th cells

(xii) In vitro modulation of signaling receptors on neutrophils infected with                  

M. tuberculosis strains

Background: Neutrophils are the primary cells that contribute to initial defense against 

mycobacteria and directly influence macrophages and T-lymphocytes. Thus the immune 

response created by neutrophils is of primary importance in initiating downstream immune 

signaling to overcome the mycobacterial infection.

Aim: (i) to understand the differential capacity of M. tuberculosis strains to activate and             

modulate cell surface mediated neutrophil signaling and functions 

Methods: Dextran purified neutrophils from 20 healthy volunteers were stimulated with PMA 

and infected with clinical strains (S7 & S10) and laboratory strain H37Rv and cultured for 4 

and 20 hrs. The cultured cells were analyzed for activation markers (CD11B and CD66B) and 

signaling markers like TLRs (TLR-1,-2,-4), chemokine receptors (CCR-1, CXCR-1,-2) and 

FC? receptors (CD16, CD32, CD64) by flow cytometry. The results are shown as mean of 

percentage positive cells expressing each marker.

Results: Neutrophils infected with H37Rv showed significant increase (p<0.05 to 0.0001) in 

expression of all activation and signaling markers (except CD16) at both the time points (Figs. 

2.33-2.35). At early time point, S10 infected neutrophils showed significant increase (p<0.05 

to 0.001) in expression of most of these markers except CD16, CXCR1, TLR1 and -4, while 

S7 showed significant increase only in CD32 (p=0.01), CD64 (p=0.0009) and CD66B 

(p=0.01). At late time point, clinical strains could not alter the expression levels of these 

markers on neutrophils.

Conclusion: The increased expression of various signaling receptors along with the 

activation markers on H37Rv infected neutrophils indicated its strong capacity to activate and 

initialize the immune response. Compared to H37Rv, clinical strains modulated neutrophil 

functions marginally. 
(Contact person: Dr.D. Sulochana, email: dsulochana@nirt.res.in)

63 



Fig. 2.33: Expression of activation markers

Fig. 2.35: Expression of chemokine receptors

Fig. 2.34: Expression of Fcg?  receptors
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6
INTERNATIONAL CENTRE 

OF 
EXCELLENCE IN RESEARCH

Studies 

(i) Host immune responses in lymphatic filariasis

(ii) Altered spontaneous and antigen - specific frequencies of Th1, Th2,               

Th17 and T-cells expressing IL-10 family cytokines in filarial                                

lymphedema

Background: Lymphatic filariasis can be associated with development of serious 

pathology in the form of lymphedema, hydrocele, and elephantiasis in a subset of infected 

patients. Dysregulated host inflammatory responses leading to systemic immune 

activation are thought to play a central role in filarial disease pathogenesis. Lymphatic 

filarial disease is known to be associated with elevated Th1 and normal or diminished Th2 

responses to parasite-specific antigens. The role of Th17 cells and T-cells expressing the 

IL-10 family of cytokines, however, has not been well-defined nor has the contribution of 
+CD8  T-cells to this cytokine response.

+ +Aim: (i) to study the role of CD4 and CD8  Th1, Th2 and Th17 cell subsets as well as          

   T-cells expressing IL-10 family of cytokines in the development of lymphatic         

pathology

Methods : We examined the frequency of these cells in individuals with filarial 

lymphedema (chronic pathology) directly ex vivo and in response to parasite or non-

parasite antigens by intracellular cytokine multi-parameter flow cytometry; these 

frequencies were compared to those in clinically asymptomatic filarial-infected    

individuals (INF). 

+Results : CP individuals exhibited a significant increase in the frequency of CD4  T-cells 

expressing IL-2, TNF-?, IFN?, IL-17 and IL-22 at baseline and in response to filarial 

antigens compared to INF individuals (Fig. 6.1). In contrast, these same individuals 
+exhibited a significant decrease in the frequency of CD4  T-cells expressing IL-4, IL-5, IL-9, 

IL-13 and IL-21. In addition, CP individuals displayed a significant decrease in the 
+frequency of CD4  T-cells expressing IL-10, IL-19 and IL-24 but not IL-26. These differential 

+frequencies between the 2 patient groups were also observed in CD8  T-cells, albeit to a 

much less extent.

+ +Conclusion: Our findings suggest that alterations in the frequencies of CD4  and CD8  

Th1, Th2, Th17 cells and T-cells expressing IL-10 family of cytokines are a characteristic 

feature underlying the pathogenesis of filarial lymphedema.

Completed :
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Fig. 6.1: Production of cytokines in filarial pathology

A representative flow plot depicting the antigen and mitogen induced production of Th1   

(IL-2, TNF-a and IFN-a), Th2 (IL-4, IL-5 and IL-13) and Th17 (IL-17, IL-21 and IL-22) 

cytokines in a CP individual.
(Contact person: Dr. S. Subash Babu, email: 

(ii) Parasite antigen-specific, IL-4-, TGFa- and IL-1- dependent expansion of Th9 

cells is associated with clinical pathology in human lymphatic filariasis
+Background: Th9 cells are a subset of CD4  T-cells, shown to be important in allergy, 

autoimmunity and anti-tumor responses. However, their role in human infectious diseases 

has not been explored in detail.

Aim: (i) to elucidate the role of Th9 cells in filarial pathology

Methods: We studied the expression patterns of Th2 and Th9 cells in normal individuals, 

individuals with pathology and asymptomatic, filarial-infected individuals by multi-

parameter flow cytometry and ELISA. We also did in vitro assays to determine the 

mechanism of regulation of these cell populations.

Results: We identified a population of IL-9 and IL-10 co-expressing cells (lacking IL-4 

expression) in normal individuals that respond to antigenic and mitogenic stimulation but 
+are distinct from IL-9  Th2 cells (Fig. 6.2). We also demonstrate that these Th9 cells exhibit 

antigen specific expansion in a chronic helminth infection (lymphatic filariasis). 

Comparison of Th9 responses reveals that individuals with pathology associated with 

filarial infection exhibit significantly expanded frequencies of filarial antigen induced Th9 cells 
+but not of IL9 Th2 cells in comparison to filarial-infected individuals without associated 

disease (Fig. 6.2). Moreover, the per cell production of IL-9 is significantly higher in Th9 
+ +cells compared to IL9 Th2 cells, indicating that the Th9 cells are the predominant CD4  T-

sbabu@nirt.res.in) 
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cell subset producing IL-9 in the context of human infection. This expansion was reflected 

in elevated antigen stimulated IL-9 cytokine levels in whole blood culture supernatants. 

Finally, the frequencies of Th9 cells correlated positively with the severity of lymphedema 

(and presumed inflammation) in filarial diseased individuals. This expansion of Th9 cells 

was dependent on IL-4, TGF? and IL-1 in vitro.

+Conclusion: We have therefore identified an important human CD4  T-cell subpopulation 

co  expressing IL-9 and IL-10 but not IL-4, whose expansion is associated with disease in 

chronic lymphatic filariasis and could potentially play an important role in the pathogenesis 

of other inflammatory disorders.

Fig. 6.2: Identification of classical Th9 cells and their expansion in normal 

individuals

(A) A representative flow plot depicting the gating strategy and baseline as well as PPD and PMA/ ionomycin 
+stimulated population of CD4  T-cells expressing IL-9, IL-4 and IL-10 in a normal individual

+(B) Baseline, PPD and PMA/ ionomycin induced frequencies of CD4  T-cells expressing IL-9 and IL-10 but not 

IL-4 (classical Th9 cells) in normal individuals (n=15)
+(C) Baseline, PPD and PMA/ ionomycin induced frequencies of CD4  T-cells expressing IL-9 and IL-4 (Th2 

+cells) in normal individuals (n=15). The data are represented as frequencies of CD4  T-cells and each line 

represents a single individual 

(Contact person: Dr.S. Subash Babu, E.mail: 

- +(iii) Parasite-antigen driven expansion of IL-5  and IL-5  Th2 human subpopulations 

in lymphatic filariasis and their differential dependence on IL-10 and TGF? for 

expansion

Background: Two different Th2 subsets have been defined recently on the basis of IL-5 expression  
+ -an IL-5 , Th2 subset and an IL-5 , Th2 subset in the setting of allergy. However, the role of 

+these newly described CD4  T-cells subpopulations has not been explored in other contexts.

sbabu@nirt.res.in) 
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Aim and Methods : 

(I) to study the role of the Th2 subpopulation in a chronic, tissue invasive parasitic           
+ + + +infection (lymphatic filariasis), we examined the frequency of IL-5 IL-4 IL-13  CD4  T          

- + +cells and IL-5 IL-4 IL13  CD4  T-cells in asymptomatic, infected individuals (INF) and                 

compared them to frequencies (F ) in filarial-uninfected (UN) individuals and to              o

those with filarial lymphedema (CP)

Results: INF individuals exhibited a significant increase in the spontaneously expressed 

and antigen-induced F  of both Th2 subpopulations compared to the UN and CP. Interestingly, o

+there was a positive correlation between the F  of IL-5 Th2 cells and the absolute eosinophil o

and neutrophil counts; in addition there was a positive correlation between the frequency of 
+ -the CD4 IL-5  Th2 subpopulation and the levels of parasite antigen  specific IgE and IgG4 in 

INF individuals. Moreover, blockade of IL-10 and/or TGFb demonstrated that each of these 2 

regulatory cytokines exert opposite effects on the different Th2 subsets. Finally, in those INF 

individuals cured of infection by anti-filarial therapy, there was a significantly decreased F  of both o

Th2 subsets.
+ -Conclusion: Our findings suggest that both IL-5  and IL-5 Th2 cells play an important role 

in the regulation of immune responses in filarial infection and that these two Th2 

subpopulations may be regulated by different cytokine-receptor mediated processes.
(Contact person: Dr.S. Subash Babu, email: sbabu@nirt.res.in) 

II. Immunology of helminth-TB co-infections

(i) Modulation of mycobacterial-specific Th1 and Th17 cells in latent TB by               

coincidenthookworm infection

Background: Hookworm infections and TB are co-endemic in many parts of the world. It 

has been suggested that infection with helminth parasites could suppress the predominant 

Th1 (IFN--mediated) response needed to control M. tuberculosis infection and enhance 

susceptibility to infection and/or disease.

Aim and Methods: 

(i) to determine the role of coincident hookworm infection on responses at steady              

state and on Mtb  specificimmune responses in LTB, we examined the cellular              

responses in individuals with latent TB with or without concomitant hookworm                

infection by flow cytometry and ELISA 
+Results: By analyzing the expression of Th1, Th2 and Th17 subsets of CD4  T cells, we 

were able to demonstrate that the presence of coincident hookworm infection significantly 

diminished both spontaneously expressed and M. tuberculosis  specific mono  and dual  

functional Th1 and Th17 cells. Hookworm infection, in contrast, was associated with 

expanded frequencies of mono  and dual  functional Th2 cells at both steady state and 
+upon antigen  stimulation. This differential induction of CD4  T-cell subsets was abrogated 

upon mitogen stimulation. In addition, coincident hookworm infection was associated with 

increased adaptive T regulatory (aTreg) cells but not natural regulatory T- cells (nTregs) in 
+latent TB. Finally, the CD4  T-cell cytokine expression pattern was also associated with 

alterations in the systemic levels of Th1 and Th2 cytokines (Fig. 6.3).

Conclusion: Thus, coincident hookworm infection exerts a profound inhibitory effect on 

protective Th1 and Th17 responses in latent tuberculosis and may predispose toward the 

development of active TB in humans.
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Fig. 6.3: Hookworm infection is associated with alterations in the plasma levels of Th1 and Th2 

cytokines in latent TB
The plasma levels of Th1 - IFN-, IL-2, TNF- and Th2  IL-4, IL-5, IL-13 cytokines were measured by ELISA in 

latent TB infected individuals with (HW/LTB; n=21) or without (LTB; n=21) concomitant hookworm infection. 

The results are shown as scatterplots with each circle representing a single individual.

(Contact person: Dr. S. Subash Babu, email:

II. Immunology of TB and its co-morbidities

(i) Plasma heme oxygenase-1 is a surrogate marker of active disease and             

sputum positivity in human TB

Background: TB is associated with oxidative stress as well as the induction of host anti-

oxidants to counteract this response. Recently, the enzyme heme oxygenase-1 (HO-1) 

has been implicated as a critical promoter of cytoprotection in diverse disease models 

including mycobacterial infection. Nevertheless, the pattern of expression of HO-1 in 

human TB has not been previously studied.

Aim: (i) to examine the expression of HO-1 in M. tuberculosis-exposed and -infected 

individuals and test its ability to distinguish active, latent and successfully treated TB and 

healthy controls

Methods: Cross-sectional and longitudinal analyses of plasma levels of HO-1, acute 

phase proteins and pro-inflammatory cytokines were performed in samples from 

individuals with active PTB (n=97); extra-pulmonary TB (ETB) (n=35); latent TB infection 

(n=39) and healthy controls (n=40) as part of a prospective cohort study in a population 

highly endemic for TB from south India. 

Results: Systemic levels of HO-1 were dramatically increased in individuals with active 

pulmonary and extra-PTB and particularly those with bilateral lung lesions and elevated 

bacillary loads in the sputum. HO-1 levels effectively discriminated active from latent TB 

and healthy controls. Moreover, there was a marked reduction in HO-1 levels in active TB 

cases following anti-tuberculous therapy but not in those with treatment failure. In 

addition, plasma HO-1 was a significantly better discriminator of disease outcome in TB 

when compared to two other acute phase reactants, C-reactive protein and serum 

Amyloid Protein-A (Fig. 6.4). 

Conclusion: These findings establish HO-1 as a sensitive and accurate biomarker for 

active PTB.

 sbabu@nirt.res.in) 
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Fig. 6.4: HO-1 is associated with disease activity and sputum positivity in TB
(A) HO-1 levels were evaluated in plasma samples from 97 patients with active PTB, 35 patients with active 
extra pulmonary tuberculosis (EPTB), 39 individuals with latent M. tuberculosis infection (LTBI) and 40 
healthy donors (HD). The samples were collected prior to initiation of ATT. Kruskal-Wallis test and Dunn's 
multiple comparisons were used to evaluate statistical differences between the groups. 

(B) HO-1 levels were compared between 40 PTB patients with a diagnosis of unilateral lung lesions and 37 
patients with bilateral lesions identified by chest radiography. 

(C) PTB cases were classified according to the presence or absence of the acid fast staining bacilli (AFB) in 
sputum samples. In (B) and (C), the Mann Whitney test was used for statistical comparisons. 

(D) PTB cases were stratified according to the quantitative bacillary sputum grade determined by AFB 
staining. Data was analyzed using the Kruskal-Wallis test with linear trend post-test (left panel) or by 
Spearman correlation (right panel). In (A), (B), (C) and (D), bars represent median values. 

(E) Comparison of HO-1 levels pre and post ATT in a subset of patients with PTB for which plasma samples 
were available (n=33). Data from 5 patients that failed treatment are also shown. The Wilcoxon matched pairs 
test was used to evaluate the significance of the effect of ATT on HO-1 values. *P<0.05; **P<0.01; ***P<0.001.

(Contact person: Dr. S. Subash Babu, email: 

(ii) Type 2 diabetes mellitus coincident with PTB is associated with heightened 

systemic Type 1, Type 17 and other pro  inflammatory cytokines 

Background: Type 2 diabetes mellitus is a major risk factor for the development of active 

TB, although the biological basis underlying this susceptibility remains poorly characterized. 

Aim and Methods: 

(i) to identify the influence of coincident diabetes mellitus on cytokine levels in PTB,              

we examined circulating levels of a panel of cytokines and chemokines in the plasma            

of individuals with TB with diabetes and compared them with those without diabetes

Results: TB with diabetes is characterized by elevated circulating levels of Type 1 (IFN?, 

TNF-? and IL-2), Type 2 (IL-5) and Type 17 (IL-17A) cytokines but decreased circulating 
levels of IL-22. This was associated with increased systemic levels of other pro-
inflammatory cytokines (IL-1b, IL-6 and IL-18) and an anti- inflammatory cytokine (IL-10) 
but not Type 1 interferons. Moreover, TB antigen stimulated whole blood also showed 
increased levels of pro-inflammatory cytokines. Finally, Type1 and Type 17 cytokines in 
plasma exhibit a significant positive correlation with hemoglobin A1C (HbA1C) levels, 
indicating that impaired control of diabetes is associated with this pro inflammatory milieu. 
Multivariate analysis revealed that the association of pro-inflammatory cytokines with 
diabetes mellitus was not influenced by age, sex or other metabolic parameters (Fig. 6.5).

sbabu@nirt.res.in) 
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Conclusion: Therefore, our data reveal that TB with diabetes is characterized by heightened 

cytokine responsiveness, indicating that chronic inflammation underlying Type 2 diabetes 

potentially contributes to increased immune pathology and poor control in TB infection.

Fig. 6.5: Discriminatory value of cytokines in TB  infected individuals
(A) The contribution of IFNg and IL-22 to the discrimination of diabetes from no diabetes in TB  infected 
individuals (n=88) at a p value of < 0.05 is plotted using a logistic model. The red dots are those with diabetes 
and active PTB. The lines are contours from the model, representing the probability that an individual is diabetic. 

(B) Heat map of predicted values from logistic regressions with a single cytokine predicting diabetes. The first 
column is the diabetes status (dark blue=DM, white=no DM). The rows are subjects sorted first by diabetes 
status, then by predicted diabetes status by IL-22, the best predictor. We have only shown cytokines with 
unadjusted p-values less than 0.05.

(Contact person: Dr. S. Subash Babu, email: sbabu@nirt.res.in) 

Fig A

Fig B
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Studies in progress:  

(I) Characterization of immune responses in filarial-TB co-infection

We are studying the influence of filarial infetion on the immunological responses to TB 

antigens in latent TB infected individuals. This study is being conducted as a prospective 

case-control study in Kanchipuram district, Tamil Nadu. We are screening individuals by 

tuberculin skin test and Quantiferon-in-Tube Gold assay to detect latent TB and ELISA to 

detect filarial infections. We will perform whole blood cell cultures and multi-parameter flow 

cytometry to determine the immunological consequences of co-infection. We have 

performed ex vivo phenotyping on a variety of T, B, NK, DC and monocyte markers 

including regulatory T-cells, plasmacytoid and lymphoid dendritic cells, regulatory B cells 

and inflammatory monocytes on all our samples. We plan to recruit 60 patients and controls 

in this study and recruitment and follow up is ongoing. 

(Contact person: Dr. S. Subash Babu, email: sbabu@nirt.res.in) 

(ii) Characterization of immune responses in treatment induced latency in PTB 

The immune responses in latent TB are poorly understood. While it is difficult to define the 

onset of latency during natural infection, patients undergoing treatment for TB are driven 

into a state of latency or cure. The present study on the effect of 3 and 4 month regimens 

containing MFX in sputum smear and culture positive PTB offers us the opportunity to study 

definitive immune responses pre and post treatment. We are evaluating a variety of innate 

and adaptive immune responses in patients before and after treatment and our study is 

comparing the differences in immunophenotype (eg. Markers of T, B and NK cell activation, 

proliferation and regulatory phenotype) and function (eg. production of cytokines, 

proliferative responses to TB antigens) at different time points following treatment. The 

kinetics of immune responses in patients who relapse is used to assess immunological 

predictors of relapse in TB. In addition, we are also trying to determine immunological 

differences between PTB, EPTB, LTB and uninfected individuals. We have performed ex 

vivo phenotyping on a variety of T, B, NK, DC and monocyte markers including regulatory T-

cells, plasmacytoid and lymphoid dendritic cells, regulatory B cells and inflammatory 

monocytes on all our samples. We have recruited over 160 patients in this study thus far 

and recruitment and follow up is ongoing. 

(Contact person: Dr. S. Subash Babu, email: sbabu@nirt.res.in) 
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7
LIBRARY &  INFORMATION SERVICES

The aim of the centre is to provide a modern and efficient Library service for all 

members of the NIRT and neighborhood institutes with valid reasons to make better use of 

the NIRT Library. Further it dedicated to meeting the research needs of the scientists of 

NIRT.  

DIGITAL LIBRARY: 

NIRT Library has its own homepage (http://digitallibrary.trcicer. res.in/digilib) 

provides web-based access to its resources, includes e-journals, e-books, and databases 

through intranet. It points to locate the back volume collections. It provides gateway to 

ICMR consortium journals, ICMR Resource sharing portal (JCCC@ICMR), open access 

resources, specialized databases, and international TB links. It enhances the customized 

integrated (24 hrs) access facility to the users.  

STRATEGIC PLAN: 

The NIRT has crossed thousands of publications as its assets. To keep all those 

archival collections and expanding access to technology for effective search and retrieval, 

it is planned to setting up an Institutional Repository at NIRT Library. A high end server has 

been procured for the purpose.  

INFORMATION ALERT SERVICE: 

The Library continues to alert the users about the latest information on TB with 

press clippings, latest online Journal (issue) published, newly added journals on Open 

Access Platform, forthcoming conference, seminars, symposium, workshops etc.

TRIAL ACCESS: 

Trial access has been made for “Henry Steward Talk” on 'The Biomedical and Life 

Science Collection' for the Scientists of NIRT.

PUBLICATIONS:

 A monthly publication “TB Alert” is being published among ICMR institutes.  In 

order to expand the service, it has been started publishing to all the district TB officers.  

(Contact person: Mr.R. Rathinasabapati, email: rrathinasabapati@nirt.res.in)
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8
ELECTRONIC DATA PROCESSING

The mission of the Electronic Data Processing division is to provide the data 

entry/verification support for the research in tuberculosis studies conducted in clinic, 

epidemiology, laboratory, operational research and TB control program activities, and 

supports for data management, prepares pre-printed forms and reports for field activity of 

epidemiological surveys, and generates data tabulations, data analysis and helps in 

publication of research work. Accessing scientific journals and communications through e-

mailing are the key requirements for our research organization. The existing IT equipments 

are being maintained under comprehensive annual maintenance contract. This includes 

managing the IT related facilities and ensuring that the IT equipments are maintained and 

kept up to-date. The management of functionality of LAN facility is carried out with the 

support given by NIH-ICER project. The video conferencing facilities are maintained by 

project staff attached to ICMR-HCL project and NIH-ICER project. 

Highlights of the year

tEstablished National Knowledge Network facility with high bandwidth internet               

line (primary line) provided by Ministry of Communications, Government of India

tReplaced the old router by a new CISCO high-end router with built-in firewall

tAdded 65 users with e-mail access facility during the year

tWireless (Wi-Fi) configured for 11 users' laptops 

tReplaced old 15 Laser printers by new printers 

tAdded two network laser printers and replaced two old network laser printers by 

    new printers

tData analysis completed and published a research report on 'a trend in TB                 

infection prevalence'.

The quantum of documents of epidemiological, clinical, laboratory and program 

based studies entered and verified from April, 2012 to March, 2013 is shown below.

No. of documents entered: 60752; No. of documents verified: 64282.  

A total of 48055 records were processed for the Chennai disease prevalence 

survey undertaken by epidemiology unit of NIRT. Data analysis was completed for the 

tuberculin skin test surveys conducted during 1999 to 2010 to study a trend in TB infection 

and a research report was published.

(Contact person: Mr.R. Subramani, email: subramanir@nirt.res.in)
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program.

Participation in External Quality Assurance Programs and Ongoing External:

I. “Qualitative Research Methods and Analysis and Instrument Development                
th thWorkshop”   at Bagayam, Vellore, 7  to 12  May 2012–Mr. R. Senthilkumar and                      

Mrs. V. Sujatha.

II. “5 days Intensive Workshop on Tobacco Cessation Intervention” at Cancer Institute     
th th (WIA), Adyar, 13  - 18 August, 2012 – Mr. E. Thiruvalluvan, Mr. S. Senthil. 

III. “Capacity building workshop on HIV/AIDS in the area of basic services” at Lalaram              
th thsarup institute of TB & Respiratory disease, Delhi - 24  - 28  September, 2012- Mrs.             

Chandra Suresh.

IV. “Qualitative Research Methods and Analysis and Instrument Development                

Workshop” at Bagayam, Vellore, during November 2012– Ms.A. Srividya, Ms.              

Basilea Watson and Ms. B. Priscilla Rebecca.

V. Capacity building workshop on “Operational research in Basic Services” held at LRS              

Insitutte of Chest Diseases, New Delhi during September 2012 – Ms.A. Srividya and           

Ms. Chandra.

®
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SPECIAL ASSIGNMENTS

MEMBERSHIP IN COMMITTEES

Dr. Soumya Swaminathan

l

lMember of the TB steering committee of the IMPAACT network (NIH)

lMember, Childhood TB subgroup, DOTS Expansion Working Group, Stop TB 

Partnership 

lMember, International Conference Organizing Committee, International AIDS

Society Conference, Kuala Lumpur Founder member, Sentinel Project on Pediatric           
Drug Resistance TB

lMember, Country Coordination Mechanism (CCM) for the Global Fund – to fight                  
against AIDS, Tuberculosis and Malaria Chair, Indo-Brazil working group on                       
Biotechnology

lMember, Indo-Russian working group on Medical Research, DST

lMember, Expert Group on Pediatric TB, Central TB Division

lMember, National Technical Working Group (NTWG) on HIV/TB

lMember, Board of Studies on Research, Tamil Nadu Dr. MGR Medical University

Dr. Alamelu Raja

lExpert Member of the Institutional Review Board of Sri Kanchi Kamakoti CHILDS            
Trust Hospital

lMember, Editorial Board, Indian Journal of Medical Research.

 lLife Member, Indian Immunology Society

Dr. P. Selvaraj

lAssociate editor for International Journal of Tuberculosis and Lung Diseases (IJTLD)                
by invitation.

Dr. P. Venkatesan

lAdjunct Professor - Manipal University, Manipal.

lHonorary Visiting Professor - Sri Ramachandra Medical University, Chennai.

lChairman - Institute Ethics Committee/Institute Review Board, Sri Ramachandra            
Medical University, Chennai. 

lChairman - Board of Studies: M.Sc., (Bioinformatics) and B.Tech., (Biomedical                 
informatics)- Sri Ramachandra Medical University, Chennai.

lExpert Member - Scientific Advisory Board, Sai's Biosciences Research Institute,             
Chennai

lMember- Board of Studies: M.Sc., (Statistics) and M.Sc., (Biostatistics), University of        
Madras, Chennai.

lMember- Board of Studies – M.Phil., (Statistics), B.Sc., (Biostatistics) and MPH,           
Manonmaniam Sundaranar University, Tirunelveli.

lMember – Board of Studies: M. Phil., (Statistics) and M.Sc., (Statistics),                                       
Bharathidasan University, Tiruchirappall.

lMember- Board of Studies: M.Sc., (Mathematics), M.Phil (Mathematics) and M.Tech            
(Computer Science) Periyar University, Salem.

Chair of the HIV section of the International Union Against TB and Lung Diseases
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l
Sathyabama University, Chennai.

lMember- Board of Studies: M.Sc., (Biotechnology & Bioinformatics), SRM University,            
Chennai.

lMember- Board of Studies: M.Sc., (Mathematics), Meenakshi College for Women              
(Autonomous), Chennai.

lMember- Board of Studies: M.Sc., (Bioinformatics), Stella Maris College for Women               
(Autonomous), Chennai.

lMember – Institute Ethics Committee: ESI PG Institute of Medical Education &                     
Research, Chennai.

lMember - Editorial Board: Journal of Pure and Applied Spectrophysics.

lMember - Editorial Board: Indian Journal of Science and Technology.

lGeneral Secretary - Indian Society for Medical Statistics (ISMS).

lPresident - International Biometric Society (IR).

Dr. Paul Kumaran

lMember of Central internal evaluation for RNTCP for the state of Uttar Pradesh during            
April 2012.

Dr. Luke Elizabeth Hanna

lMember of Technical Advisory Group for Tamil Nadu State AIDS Control Society.

Dr. Beena E Thomas

lMember of the Board of studies – University of Madras – Social work 

lMember of Institutional Review Board – GHTM (Govt. Hospital of Thoracic Medicine)

lMember of IRB India CLEN 

Member- Board of Studies: M.Tech., (Bioinformatics) and B.Tech. (Bioinformatics),         
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CONFERENCES / SEMINARS / WORKSHOPS 
ORGANIZED

The centre has provided opportunities to its staff members (research and technical) and 

students for their professional development through participation in workshops, 

conferences, seminars and training programmes at national and international level.  The 

summary of national and international level participation is given below:

At National level:

Conferences – 47

Workshops – 12

At International level:

Conferences – 15

Conferences/Workshops/Training Programmes Organized:

1. Workshop on "Tripe Trouble: Malnutrition, TB and HIV" (WS 89-2011, Triple Trouble)               

supported by Indo-US Science & Technology Forum (IUSSTF), New Delhi - at NIRT, during                 

August  2-4, 2012.  

2. Session on “An Update on TB diagnosis and management” and a panel discussion on             

enhancing contribution of Private Practitioners in TB control for the private practitioners in               

commemoration with the World TB day 2012 – at Chennai – during April 2012.  

3. Workshop on “Ethical principles, Good Clinical Practices in clinical research and Update           

on the Drugs and Cosmetic rules” for the Ethics Committee members of NIRT and YRG Care           

at NIRT - during March, 2013. 

4. Symposium on drug resistant TB : Challenges and way forward for World TB day jointly with               

Institute of Thoracic Medicine & Madras Medical College.

5. Dissemination Workshop on "Addressing psychosocial needs and HIV risk in Indian MSM",                

at NIRT - during April, 2012.

7. NSS Programme for School teachers and Lecturer's, professors, NSS coordinators for                

Tamilnadu and Puducherry – 21 No. of programmes during April 2012 - March 2013. 

8. International Biometric Society Indian Region – 2012 of National workshop on “Statistical                   

methods for clinical trials” during December 2012.

9. Research Methodology workshop for Human Reproduction Research centres (HRRCs)                     

Field units of ICMR at NIRT, during December 2012.
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Ph.D. Scholars

List of staff / students who have obtained their Ph.D. degree (Part time/Full time)

from the University of Madras

List of staff/students who have submitted their Synopsis / Thesis and waiting for
their Ph.D. degree from the University of Madras (Full time and Part time)

Sl.No. Name of the Title of the Part / Supervisor 
Candidate Ph.D. thesis Full time /Guide

1. Mr.R. Rathinasabapati Institutional repository of Part time Dr.A. Amudhavalli 
the NIRT

Sl.No. Name of the Title of the Part / Supervisor 
Candidate Ph.D. thesis Full time /Guide

1. Mr. M. Radhakrishnan Anti-TB drugs from Full time Dr. Vanaja Kumar 
actinomycytes

2. Ms. Neema Boruai Penicillin binding protein from Full time Dr. Sujatha  
M. tuberculosis & M.smegmatis Narayanan

3. Mr.P. Dinesh Kumar A molecular approach to the   Full time Dr. Sujatha 
role of serine/ threonine kinase  Narayanan  
PknE in signal transduction  
involved in host pathogen 
interactions

4. Ms. Suba S.  Characterization of  Full time Dr.Sujatha 
Lipoproteins of M.tb Narayanan

5. Mr. Sameer Hassan Genome analysis of  Full time Dr. Vanaja Kumar 
phages and viruses 

6. Ms.R. Lakshmi Molecular studies on Full time Dr. Vanaja Kumar 
mycobacteria

7. Ms.N. Yamuna Classification and regression Full time Dr.P. Venkatesan 
trees

8. Mr. Jagadish Chandra Immunodominant epitopes  Part-time Dr. Luke Elizabeth 
Bose against HIV subtype C Hanna

9. Mr.N. Arunkumar Causal analysis Part time Dr.P. Venkatesan
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List of students who have registered (full-time) for their Ph.D. programme with the 

University of Madras
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SCIENTIST ‘G’
1. Dr.Soumya Swaminathan, M.D., DNB

SCIENTIST ‘F’
1. Dr.Alamelu Raja, Ph.D.,
2. Dr.Vanaja Kumar, Ph.D.,
3. Dr.Sujatha Narayanan, Ph.D., CT.,

SCIENTIST ‘E’
1. Dr.K.Rajaram, M.B.B.S., DTRD
2. Dr.P.Selvaraj, Ph.D.,
3. Dr.P.Venkatesan, MPS, Ph.D., PGCDM,                    

                              DSQCOR (ISI), SDS (ISI)
4. Dr.D.Sulochana, Ph.D.,
5. Dr.C.PadmaPriyadarsini, M.B.B.S.,DNB.,

SCIENTIST ‘D’
1. Dr.P.Paul Kumaran, M.B.B.S., M.P.H.,
2. Dr.D.Baskaran, M.B.B.S., 
3. Dr.Pradeep Aravindan Menon,MBBS,DPM
4. Dr.Sudha Subramanian, Ph.D.,

SCIENTIST ‘C’
1. Dr.Geetha Ramachandran, Ph.D.,
2. Dr.C. Ponnuraja, Ph.D.,
3. Dr. Luke Elizebath Hanna, Ph.D.,
4. Dr.V.Chandrasekaran, Ph.D.,
5. Dr.A. Sheik Illiayas, M.B.B.S.,
6. Dr.S. Ramesh Kumar, M.B.B.S.,
7. Dr.G.Narendran, M.B.B.S., DTRD, DNB.,
8. Dr.C.K. Dolla, M.B.B.S., M.P.H.

SCIENTIST ‘B’
1. Dr. Beena E Thomas, Ph.D., 
2. Dr.V.V.Banurekha, M.B.B.S.,
3. Dr.P.K. Bhavani, M.B.B.S.,
4. Dr.M.Makesh Kumar, M.B.B.S.
5. Dr.P. Kannan, M.V.Sc., Ph.D.,
6. Dr.A.K. Hemanth Kumar, M.Sc., Ph.D.,
7. Dr.N.S. Gomathi, M.Sc., Ph..D
8. Mr.S. Sivakumar, M.Sc,
9. Ms.A. Srividya, M.Sc.,

Technical Officer - B
1. Dr.K.Jayasankar, Ph.D.,
2. Ms. Niruparani Charles, M.A.,
3. Mr.K. Sankaran, M.Sc.,
4. Mr.M. Ponnambalam, B.Sc.,

Dy. Nursing Superintendent
1. Ms. Jayalakshmi Vadivel, M.Sc.,

Asst. Nursing Superintendent 
1. Ms.A. Gunasundari, M.Sc.,

Technical Officer – A
1. Mr.M. Rajasakthivel, M.A.,
2. Mr.E. Thiruvalluvan, M.A.,
3. Ms. Chandra Suresh, M.A.,
4. Ms.D. Kalaiselvi, M.A.,
5. Mr. Subhas Chandra Bose, M.Sc.,

STAFF LIST
 (As on 1 April, 2013)

6. Mr.D. Suryanarayanan, M.Sc.,
7. Mr.J. Samuel Vasanthan Good Will, B.Sc., 
8. Mr.S. Manoharan, B.Sc.,
9. Mr.K.Rajagopal, B.Sc., 
10. Ms.K. Silambu Chelvi, M.Sc.,
11. Mr.R.K. Rajendran
12. Mr.L. Sekar, M.Sc.,
13. Dr.K. Chandrasekaran, Ph.D.,
14. Mr.E. Kirubakaran
15. Mr.S. Ravindra Rao
16. Mr.T. Gowri Shankar
17. Mr.R. Srinivasan, M.Sc.,
18. Ms.M. Vasantha, M.Phil.,
19. Ms. Sivagama Sundari
20. Mr.M. Subramani
21. Mr.K. Ramesh, M.Sc.,
22. Mr.M Harishankar, M.Sc.,
23. Mr.S. Anbalagan, M.Sc.,
24. Mr.M. Anandan
25. Ms. Lucia Precilla, M.Sc.,
26. Mr.S. Senthil, M.A., M.Phil.,
27. Mr.A. Manoharan (Eng. Support)

Technical Assistant
1. Mr.K. Ramakrishnan, Ph.D.,
2. Ms.D. Saraswathi, M.Sc.,
3. Ms.V. Girijalakshmi, B.Sc.,
4. Mr.C. ThiruKumar
5. Mr.M. Asokan
6. Mr.D Thangaraj
7. Ms.R Mahalakshmi, M.Sc.,
8. Mr.M Tamizhselvan, M.Sc.,
9. Ms.K. Devika, M.Sc.,
10. Dr.V.N. Azgar Dusthakeer, Ph.D.,
11. Mr.M. Baskaran, B.Sc.,
12. Mr.S. Rajakumar, M.Sc.,
13. Ms.B. Angayarkanni, M.Sc.,
14. Mr.V. Thiyagarajan, M.Sc.,
15. Ms.J. Chitra, M.Sc.,
16. Mr.D. Ravikumar, M.Sc.,
17. Mr.S. Murugesan, M.Sc.,
18. Mr.N. Rajendran
19. Mr.B. Daniel
20. Ms.K. Sumathi, B.Sc.,
21. Mr.S. Govindarajan, M.Sc.,
22. Mr.K. Krishnan
23. Mr.K. Ramakrishnan
24. Mr.M. Michel Prem Kumar, M.Sc., 

Technical Assistant (Eng Support)
1. Mr.B. Kanagasabapathy, M.A., 
2. Mr.K. Palaniyandi (Eng. Support)

Nursing Sister
1. Ms.G. Mangalambal, M.Sc.,
2. Ms. Valarmathi Nagarajan, M.Sc.,
3. Ms.C. Kavitha, B.Sc.,
4. Ms.S. Chellam
5. Ms.K. Sureswari
6. Ms. Mary Eunice George
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Staff Nurse
1. Ms. Anna Anthoney
2. Ms.A. Gomathy
3. Ms. Shyamala Gopu
4. Ms. Nagalakshmi J Reddy
5. Ms.A. Komathi, B.Sc.,
6. Ms.V. Revathy
7. Ms.R. Valarmathy
8. Ms.R. Manimegalai
9. Ms.V. Farthimunnisa
10. Ms. Shakila Shankar
11. Ms.V. Indirani
12. Ms.K. Porselvi, B.Sc.,
13. Ms.A. Selvi
14. Ms.S. Stella Mary
15. Ms.A. Stella Mary
16.Ms.R. Saraladevi

Sr. Administrative Officer
1.Mr.S. Rangarajan, M.A., B.L., 

Administrative Officer
1.Mr.M. Mani, B.A.,

Accounts Officer
1.Ms. Santhi Velu, M.A.

Sr. Library & Information Officer
1 Mr. R. Rathinasabapati, M.A., M.L.I.S.,

Section Officer
1. Ms. Santha Sriraghavan, M.A.,
2. Ms.B. Nazeema Beevi, B.Sc.,
3. Ms.M. J. Nirmala, B.A.,
4. Ms. Usha Devi Gopalan

Private Secretary
1. Ms. Jothi Segaran
2. Mr.P. Karthigayan, M.A.,

Assistant
1. Mr.C. Gopala Krishnan, B.Sc., 
2. Ms.M. Rasheetha Begum, M.A., 
3. Ms.N. Tamil Selvi, B.Sc., 
4. Ms. Chithra Sivakumar, B.Sc., 
5. Ms.M.N. Raadha,  M.C.S.,
6. Mr.A. Lakshmanan
7. Ms.A.K. Vijayal
8. Ms.L. Vijayakumari

Personal Assistant
1. Ms. Santhi Viswanthan 
2 Mr. Stanley Gnanadhass, B.Sc.,
3. Ms. A.L. Rajalakshmi, B.Sc., MLIS

Epidemiology Unit

Scientist 'E'
1. Mr. R. Subramani, M.Sc.,

Technical Officer  B 
1. Mr. N. Ravi, DEE.,
2. Mr. T. Krishnamoorthy, M.Sc., 

Technical Officer  A 
1. Mr. L. Ranganathan, M.Sc (Stats), M.Sc., 

(Maths),      M.Tech (IT)      
2.  Mr. S.Stanley Jones Rajasingh, B.Sc., 
3.  Mr. D. Sargunan, M.A.,
4.  Mr. V. Kusalakumaran, B.A.,
5.  Mr. M. Kalyanaraghavan, M.Sc.,
6.  Mr. S. Egambaram, M.A.,
8.  Mr. A.S. Tholkappian, M.Com.,
9.  Mr. M. Gopalakannan, B.A.,
10. Dr. Gomathi Sekar, M.Sc., Ph.D.,
11. Mr. S. Vijayaraj, M.Sc.,
14. Mr. T. Nataraj, M.Sc.,
15. Mr. J. Devan, M.Sc.,
16. Mr. G. Komalesswaran, M.Sc.,
17. Mr. Mohd. Ghouse, PUC
18. Mr. K. Balakaliyan, B.Sc.,
19. Mr. S. Nambirajan, M.Sc, M.L.T.,
20. Mr. K. Senthil Kumar, M.Sc, M.Phil.,
21. Mr. K. Radha Krishnan, M.Sc.,
22. Mr. K. Ranganathan, B.Sc.,
23. Mr. R. Kutosh, M.A.,
24. Mr. V. Partheeban, M.A.,
25. Ms. D. Kalaivani, M.Sc.,
26. Dr. B. Senthil Kumar, M.Sc.,
27. Mr. P. Munivarathan, B.Sc.,
28. Mr. D. Nithyakumar, M.Sc.,

Technical Assistant
1. Mr. A.M. Ramesh, M.A.,
2. Mr. P.K. Venkataramana, B.Com.,
3. Mr. S. Venkatesan, M.A, B.Ed.,
4. Mr. S.V. Joseph Rajkumar 
5. Mr. T. Thangaraj M.A, B.Ed.,
6. Ms.M.Malathi, M.Sc, C.L.T.,
7. Ms.C. Suganthi, M.Sc, D.M.L.T.,
8. Mr. P. Jayaram, B.Sc.,
9. Mr. N. Lakshmikanthan, M.A.,
10. Ms.G. Vadivu, M.Sc, D.M.L.T.,
11. Mr. Y. John Arokiya Doss , M.Sc, D.M.L.T.,
12. Ms.B. Mahizhaveni, M.Sc, D.M.L.T.,
13. Mr. V. Ramesh Babu , C R A
14. Mr.Basilea Watson, M.Sc.,
15. Ms.Thangam (a) Meenakshi, B.Sc.,
16. Mr. T.S. Mahadevan (Eng. Support)
17. Mr. M. Karthikesan, M.Sc.,
18. Mr. A. Vasudevan, M.Sc.,(Bio-Chem.)   

M.Sc., (Clinical Microbiol.)
19. Mr. M. Mahesh Kumar, M.Sc, D.M.L.T.,
20. Mr. P. Chandrasekaran, M.Sc, M.B.A,
21. Mr. K. Rajaraman, M.Sc, C.L.T.,
22. Mr. B. Ananda kumar, M.Sc, M.B.A.,
23. Mr. P. Kumaravel, M.A, D.M.L.T.,
24. Mr. C. Saravanan, BLIS, M.A.,
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25. Mr.R. Ramesh, B.Sc.,
26. Mr.S.S. Jeganathan, B.Sc.,
27. Ms.P. Devi Bhagavathy, BCA, MBA.,
28. Mr.R. Vijayakumar, B.Sc.,
29. Mr.T. Kannan, M.Sc., M.Phil.,
30. Mr.K. Vaitheeswaran, M.Sc., M.Phil.,
31. Ms.R. Vijayalakshmi, M.Sc.,
32. Mr.A. Devanathan, M.Com., MSW.,
33. Mr.S. Govindaraj, DMLT, M.Sc.,
34. Mr. Manohar Nesa Kumar, M.Sc., PGMLT.
35. Mr.M. Kannan, B.Sc.,
36. Mr.R. Ramesh Kumar, M.Sc., M.Phil.,
37. Ms.V. Rani, M.Sc.,

Administration

Section Officer
1. Mr.K. Sampath Kumar, B.Sc.,
2. Ms.D. Devaki, B.Sc.,
3. Ms.M. Meenal, M.Com.,

Private Secretary
1. Ms.S. Rangamma

Personal Assistant
1. Mr.B. Duraisamy, B.A.,
2.   Mr.R. Senthil Murugan, B.Sc.,

Assistant
1. Mr.T.N. Surendranath, B.Sc.,
2. Ms. Visalakshi R, M.A.,
3. Ms.V. Lalithama
4. Ms.D.Vijayakumari ,B.Sc.,
5. Ms.R. Geetha, B.Com.,
6.  Mr.S. Rajendaran, M.A.,
7. Ms.R. Latha, B.E, M.B.A.,

120




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	icmr tb nirt pgs 37 to 64.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28

	icmr tb nirt pgs 65 - 72.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

	icmr tb nirt pgs 72.pdf
	Page 8

	icmr tb nirt pgs 73-84.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12

	icmr tb nirt pgs 85-93.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9

	icmr tb nirt pgs 94-101.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

	icmr tb nirt pgs 102.pdf
	Page 10

	icmr tb nirt appendices.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18

	pg 101.pdf
	Page 8

	colour pages proof new.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

	Front Wraper.pdf
	Page 1

	Back.pdf
	Page 1




