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FOREWORD

It is a distinct honor and pleasure to send these words of recognition, 
reflection, and recommitment to my long-time friends and colleagues 
who labor in the field of tuberculosis epidemiology and tuberculosis 
control.

The five years I had the privilege of working in India included many months in Chennai 
working on critically important research projects, with researchers and tuberculosis 
specialists who have unique knowledge and insight. I remember them warmly.

The information included in this report is important, unique, and exciting.  The Model 
DOTS Project has contributed an enormous amount to our collective understanding of 
tuberculosis, and of its control-both in India and globally.

However, we must always be mindful of Halfdan Mahler’s comment:  “The whole world 
benefits from the fruits of Indian tuberculosis research.  The whole world, except 
India.”

Figure 3 in this report is worth careful consideration and reflection.  It is not yet clear 
why tuberculosis cases increased after initially decreasing, but my leading hypothesis 
is that it indicates the extreme fragility of progress in tuberculosis control.

Tuberculosis is persistent, and this must be matched by persistence with basic 
tuberculosis control principles: prompt, accurate diagnosis; effective treatment begun 
immediately upon diagnosis and monitored until completion; and interruption of 
transmission.

Especially important is rigorous adherence to treatment observation to improve cure 
rates. Directly observed therapy throughout treatment sometimes may feel 
unnecessary, but we must never forget the importance of 100% adherence-never 
missing a single dose. Therefore, treatment observation must continue, and 
supervision of staff must be effective at all levels, particularly at the health posts. The 
number of retreatment cases will diminish if patients are witnessed and supported to 
swallow every dose.

The Model DOTS Project is an important example of how effective use of research and 
science can have a real impact on improving health and saving lives.  I am proud to 
have been involved with the work of the former Tuberculosis Research Centre in 
Chennai, and I wish all of you at the renamed and expanded National Institute for 
Research in Tuberculosis the best for advancing the science, and most importantly, the 
practice of tuberculosis control in the coming years.

Sincerely,

Thomas R. Frieden, MD, MPH
Director, U.S. Centers for Disease Control
and Prevention

Model DOTS Project - A Model of Rigorous 
Evaluation to Improve Programme Performance
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MESSAGE

I am very happy to note that NIRT is organizing a research dissemination workshop on 
nd rd

Model DOTS Project: Genesis and achievements from 2  & 3  September, 2014.  The 
workshop aims to share the findings of all the operational research studies carried our 
under aegis of MDP between 1999 and 2014.  This project funded by WHO and 
USAID was initiated with the objectives of studying the impact of the DOTS strategy 
on the epidemiology of tuberculosis.  Over the past 15 years, an enormous amount of 
data has been generated that has led to a much better understanding of the 
epidemiology of tuberculosis, its transmission, associated risk factors and other co-
variates that impact on treatment outcomes.  Further, many of the research findings 
have led to changes in policy and practice within the RNTCP.  Over 100 publications 
have emerged from this project and many important lessons have been learnt.  It is a 
good model of technical cooperation and collaborative action between ICMR, State 
Government, RNTCP and WHO.

I wish the programme all success and hope that this activity will continue for many 
more years and will serve as an example for establishment of such programme in other 
region of country where TB continues to be major problem.

(V.M. Katoch)

Tele. : (Off.) +91-11-26588204, 26589620; Fax (Off.) : +91-11-26599882, E-mail : secydhr@icmr.org.in; dg@icmr.org.in
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PREFACE

iii

The Revised National TB Control Program was launched nationally in 1997, after a 

review of the National TB Program identified many problems and pitfalls, and after a 

pilot phase between 1993 and 1997.  The revised program was based on 

standardized, quality assured diagnostic and treatment strategies, with logistics and 

supply chains given a lot of importance.  At that time, there was renewed vigour and 

enthusiasm in the country and an optimism that tuberculosis can be controlled, with the 

right combination of political commitment, funding and implementation of the revised 

strategy.

At that time, there was a felt need for ongoing operational research to feed into the 

program and find answers to questions that arose as the program expanded.  In 

collaboration with the World Health Organization (India), the Central TB Division, and 

the Government of Tamil Nadu, the Tuberculosis Research Centre (TRC) set up the 

Model DOTS Project under the leadership of the Director Dr PR Narayanan.  Tiruvallur 

district, adjacent to Chennai city, was selected as the real-world laboratory, where the 

TB program could be closely monitored and observed and processes and outcomes 

carefully documented.  Financial support was provided by USAID through WHO and 

intellectual input, guidance and mentorship by Dr Thomas Frieden, then WHO Medical 

Officer (TB) for India.  Many other people played a critical role in the early years of the 

project, including Dr GR Khatri, Dr LS Chauhan, Dr Renu Garg and Dr Fraser Wares 

among others.  Several scientists from TRC spent the next several years devoting 

their time to operational research to answer questions related to diagnosis, treatment 

and program implementation.

This monograph attempts to capture the work done, lessons learnt and findings 

published between 1999 and 2014 from the Model DOTS project.  Many of the findings 

have had an impact on TB control policy and practice in India and globally.  The 

experience brings out the critical importance of operational research and the need to 

continue, expand and enrich the scope of research within programmatic settings. 

I wish to place on record my gratitude, admiration and appreciation to all my colleagues 

in the TB fraternity, especially the front-line workers often working in very challenging 

conditions, for their continued endeavour to control TB in India.

(Dr. Soumya Swaminathan)

Dr. Soumya Swaminathan
MD, FIAP, FASc, FNASc    
Director
Phone : 91- 44-28369600
Fax    : 91-44-28362528
Email: soumyas@nirt.res.in 

National Institute for Research in Tuberculosis 
(Indian Council of Medical Research)
No. 1, Mayor, Sathyamoorthy Road,
Chetpet, Chennai – 600 031, India
Website:  www.nirt.res.in
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1 BACKGROUND

1.1  Tuberculosis burden

Globally, the number of incident tuberculosis (TB) cases is estimated to be falling 

slowly since 2006. Despite all the interventions, death due to TB is still significant. The 

2013 WHO Global TB Report estimated that, there were 1.3 million deaths of the 8.6 

million people who developed TB in 2012. India alone accounted for 26% of the total 

cases and 25% of the total mortality in the world in that year.  In India, there is a 42% 
1

reduction in TB mortality rate by 2012 as compared to 1990 level. Similarly there is 

51% reduction in TB prevalence rate by 2012 as compared to 1990 level. Tuberculosis 

mortality per lakh population has reduced from 38 in year 1990 to 22 in 2012. In 

absolute numbers, mortality due to TB has reduced from 3.3 lakhs to 2.7 lakhs 

annually.   2

1.2  DOTS—the standard of care for tuberculosis 

The World Health Organization declared TB as a global emergency in 1993 and 

recommended DOTS (Directly Observed Treatment-Short-course) as a standard of 

care for its management in all countries. DOTS is a five-point strategy consisting of: (1) 

case detection by sputum microscopy; (2) standardized treatment regimens with 

regular and uninterrupted supply of quality anti-TB drugs; (3) direct observation of 

treatment; (4) systematic monitoring and reporting and cohort analysis; (5) political and 

administrative commitment.  In 2006, WHO launched the STOP TB strategy with the 

objectives of achieving  universal access to high-quality care for all people with TB, 

reducing the human suffering and socioeconomic burden associated with TB, 

protecting vulnerable populations from TB, TB/HIV and multidrug-resistant TB, 

supporting development of new tools and enable their timely and effective use and 

lastly protecting  and promoting human rights in TB prevention, care and control. The 

targets for this STOP TB strategy were (1) To halt and begin to reverse the incidence of 

TB by 2015 (2) By 2015: reduce prevalence and deaths due to TB by 50% compared 

with a baseline of 1990 (3) By 2050: eliminate TB as a public health problem. The Stop 3 

TB Strategy was incorporated in the second phase of RNTCP in India in 2006.

1.3 Evidence-base for DOTS  

India has a long and distinguished tradition of research in the field of tuberculosis. 

Pioneering studies from India have demonstrated the efficacy of domiciliary 

treatment , the necessity of direct observation of treatment , the feasibility of case 
4 5

detection by sputum smear microscopy in primary health care institutions  and the 6

effectiveness of intermittent short-course chemotherapy .  These findings laid the 7

foundation of the Global DOTS strategy. 
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1.4 DOTS implementation in India  

India's DOTS programme, the second largest in the world, is called the Revised 

National Tuberculosis Control Programme (RNTCP).  In 1993, DOTS pilots were 

started in selected districts of India.  The success of these pilots led to the decision to 

scale-up the programme to the national level in 1997, which was financially supported 

by a soft loan from the World Bank.  National technical and operational guidelines for 

RNTCP were prepared based on global scientific literature. Further, it was envisaged 

that information generated in the programme would provide an evidence-base for 

further improving programme practices and policies.  

1.5 Role of National Institute for Research in Tuberculosis in TB control  

The National Institute for Research in Tuberculosis (NIRT), Chennai, is a permanent 

institute of the Indian Council of Medical Research (ICMR). NIRT's research agenda 

has always been geared to the feltneeds of the programme. Since its inception in 1956  ,

NIRT undertook landmark research in several areas including  the effectiveness of ,

domiciliary treatment for TB, the need for supervising treatment, the efficacy of 

intermittent short-course chemotherapy regimens, and the protective efficacy of BCG 

vaccine. Over the years, NIRT has gained a wealth of experience in research and 

earned credibility for its scientific rigor. It has a well-trained and multidisciplinary team 

consisting of clinicians, epidemiologists, microbiologists, immunologists, statisticians, 

social scientists and other paramedical workers. 

1.6 Rationale for Model DOTS Project  

Tuberculosis control programs have been documented to achieve a high level of 

treatment success, and have been associated with a decline in the disease burden.   
8,9

However, limited information on the impact on disease burden is available based on 

active, population-based surveillance before and after implementation of effective TB 

control measures.  It was felt necessary to demonstrate the impact of DOTS in a high 

burden community setting. In this context, the idea for establishing a Model DOTS 

Project (MDP) came up.  

NIRT proposed to undertake the responsibility of implementing the MDP as it matched 

with it's mandate to contribute towards research for TB control and because of its long 

experience of more than 40 years in conducting rigorous research as well as more than 

10 years in evaluating the National TB Program.  

1.7 Uniqueness of Tiruvallur as a site for the Model DOTS Project 

The Tiruvallur District in Tamil Nadu, South India (Figure 1)  provided a unique 

opportunity to evaluate the impact of TB control measures due to the long-term contact 

and rapport of NIRT with this community and the availability of longitudinal 

epidemiological data from this area for over three decades.  With the BCG trial which 

began in 1968 in the area, the disease burden in the population was monitored 

intensively over the ensuing 15 years and the trends of TB infection and disease in the 

pre-DOTS era was well documented. NIRT continued to monitor the disease burden 

in this community even after the completion of the BCG trial up to 1996, allowing the 

measurement of the impact on disease burden after implementation of DOTS-based 

RNTCP.    
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Figure 1. Location and details of the Model DOTS project area (Tiruvallur District)
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2  OBJECTIVES 

  The objectives of the Model DOTS Project were as follows : 

i To conduct operational research on key aspects of the DOTS strategy, for mid-

 course corrections, and to undertake epidemiological surveys to establish the

 potential impact of DOTS on TB burden in the community

ii To build Institutional capacity and strengthen the infrastructure for TB control at 

  the state level

iii To establish a center for DOTS demonstration and training that would serve as a

 training resource for national and international health workers 

iv To establish a model center for rural DOTS implementation in a population of

 580,000 in Tiruvallur District of South India

v To conduct clinical, operational and socio-behavioral research aimed at reducing

 the morbidity and mortality due to TB

4



3  PROCESS OF IMPLEMENTATION 

3.1  Administrative steps

The idea of MDP was conceptualized in August 1998 to be implemented as a 

collaborative effort between the Government of Tamil Nadu and the Government of 

India, United States Agency for International Development and the World Health 

Organization. The planning and the project proposal were finalized by September 

1998. The necessary approvals and clearances were obtained by December 1998. 

The technical services agreement was signed in March 1999 and after appraisal of 

field sites, the project was implemented in May 1999.

 Key administrative steps in implementation

     Concept and Protocol development August 1998

  Institutional Scientific Advisory Committee Approval September 1998

 Tamil Nadu State government approval   October 1998

 Institutional Ethics Committee approval   December 1998

  Government of India approval    February 1999

  Technical Service Agreement    March 1999

  Site appraisals      April 1999

 Start of MDP       May 1999

A project work plan was drawn up each year and periodic review meetings were held 

with the staff to oversee the implementation. The project performance was reviewed 

through quarterly and annual meetings and reporting.

3.2  Restructuring at NIRT 

A massive redeployment of staff was undertaken to facilitate the implementation of 

MDP.  A separate MDP division was established in NIRT, headed by a senior NIRT 

staff.  Senior and middle level staff were mobilized from different departments of the 

Institute with specific tasks for training, field-based surveys, laboratory work and data 

management and documentation.  The staff were re-oriented and trained in RNTCP 

and in operational research, data management and scientific writing. The capacity of 

the administrative staff was enhanced in budgeting, accounting, logistics management 

and other managerial and co-ordination issues.  

The existing office and laboratory space in NIRT was re-engineered to accommodate 

the increased training needs, laboratory investigations and data processing. Thus, 

four training and meeting rooms were renovated. Bio-safety facility was setup along 

with fluorescence microscopy to enhance diagnostic capacity. The electronic data 

processing unit was upgraded with new hardware and software. A local networking 

system was established and connectivity through internet facilities upgraded. New 

vehicles were procured to facilitate field visits and supervision. A new mass miniature 

radiography unit was procured. 

5



3.3  Upgradation of facilities at project site

Civil works were undertaken at seven governmental laboratories.  Since the district did 

not have adequate laboratory technicians, contractual laboratory technicians were 

hired and trained.  The existing infrastructure in Tiruvallur was remodeled to set up 

facilities for training, and lodging and boarding for the trainees.  The medical officer 

was provided adequate transport facilities to facilitate supervision of TB control. 

6
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4  ACHIEVEMENTS 

In accordance with the objectives of MDP, the key achievements are listed under the 
following four heads: i) Operational research; ii) Institutional Strengthening; iii) 
Training; v) Establishment of DOTS demonstration and training centre and v) i
Research to Policies.

4.1 Operational research 

4.1.1 Operational research areas 

One of the key operational research questions was to assess the burden of TB in India 
and the epidemiologic impact of DOTS in the study area

4.1.1.1 Assessing the burden of TB in India  

To address the felt-need to have a revised estimate of the burden of TB in India based 
on the increase in the population and recent epidemiological data, a modeling exercise 
was performed. Using the ARTI obtained for the different zones in the country from the 
national sample survey and extrapolating the prevalence of TB from the project area, 
TB burden for India for the year 2000 was estimated to be 8.5 million cases (3.8 million 
bacillary, 3.9 million abacillary and 0.8 million extra-pulmonary TB)

4.1.1.2   Measuring the epidemiological impact of DOTS strategy

The enormous data collected during the BCG trial was analyzed with support from the 
MDP. This helped to assess the epidemiological trend in TB in the area over a 33 year 
period. During the pre-short course chemotherapy (SCC) period, there was a small 
decline in culture-positive tuberculosis: 1.3% per annum, during the SCC period, the 
annual decline was slightly larger (2.0%), while it was 11.3% after DOTS 
implementation. The corresponding decline in smear positive TB was nil, 4.3% and 
9.0% per annum respectively The trends in prevalence of culture-positive (C+) and . 
smear-positive (S+) tuberculosis in South India (5 Blocks), 1968-2001 has been shown 
in the figure 2.

Supervised TB treatment in the field BCG scar inspection at the field by NIRT staff Census taking at Thiruvallur district by NIRT field staff
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Figure  2. Trends in prevalence of culture-positive (C+) and smear-positive (S+) 

tuberculosis in South India (5 Blocks), 1968-2001

TB prevalence surveys (2000-2008)

Figure 3 gives the trend in the prevalence of culture-positive/smear-positive TB and 

Smear-positive Case Notification Rate (per 1,00,000 population) in Tiruvallur district 

over  seven and half years (2000-2008), where the DOTS strategy was initiated in 1999.  

It was observed that the prevalence of culture-positive TB was 607, 454, 309 and 388 

per 100,000 in the four surveys, and that of smear-positive TB was 326, 259, 168 and 

180. In the first five years; annual decrease was 12.4% (95% CI 10.4 - 14.4%) for 

culture-positive TB and 12.2% (95% CI 8.0–16.2) for smear-positive TB. This was, 

however, followed by a significant increase in the next two and half years. The dotted 

lines indicate the extrapolated prevalence at the seven and half year survey (assuming 

that the decreasing trend observed in the first five years would persist). The average new 

smear-positive case-notification rate was 75 per 100,000 during first four years but 

declined to 49 in subsequent years. There were no methodological differences during 

this period and information on changes in socio-economic indicators and nutritional 

standards was unavailable. The roles of combination of factors like default and greater 

irregularity in treated cases have not been explored in detail. Despite an average annual 

success rate of 78%  against an expected rate of 85%, the implementation of DOTS was 

followed by a substantial decrease in the prevalence of pulmonary TB  over the seven 

and half year period. Our findings suggest that sustaining the high effectiveness of 

DOTS programme needs vigilant supervision.

8

 

ی

8

9

10

11

1968-70 1971-73 1973-75 1976-78 1979-81 1981-83 1984-86 1987-891990-92 1993-95 1996-98 1999-01 2001-03

P
re
v
a
le
n
c
e
 (
p
e
r 
1
0
0
 0
0
0
)

Year of survey

200

400

800

S+

C+

1600
P

re
v

a
le

n
c

e
 p

e
r 

1
0

0
,0

0
0

 p
o

p
u

la
ti

o
n



Figure 3. Trend in prevalence of culture-positive/smear-positive TB and smear-positive 

Case Notification Rate (per 100,000 population) in Tiruvallur district , 2000-2008.

(The dotted line indicates the extrapolated prevalence at the seven and half year survey, assuming 

that the decreasing trend observed in the first five years would persist)

Trends in Annual risk of TB infection (ARTI) 

Three tuberculin surveys were carried out in random samples of children aged 1–9 years 

in a sub-district of Tiruvallur, South India, as part of an assessment of the 

epidemiological impact of the DOTS strategy implemented in 1999. The first tuberculin 

survey was undertaken during the period 1999–2001, while the second and third 

tuberculin surveys were conducted in 2004–2005 and 2009–2010. All the surveys were 

conducted in a mutually exclusive sample of villages randomly selected from target 

villages in the study area.  For the first survey (1999-2001), the sample size of 26,748 

children aged 1–9 years was estimated assuming a BCG vaccination coverage of 40-

50%, an annual risk of TB infection of order of 2% in children, with 80% power and 5% 

significance level to detect an annual decline of 3%, 

For the second survey in 2004–2005, a sample of 25,391 children of the same age group 

was registered assuming a BCG coverage of 63% and a prevalence of infection of 8%, 

with 10% accuracy and at 5% significance level. In the third survey (2009-2010) 

assuming an BCG coverage of 99%, infection prevalence rate of 6% with a precision of 

20% and at 5% significance level, a sample of 3461 children aged 1–9 years, 

irrespective of BCG scar, was registered.

The children were administered one tuberculin unit of purified protein derivative RT 23 

with Tween 80 by intra dermal injection on the volar aspect of the left forearm. The 

induration diameter of the reaction was measured in mm after 72 h (3 days) and the 

prevalence of TB infection estimated. The induration data of Bacillus Calmette-Guérin 

(BCG) vaccinated and non-vaccinated children were analysed using the mixture model 

(Table 1). The estimated prevalence of TB infection among non-BCG- vaccinated 
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children in the three tuberculin surveys were respectively 19.4%, 13.8% and 11.4%, with 

an average annual decline of 5.2% (95%CI 3.6–6.8). The prevalence of TB infection 

among BCG-vaccinated children decreased, with an average annual decline of 5.4% 

(95%CI 10.0–18.6) (see Table 1).These observations suggest a significant declining 

trend in the prevalence of TB infection among children following the implementation of 

the DOTS strategy in the area.

Mortality survey

This study was undertaken to estimate the excess general mortality among tuberculosis 

(TB) patients in a rural area (Tiruvallur) and identify risk factors for TB related mortality. 

The study population consisted of all TB patients aged 15 years who were registered 

under the Revised National Tuberculosis Control Programme (RNTCP) during the 

years 2000 to 2003 at Velliyur TB unit (TU) in South India.  This was a retrospective 

cohort study of 3405 patients treated under the DOTS strategy, followed up from the 

date of start of treatment till the date of interview (for the survivors) or the date of death 

(for those who died).  There were 2710 (79.6%) survivors and 695 (20.4%) deaths. The 

excess general mortality for the cohort, expressed as standardized mortality ratio 

(SMR), was 4.2 (95%CI 3.9–4.5). High SMR values were obtained for patients 

belonging to the 15–44 years age group (12.1), patients on Category II regimen (9.3), 

treatment failures (9.1) and defaulters (7.8). The adjusted hazards ratios (aHR) were 

high for patients aged 45–59 years (1.9), 60 years (3.1) and with incomplete treatment 

due to default or failure (6.4). Thus among TB patients, the major risk factors for mortality 

are old age (greater than or equal to 45 years) and incomplete treatment.
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Table 1 Prevalence of infection with Mycobacterium tuberculosis in 
tuberculin skin test surveys among children aged 1–9 years using mixture 
analysis  

Survey period and BCG 
Vaccination Status  

Prevalence  
% ( 95% CI) 

Average annual decrease  
% ( 95% CI) 

1999–2001  

Non-BCG-vaccinated 
5.2 (3.6-6.8)  

Non-BCG-vaccinated  19.4 (18.3–20.5)  

BCG-vaccinated  18.3 (17.3–19.5)  

2004-2005  

Non-BCG-vaccinated  13.8 (12.7–14.9) 

BCG-vaccinated  7.12 (0.24–11.5)  

BCG-vaccinated:  
5.4 (-10.0–18.6) 

2009–2010  

Non-BCG-vaccinated  11.4 (9.37–14.0) 

BCG-vaccinated  10.5 (8.71–12.5)  

BCG = Bacille Calmette-Guérin; CI = Confidence Interval.  
 
 

.
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Table 2: Risk factors for death among cohort of 3388 tuberculosis patients who started 
treatment under the DOTS strategy between 2000 and 2003 

Group n  
Deaths 
n (%)  

Hazard ratio (95%CI)  

Crude  Adjusted†  P value  

Age, years       
15–44  1764 216 (12.2)  1.0   
45–59  1032 259 (25.1)  2.0 1.9 (1.6–2.3)  0.000 
>=60 592 219 (37.0)  3.0 3.1 (2.6–3.8)  0.000 

Category       
Category I  1806 360 (19.9)  1.1   
Category II  238 94 (39.5)  2.2 1.8 (1.3–2.3)  0.000 
Category III  1344 240 (17.9)  1.0 2.0 (1.4–2.7)  0.000 

Treatment completion       
Yes  2654 297 (11.2)  1.0   
No  734 397 (54.1)  4.8 6.4 (5.4–7.4)  0.000 

Initial smear‡       

Negative  1603 306 (19.1)  1.0   
Scanty positive  47 6 (12.8)  0.7 0.4 (0.2–0.9)  0.032 
1+ 719 128 (17.8)  0.9 0.5 (0.3–0.6)  0.000 
2+ 442 94 (21.3)  1.1 0.6 (0.4–0.8)  0.002 
3+ 577 160 (27.7)  1.5 0.8 (0.6–1.0)  0.082 

Behavioural factors§       

Non smokers and non-alcohol drinkers  1665 247 (14.8)  1.0   
Smokers  345 87 (25.2)  1.7 1.0 (0.8–1.3)  0.904 
Alcohol drinkers  219 38 (17.4)  1.2 0.8 (0.6–1.2)  0.347 
Smokers and alcohol drinkers 1159 322 (27.8)  1.9 1.2 (1.0–1.4)  0.034 

* Patients with initial smear not available (n =17) were excluded from the analysis.  
† Based on step-wise analysis, the hazard ratio was adjusted for patients with respect to age, category, 
treatment completion, initial smear status and behavioural factors; the only remaining factor (sex) was 
found to be not signi?cant by step-wise analysis 
‡ Negative- no AFB in 100 oil immersion ?elds; Scanty-  1–9 AFB per 100 oil immersion ?elds; 1+ 
10–99 AFB per 100 oil immersion ?elds; 2+ 1–10 AFB per oil immersion ?eld; 3+ 10 AFB per oil 
immersion ?eld. 
§ All females were included and classifieded as non-smokers and non-alcoholic. 
 

* Patients with initial smear not available (n =17) were excluded from the analysis. 
† Based on step-wise analysis, the hazard ratio was adjusted for patients with respect to 
age, category, treatment completion, initial smear status and behavioural factors; the 
only remaining factor (sex) was found to be not significant by step-wise analysis
‡ Negative- no AFB in 100 oil immersion fields; Scanty-  1–9 AFB per 100 oil immersion 
fields; 1+ 10–99 AFB per 100 oil immersion fields; 2+ 1–10 AFB per oil immersion field; 
3+ 10 AFB per oil immersion field.

§ All females were included and classified as non-smokers and non-alcoholic.

.



4.1.1.3  Molecular epidemiology

Combining molecular and conventional epidemiologic techniques to study the risk 

factors for TB transmission, the findings suggested that more than 60% of TB cases 

were due to endogenous reactivation, requiring the need for sustained efforts for TB 

control. Only 35% of strains showed clustering, indicative of recent transmission.

 4.1.1.4  Monitoring drug susceptibility profile

From May 1999 to December 2003, the drug susceptibility was monitored among all 

patients initiated on treatment. Among newly diagnosed smear positive patients, 85% of 

patients had organisms fully susceptible to streptomycin (S), isoniazid (H) and rifampicin 

(R), 10.4 % had any resistance to H and 1.7% to H and R. Among re-treatment patients, 

59% had organisms susceptible to S, H and R, 37% had resistance to H and 11.7% to H 

and R, suggesting the adequacy of the RNTCP recommended treatment regimens. 

 

4.1.1. Improving case detection5  

A multi-centric study carried out showed that detection of sputum positive cases can be 

increased by 20% if outpatients with history of two weeks or more of cough are screened 

for TB with minimum increase in work load. It is possible to increase the sputum positive 

case detection by repeating sputum microscopy after the course of antibiotics for 

subjects with persistent symptoms.

4.1.1.6  Making sputum microscopy more technician friendly

An overnight sedimentation of sputum using phenol ammonium sulfate was found to be 

as sensitive and specific as the direct smear method and was better accepted by 

laboratory technicians and safer to use.

4.1.1.7  Developing methods for Quality Assurance of sputum microscopy

The quality assurance of smear microscopy plays a pivotal role in the programme since 

diagnosis and monitoring to cure is based on smear results. Initially, the STLS was doing 

an un-blinded checking of all positive slides and 10% of the negative slides at each 

Microscopy Centre (MC). This was revised to 20 slides per MC per month to be checked 

in a blinded manner. Subsequent studies at NIRT showed that checking eight slides per 

MC (based on the lot quality assurance system followed in industries) will be as effective 

as 20 slides per MC for quality assurance.

4.1.1.8  Identifying vulnerable group of patients for targeted intervention

Risk factors in the community, such as alcoholism,  m a l e  g e n d e r ,  p r e v i o u s 

treatment, and low weight were identified to contribute to default, resulting in lower cure 

rates. It was also observed that relapse rate was higher among patients who were 

irregular for treatment and smokers. Additional strategies need to be planned to address 

these issues and develop strategies for targeted innovative IEC. 
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4.1.1.9  Gender disparities in TB

A higher prevalence of TB infection and smear positive tuberculosis disease among 

males was estimated in the community surveys. Contrary to popular belief, we 

observed that despite facing stigma and inconveniences, women were more likely than 

men to access health services, be notified under DOTS and adhere to treatment. Men 

and elderly need additional support to access health facilities and DOT services.  

 

4.1.2  Research Tools 

For each of the research topics identified, a research protocol was prepared and was 

internally peer-reviewed. Standard tools for data collection, data cleaning and data 

analysis were developed.  Generic protocols were developed for identified research 

areas.

4.1.3  Research dissemination

Dissemination of research findings was done through several channels:

4.1.3.1  Publications in peer-reviewed journals

The findings of the operational research studies conducted in the MDP were promptly 

disseminated in national and international peer-reviewed journals. A total of 110 

manuscripts have been published so far (Figure 4). This not only resulted in increased 

access of these findings to a wider audience but also brought about capacity building for 

NIRT staff and increased visibility for the institution. Details of the findings of the key 

operational research and their implications for the programme are given in the next 

section.

Figure 4  Publications from MDP Studies 2001-2014
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4.1.3.2  Presentations and contributions at national and international forums

NIRT staff presented the main findings by way of posters, oral presentations at National 

conferences and International conferences hosted by TBAI, NAPCON and IUATLD 

among others. 

4.1.3.3  Research dissemination workshops

Three workshops were conducted in March 2001, January 2005 and December 2008. 

Participants included programme managers at national and state level, researchers 

from other institutes, eminent professors from medical colleges, members from the 

funding agencies, private sector, WHO personnel, and national and international 

NGOs. The experiences and results of the research done by various institutions were 

shared during these workshops. Areas for future research as well as the research 

findings that could be considered for policy change were identified.

4.1.3.4  Website 

NIRT has a web site http://www.nirt.res.in which is considered to be one of the best on 

TB in the South East Asia region. This site has information on the activities of the center, 

its research activities and publications and a TB publication repository. MDP funds were 

utilized for the maintenance of the website for some years. 

4.2  Institutional strengthening 

4.2.1  At NIRT

4.2.1.1  Infrastructure development

When NIRT was identified as one of the national level training centers for RNTCP, the 

available staff and space were redeployed to meet with the increased demand. Entire 

staff of NIRT was given orientation on RNTCP. Trainers were identified to impart training 

to the different category of staff in the programme. Training rooms were created with 

adequate infrastructure, training tools and equipments. 

14
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4.2.1.2  Data management system 

Procedures for data collection, data entry, checking for data errors and consistency were 

standardized. The questionnaires or forms used for data collection were pre-coded. 

Each filled-up form was checked for completeness and correctness before submitting for 

data entry. All forms were double entered to ensure accuracy. Protocols and computer 

programs were developed for checking the data and reporting errors. Systematic data 

cleaning procedures were followed and data accuracy was maintained. Data analyses 

were done using Epi Info and SPSS software packages. The internal data users are the 

principal investigators and users authorized by them and they have online access to the 

NIRT data and reports through LAN system. 

4.2.1.3  Financial management 

Meticulous planning and proper and timely utilization of the funds have been possible 

due to the proper record maintenance at the administrative level. Quarterly submission 

of the financial statements was made in time to the satisfaction of the WHO and the 

funding agency. Since the period of inception in 1999 till present date, funds to the tune of 

Rs.25 crores have been received and utilized for various research projects. 

4.2.1.4  Staff capacity development 

Redeployment of staff to facilitate MDP implementation led to job enrichment, capacity 

development and greater national and international visibility for the staff. The project 

provided new opportunities for staff to visit and review other country programmes and to 

contribute to training, planning, monitoring and evaluation in many countries in the 

region.  

4.2.1.5  Laboratory services 

A training facility with eleven Olympus binocular microscopes and a projection 

microscope was established at the center to facilitate training. Staff was trained in Ziehl-

Neelsen staining and reading and in fluorescence microscopy and developed expertise 

to impart training to laboratory workers. Bio-safety level 3 (BSL3) infrastructure, MGIT 

facility and procurement of LED microscopes for training of STLS at the Department of 
15
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Bacteriology was established. GeneXpert, a cartridge based automated diagnostic 

system was also procured. In the process of developing quality assurance methods for 

sputum microscopy for the programme, our own quality also improved.

4.2.2  At State level

The state of Tamil Nadu benefited by the MDP in several ways. The MDP facilitated the 

up-gradation of microscopy centers and provided additional trained laboratory 

personnel. All TB workers at supervisory level in the state received high quality training 

from NIRT.  Further, programme managers in the state were assisted with identifying 

areas for operational research, development of protocols, and training in the collection 

and analysis of the data. 

Hon’ble Health Minister Tamil Nadu, District Collector of Tiruvallur, Dr. Thomas Frieden, Dr. P R Narayanan 
and other officials at the World TB Day Celebrations in Tiruvallur
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4.2.3  At National level

Capacity building of national RNTCP staff: Facilitators from NIRT have visited 

several states to organize and impart training to MOs. Further, senior staff from various 

states received training at NIRT. Trained staffs form other states (Andaman, Nicobar 

Islands, Jabalpur and  Wardha) to conduct epidemiological surveys. MDP staff 

participated in the workshops conducted by CTD for medical colleges to strengthen 

RNTCP and also served as task force member.

External quality assessment procedures for sputum smear microscopy was 

developed and field-tested. Also, the training modules for EQA were developed. 

District appraisals: MDP staff participated as team members in the pre-RNTCP   

implementation appraisals. 

Internal evaluation: MDP staff participated in the national internal evaluation of 

RNTCP and undertook data entry, analysis and documentation. 

4.2.4  At International level

MDP served as a field site for training 

international TB programme personnel including 

trainees from Myanmar, DPR Korea, Sri Lanka, 

Bangladesh, Bhutan and East Timor. Further, 

facilitators from MDP visited other countries to 

impart training, assisted in establishing EQA 

system and laboratory facilities for mycobacterial 

culture and drug susceptibility testing. NIRT staff 

have been recognized as international 

consultants by IUATLD, WHO etc.

4.3  Training

Standardized and effective training of different cadres of national staff was an important 

prerequisite for RNTCP scale-up to the national level. NIRT was identified as one of the 

national institutes for training. NIRT played a crucial role in development of standardized 

training tools and methodologies by contributing in the following ways:

4.3.1  Adaptation of WHO training modules

NIRT staff reviewed WHO draft modules. Pilot testing of these modules was done during 

the first training programme for TB programme managers and medical college faculty 

from Orissa. Based on the feedback from participants and facilitators, the modules were 

revised. These revised modules were again field tested at the National Tuberculosis 

Institute, Bangalore and finalized.  These modules have since been used and are 

revised periodically. In addition, NIRT has brought about several innovations in the 

training methodologies. 

Dr.Thomas Frieden at NIRT, Chennai 
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4.3.2 Development of new training aids 

An exhaustive question bank covering all the ten modules was compiled. Also, a 

comprehensive slide set was prepared for each module. Additional role plays were 

developed to make the training more interactive. 

4.3.3 Monitoring and evaluation of the training

A pre-test and post-test evaluation questionnaire was prepared. The training was 

monitored on a daily basis by questioning and making the trainees present their field 

experiences.  The course evaluation was done on a short term and medium term basis. 

The immediate impact of the training programme was assessed by the post-training test. 

This was done routinely for all trainees using the same questionnaire that was used for 

the pre-training assessment. Fifty questions, from the ten modules comprised the 

questionnaire. This questionnaire was designed for systematic assessment of the 

performance of the trainees. This enabled comparison of the trainees' performance in a 

batch and also among batches. Currently, this system has been adopted at the national 

level by other training sites.

For the laboratory staff training, an evaluation of the smear staining and reading capacity 

was assessed both prior to and after the training. This system of training evaluation has 

been included at the national and international level for laboratory training.

4.3.4  Refresher training

Towards developing a refresher training curriculum and tools, NIRT conducted several 

batches problem-solving meetings for medical officers. In these meetings, the trainees 

expressed the problems faced in the field. This helped identifying areas for refresher 

training of RNTCP staff. Further, training was provided to RNTCP staff at various levels 

such as STS, STLS,LTs, pharmacists, microbiologists, health visitors, anganwadi 

workers, self help groups.

Dr.Fraser Wares at NIRT, Chennai
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4.3.5  Sensitization programmes

To increase the administrative and technical involvement of the higher level district 

functionaries, we organized one day sensitization programmes on RNTCP and their 

role in the programme.

4.4 Establishment of DOTS demonstration and training centre (Monitoring and 

evaluation)

The project area has a population of 5,80,000 in 209 villages and nine urban clusters, 

served by 17 Governmental Health Facilities (HFs), which include seven microscopy 

centers. The DOTS strategy was implemented in the project area by the government of 

Tamil Nadu as per the guidelines provided by the Central Tuberculosis Division of the 

Government of India for implementing the RNTCP. The Senior Treatment Supervisor 

(STS) and the Senior Tuberculosis Laboratory Supervisor (STLS) were posted from 

among the NIRT field staff with good knowledge of the area.  NIRT staff visited all the 

health facilities in the project area and reviewed the recording and reporting, interviewed 

patients and assessed the quality of implementation on an ongoing basis. Routine 

monitoring data from the project site was computerized and documented every quarter. 

Case finding has been above 70% throughout and is being sustained. Sputum 

conversion at 3 months has been above 85% during 2002, 2003 and 2004 though not the 

expected 90%. Cure rate has shown improvement and is mainly due to the reduction in 

default rates. At the end of each quarter the NIRT staff conducted review meetings with 

the medical officers of the PHIs to assess the performance, identify constraints and 

steps to overcome these.  In addition, NIRT staff participated in review meetings 

conducted by the PHI medical officers. Further, meetings with community leaders and 

DOT providers were also held periodically.  These efforts led to greater involvement of 

programme personnel and their capacity building and involvement of the community in 

the service delivery.  This was also used as a field site for training various categories of 

national and international health workers.

RNTCP training sessions at  NIRT, Chennai
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4.5. Research to Policy

Beneficial outcomes of any research to be translated to policy will take time since the 

research is done under controlled conditions. The method needs to be replicated on a 

larger scale before the results can be translated into policy. Some of the research 

findings from the Model DOTS project was instrumental in developing/shaping policies 

for RNTCP.

 Based on two multi-centric studies undertaken on large outpatient population, 

RNTCP has changed the diagnostic algorithm and redefined eligible patients for 

sputum microscopy as cough of two weeks or more from earlier three weeks or 

more. The study findings from patients admitted to treatment from MDP area 

showed additional yield from the third sputum to be insignificant and the 

programme has changed the policy to examine two sputa instead of three. An 

additional benefit will be that the workload of the laboratory will be reduced.

  The finding that 60% of the initial smear negative culture positive patients can be 

diagnosed by smear microscopy after the course of antibiotic resulted in the 

introduction of repeat sputum microscopy as a policy in the diagnostic algorithm. 

 The repeated finding that a private provider is the first point of contact for almost 

50% of subjects with cough helped the RNTCP for forging equal partnership with 

the public and private sector.

 The multi-centric study carried out for referral of clients attending VCTC showed 

an increased yield of sputum smear positive cases among HIV positive and 

negative clients. This also has been translated to the programme and all clients 

attending ICTC with history of cough of any duration is now to be referred for 

evaluation for  TB.

 Earlier studies done by the centre has identified the feasibility of involving 

community volunteers such as NSS students, Self Help Group and literate youth 

in TB control programme and community involvement has now become the 

catchword for the TB control.

Global TB experts with Scientists at NIRT, Chennai 
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Key operational research studies done during the Model DOTS project are listed 

under the following topics. 

1. Access, screening and diagnosis of TB 

1.1 Tools for TB diagnosis 

1.2 Case finding 

1.3 Improving access for TB diagnosis and treatment 

2. Developing suitable collaboration with all stakeholders 

2.1 PPM (Private Practioners, Private Hospital, NGO, Others) 

3. Prevention and treatment for TB in HIV 

3.1 Improving screening for TB suspects and high risk groups 

4. Treatment of Drug-Susceptible and Drug Resistant TB (MDR/XDR): 

Optimal access, delay and community participation 

4.1 Drug Resistance 

4.2 Treatment Outcomes 

5. Epidemiology 

5.1 Socio-economic aspects 

5.2 Epidemiology 

6. Pediatric TB 

7. Miscellaneous 

5 STUDIES AND OUTCOMES                                
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1. Access, screening and diagnosis of TB 
1.1. Tools for TB diagnosis 

 
SNO Research Question/Topic Main Findings Implications Reference 

1 PhAS sedimentation method A simple method of sedimenting the sputum 
by adding phenol ammonium sulphate to the 
sputum & making smears from the deposit 
has been shown to be more technician 
friendly & takes less time to read 

PhAS method can be considered 
in areas where work load & 
sputum handling is an issue 

J Clin Microbiol, 
2002; 40(8): 3017-
3020  

2 0.3% carbol fuchsin in ZN stain Comparing 1% carbol fuchsin conventionally 
used for ZN staining, with 0.3% of the 
reagent gives similar results as that of 1% 

Use of 0.3% carbol fuchsin will 
be cost saving 

J Clin Microbiol, 
2002; 40(8): 3041-
3043 

3 Modifications in sputum smear 
microscopy 

Washing of glass slides does not influence 
sputum results   

Unwashed glass slides can be 
used for AFB smears 

Int J Tuberc Lung 
Dis, 2002; 6(3): 270-
272 

4 Modifications in sputum smear 
microscopy 

Evaluation of cold staining method for AFB Two reagent cold staining kit can 
be used for detection of AFB 

Int J Tuberc Lung 
Dis,2002; 6(8):728-31 

5 Modifications in sputum process 
for smear microscopy 

The rates of isolation of M. tb  with the 
standard and modified methods were 48.6 
and 48.1%. Does not improve the rate of 
isolation but will result in rapid isolation of  
M. tb 

Processing sputum specimens in 
a refrigerated centrifuge does not 
increase the rate of isolation of  
M.tb 

J Clin Microbiol 2003; 
41:467-471. 

6 Role of repeat sputum 
microscopy in S-ve TB suspects  

Repeat smear exam was positive for AFB in 
13%; Repeat sputum smear examination 
positive in two thirds of 40 culture positive 
TB patients  

Repeat sputum smear 
examination after antibiotics in 
RNTCP diagnostic algorithm has 
been shown to increase sputum 
positive cases 

Indian J Tuberc, 
2004; 51: 191-198 
 
 
 

7 Modifications in sputum smear 
microscopy 

The sensitivity of ZN method for sputum 
transported in CPC  

The sensitivity of ZN method is 
low for sputum transported in 
CPC 

Int J Tuberc Lung 
Dis, 2004; 8(2):248-
252  
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8 Comparison of 2 vs 3 sputum 
smear examination for diagnosis 
of PTB 

Two sputum smear examinations detected 
99.2% of TB patients 

Adequate for diagnosis; 
Resources, workload of LTs & 
time of patients is likely to be 
reduced   

Int J Tuberc Lung 
Dis, 2004; 8(7): 824-
828 

9 Smear-positive TB case 
detection among TB suspects 
with cough for 2 or 3 weeks or 
more among outpatients 
attending governmental health 
facilities 

More positive cases among chest 
symptomatics with cough of >2 weeks;  

By changing the definition of TB 
suspects to persons with cough 
of >2 weeks case detection rate 
is likely to increase 

Int J Tuberc Lung 
Dis,,  22000055;;  99((11))::  6611--6688  

10 Storing of heat fixed smears for 
panel testing  

Panel testing is one of the components of 
External Quality Assessment (EQA) of 
sputum  microscopy; QC smears with 
different grades can be prepared & stored 
under ambient conditions in slide boxes up 
to 10 months 
 

Heat fix the slides used for panel 
testing 

Int J Tuberc Lung 
Dis, 2005; 9(2): 223-
225  

11 Modifications in sputum smear 
microscopy 

The sensitivity of staining method can be 
increased on re-staining the smears taken 
from sputum transported in  CPC 

Re-staining of the stained slides 
transported in  CPC increased 
detection  

Int J Tuberc Lung 
Dis, 2005; 9(2):195-
199 

12 Modifications in sputum smear 
microscopy 

Lot QA sampling of sputum AFB smears for 
assessing MCs 

Useful for monitoring MCs J Clin Microbiol, 
2005; 43(2):  

13 Modifications in sputum smear 
microscopy 

ZN staining using variants of carbol-fuchsin 
solution 

Reducing the concentration of 
basic fuchsin below 0.3% in ZN 
staining was found to significantly 
reduce its sensitivity 

Int J Tuberc Lung 
Dis, 2005; 9(2): 226-
229 
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14 Proficiency to read sputum AFB 
smears by STLS 

The sensitivity, specificity, positive 
predictive value and negative predictive 
value of smear reading were 75%, 88%, 
93%, 63% and 94%, 99%, 99%, 89% 
respectively on day-1 and day –15. The 
sensitivity to read sputum AFB smears by 
fresh STLSs with little or no experience 
increased from 75% to 94% during the 
carefully planned training programme; the 
specificity increased from 88% to 99%. 

Technician training is important 
to improving the microscopy 
results 

Indian J Tuberc 2005; 
52:11-14 

15 Feasibility of adopting lot 
sampling of AFB smears and to 
assess the performance of MCs 

The discrepancy between MC laboratory 
technicians and STLSs at DTC was 4.7%, 
compared to 1% at RL. The STLSs and RL-
based laboratory technicians had 70 and 2 
errors, respectively. 

Lot sampling of AFB smears is 
feasible under field conditions.  

Int J Tuberc Lung Dis 
2005; 9(2): 1-5 

16 Value of dual testing for 
identifying tuberculous infection 

Induration to PPD-S exceeding the 
induration to PPD-B by at least 2 mm, had a 
significantly higher incidence of culture-
positive TB  (154 and 93 per 100,000)  

Enabled for identification of 
tuberculous  infection 

Tuberculosis 2006; 
86: 47-53. 

17 Yield of pulmonary tuberculosis 
cases by employing two 
screening methods 

60% were identified by symptom inquiry 
alone and 82% were identified using chest 
radiography  

To estimate prevalence, a simple 
and inexpensive method of 
symptom inquiry may be 
employed 

Int J Tuberc Lung Dis 
2006; 10(3): 343-345 

18 ZN method for AFB in 
centrifuged deposit smears and 
liquefied sputum smears made 
from sputum samples 
transported in CPC solution  

Significantly higher proportion of samples 
were positive in centrifuged deposit smears 
(40%) compared to liquefied sputum smears 
(30%); The sensitivity of ZN was 47% using 
liquefied sputum smears and 63% using 
centrifuged deposit smears. 

The sensitivity of ZN method for 
centrifuged deposit smears and 
liquefied sputum smears was 
found to be reduced if sputum 
samples were transported in 
CPC solution 

Indian J Med Res, 
2006; 124: 439-442 
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19 Contamination of stored sputum 
AFB smears with environmental 
mycobacteria 

Detection of AFB after restaining in 30 of 73 
negative smears triggered suspicion of 
contamination with environmental 
mycobacteria, which was confirmed by re-
examination of these slides. 

Proper storage of slides, 
preparation of staining reagents 
with distilled water, washing 
slides with clean water and using 
clean immersion oil are essential 
for preventing contamination of 
sputum smears with 
Environmental Mycobacteria. 

Int J Tuberc Lung Dis 
2006; 10(11): 1299-
1301 

20 Adequacy of 2 sputum smear 
examinations for diagnosis 

58% increase in Chest Symptomatics & 
23% increase in the detection of smear-
positive cases. Among 211 patients, 210 
were positive at least by one smear from the 
initial two specimens. Increase in the work-
load of LT, when  2 smears were done for 
patients with cough of >2 weeks cough were 
2 specimens (i.e.13 to 15) per day for an 
adult OPD of 150. 

Screening criterion can be 
changed 

Indian J Tuberc 2008; 
55: 77-83 

21 Phenol ammonium sulphate 
basic fuchsin staining of sputum 
in pot for the detection of AFB  

The proportions of AFB positives in pot and 
standard ZN methods were similar ensuring 
that AFB in sputum can be stained in its 
containers by phenol ammonium sulphate 
basic-fuchsin solution. 
 

Phenol ammonium sulphate 
basic fuchsin staining sputum in 
pot can be used for detection of 
AFB  

Indian J Med Res, 
2008; 128: 194-197 

22 Pot method for storage & 
detection of AFB from sputum 
samples 

Pot and ZN smears were positive in 61 of 63 
samples from smear-positive patients and 
negative in 11 of 12 smear-negative 
patients. The sensitivity and specificity of 
pot method were 96.8 and 91.7% 
respectively 

Sputum samples can be stored 
for up to 7 days in the sputum 
container with phenol ammonium 
sulphate basic fuchsin solution 

Indian J Med Res 
2008; 128: 765-768 
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23 EQA for quality control of smear 
microscopy by the NRL in 9 
states 

The IRLs were evaluated, problems were 
identified, causes were explored and 
remedial actions were suggested. The NRL 
reports and feedback from the states were 
evaluated. Of the corrective actions 
recommended during the initial NRL 
evaluation visits, 65% were implemented 
within a month. Subsequent visits to seven 
IRLs showed 80% improvement. The NRL 
suggestions resulted in immediate 
corrective actions & had a sustained impact. 

To improve and sustain the 
quality of sputum microscopy, 
peripheral laboratories needed 
regular monitoring and close 
supervision 

Int J Tuberc Lung Dis 
2009; 13(9): 1183-
1185 

24 What are the symptoms that 
needs to be elicited for 
diagnosis of pulmonary TB in 
prevalence surveys? 

The elicitation of either of the 2 symptoms of 
cough and chest pain, and/or a history of 
previous treatment, led to the identification 
of 95% of symptomatic individuals and 
detection of almost 99% of sputum-positive 
individuals detected in the survey. The 
contribution of a history of fever alone 
(without cough and chest pain) in identifying 
symptomatic patients was negligible and no 
individual was identified. 

History of fever alone may be 
safely excluded from symptoms 
to be elicited in future community 
surveys, without any appreciable 
impact on the number of 
symptomatic patients and those 
detected with sputum-positive 
pulmonary TB 
 

 Natl Med J India. 
2010:23:372-373. 

25 Performance indicators of 
fluorescence microscopy for 
sputum samples in pulmonary 
tuberculosis 

The sensitivity of fluorescence microscopy 
for diagnostic and follow-up samples 
respectively was found to be 94.3% and 
60.7%. 

With these values, the 
performance of fluorescence 
microscopy in the treatment of 
MDR-TB under DOTS plus 
program remains to be monitored 
and studied. 

 Int J Mycobacteriol 
2012; 1(3):143-5 
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26 What is the difference in the 
quality of panel slides prepared 
by phenol ammonium sulphate 
compared to NALC methods for 
proficiency testing? 

The overall agreement was 96% for the 
PhAS method and 91% for the NALC 
method. There were 37 errors using the 
NALC method compared to 21 for the PhAS 
method (P < 0.223). Smear quality was 
equally good in both methods. 

The PhAS method, a non-
hazardous procedure with good-
quality smears, may be further 
explored for the preparation of 
panel slides. 

 Int J Tuberc Lung 
Dis 2012;16(3):394–
397 

27 What is the concordance 
between 25% sulphuric acid 
(ZN-acid method) and 3% 
hydrochloric acid-alcohol (ZN 
alcohol method)  as decolorizing 
agent in Ziehl - Neelsen 
Method? 

Concordance between the methods was 
85% (kappa 0.68), and the sensitivity (79%) 
and specificity (89%) were same for both 
the methods. 

The common belief that acid-
alcohol decolorized slides give 
enhanced smear positivity stands 
void 

Indian J Tuberc. 2012 
Oct;59(4):219-23. 

28 What is the accuracy of 
rechecking auramine-stained 
sputum smears without 
restaining within a month using 
LED FM? 

Among the rechecked smears, one high 
false-negative error was made by a reader, 
while one high false-positive error and 19 
high false-negative errors were made by the 
controllers. The errors were resolved by 
culture. Smear results for 18 slides were not 
available due to AFB fading. 

AFB colour fading using LED FM, 
which affected the accurate 
evaluation of blinded rechecking 
of AFB smears without restaining 
within a month, is confirmed in 
this large study. 

 
Int J Tuberc Lung 
Dis. 2013 
Sep;17(9):1220-3 

29 Reliability of Mycobacterial 
Growth Indicator Tube (MGIT) 
960 for the detection of isoniazid 
resistance in a TB endemic 
setting 

 

High sensitivity (>91%), specificity (>95%) 
and accuracy (>92%) for detection of INH 
resistance by MGIT 960 was observed in 
comparison with conventional MIC method   
Comparison of MGIT 960 with phenotypic 
methods (MIC and PST) and BACTEC 460 
for EQA isolates showed a good 
concordance in sensitivity and specificity.  

Currently, MGIT 960 has been 
considered as the gold standard 
in liquid culture system and 
introduced for diagnosis and DST 
of M. tuberculosis under RNTCP. 
Laboratory specific assessment 
of the recommended drug 
concentrations at regular time 
intervals is required to eliminate 
inconsistency and improve 
reliability. 

Indian J Med 
Res.2014; 139:471-
473. 
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1.2.  Case finding 
 

SNO Research Question/Topic Main Findings Implications Reference 
1 Are community surveys essential in 

detection of TB cases in area of high 
prevalence  

Nearly 90% of symptomatic TB patients 
found in survey had already sought care at 
one or more public or private facility but 
missed to be diagnosed   

No role for community surveys 
even in areas of high prevalence 

Int J Tuberc 
Lung Dis, 2003; 
7(3): 258-265  

2 Perceptions of TB patients about 
private practitioners   

There were significant changes in reasons 
for selecting PPs between 1997 and 2005: 
being convenient (47% vs 10%), quality 
care (41% vs 19%), motivated by others 
(49% vs 19%), confidentiality (19% vs 9%) 
and known doctor (6% vs 28%). Financial 
problems were the most common reason 
for discontinuation of treatment in both 
periods. The use of sputum test for 
diagnosing TB by PPs was significantly 
increased after RNTCP implementation. 

Perceptions of patients have 
changed towards PPs, and 
RNTCP has begun to gain 
acceptance amongst patients in 
terms of convenience, 
confidentiality and personal care 

Indian J Tuberc 
2009; 56:185-
190 

3 What is the usefulness of initial CXR 
in the diagnostic algorithm for 
symptomatic HIV-infected patients 
with negative sputum smears? 

CXR had a sensitivity and specificity of 
72% and 57%, respectively, with positive 
predictive value (PPV) of 21% and 
negative predictive value (NPV) of 93% to 
diagnose PTB. TB culture was positive in 
49 of 235 patients (21%) with an abnormal 
initial CXR and 19 of 269 patients (7%) 
with a normal CXR (P < 0.001). Sensitivity 
and specificity of cough ≥2 weeks for 
predicting PTB was 97% and 6%, with 
PPV and NPV of 14% and 94%, 
respectively. 

Basing a diagnosis of TB on 
initial CXR (though moderately 
sensitive) leads to over 
diagnosis. An absence of weight 
loss had a high NPV, whereas 
none of the combinations had a 
good PPV.  

A rapid and accurate diagnostic 
test is required for HIV-infected 
chest symptomatic. 

 

J Acquir Immune 
Defic Syndr. 
2013 Jul 
1;63(3):331-8. 
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4 Why do TB suspects bypass local 
services to attend TB sanatorium? 

A total of 2,023 respondents attended 
GHTM during the study period; 56% were 
males, 67% were aged <45 years, 63% 
were literates and the average annual 
family income was Rs.25,000. Multiple 
reasons for attending GHTM were given: 
popularity of the centre (82%), perceived 
availability of good treatment (52%), 
referral by earlier treated patients (36%), 
expectation of specialized care (22%), 
referred by treating physicians (13%), and 
inpatient care (11%). 

The findings suggest that there 
is a need to improve community 
awareness of the availability of 
free diagnostic and treatment 
facilities locally under RNTCP.  

Lung India. 
2010;27:111-
114. 

5 What is the current health care 
seeking behavior of chest 
symptomatic after implementation of 
RNTCP? 

Longer delays in seeking care were seen 
amongst symptomatics above 45 years of 
age (p 0.01), and those who had taken 
previous TB treatment ( p =0.05). Overall, 
50% (222/444) of the chest symptomatics 
approached a government health care 
facility first (Rural- 142 (61%); Urban- 80 
(38%), p = <0.001). This was significantly 
(p<0.001) more than were observed in the 
1997 study, where only 38.4% approached 
a government facility first. Sixty two (28%) 
of the 222 made a second visit to a 
government facility (Rural-26%; Urban-
31%), while 17% shifted to a private facility 
(R14%; U21%). Dissatisfaction with the 
health care facility was one of the major 
reasons expressed.  

 

It appears that the RNTCP has 
had an impact in the community 
with regard to the availability 
and accessibility of TB services 
in government health facilities. 
However the relatively high 
levels of subsequent shifting to 
private health facilities calls for 
urgent action to make 
government facilities more 
patients friendly with quality care 
facilities in the delivery of 
RNTCP services. 

PLoS ONE; 
2010:5:1- 6 
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1.3. Improving access for TB diagnosis and treatment 
 

SNO Research Question/Topic Main Findings Implications Reference 
1 Factors associated with patient delay 

in diagnosis 
Lack of awareness, men, initial 
consultation with government provider, 
residence at a distance >2 km from a 
health facility & alcoholics were likely to 
delay taking action 
 

MOs were educated to think TB, 
Targeted counseling for 
alcoholics IEC needs to be 
strengthened  

Int J Tuberc 
Lung Dis, 2002; 
6(9): 789-82 

2 Care seeking behavior Reasons for not seeking care: Symptoms 
not severe, Pressure of work, Lack of 
money, Lack of transport Dependence on 
alcohol /drugs Domestic preoccupation 

Facilitate sputum collection and 
transport facility to DMCs, etc.; 
Involvement and working to link 
existing social welfare schemes 
of state and central government. 
Create awareness on availability 
of such social welfare schemes 
for utilization of TB patients. 
 

Trop Med Int 
Hlth 2003 8(4): 
336-342 

3 Utilization of TB services in different 
economic strata  

2/3 of TB patients registered under RNTCP 
were from low SLI. During treatment 73% 
low, 84% medium SLI patients returned to 
work 
 

RNTCP meets the health need 
of most vulnerable. DOTS 
increase the productivity.  

SAARC J TB L 
Dis & HIV 
2004;1(1):14-
19 

4 Migrant population had difficulty in 
accessing TB services 

24% of the defaulters had migrated, the 
main reason is occupational (48%) & 
returning to the native place (28%)  
 

Strengthen inter-district and 
inter-state referral mechanisms. 

Ind J Tuberc 
2006; 53:33-36 
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5 Health-seeking behaviour of new 
smear-positive TB patients 

65% contacted a provider within 28 days; 
47% first contacted governmental and 53% 
non-governmental.  Total delay in 
diagnosis was 62 days; provider delay was 
high (50 days) with private. Patient delay 
was associated with smoking, mode of 
travel, and provider delay with first 
consultation with a private provider, 
distance >5 km from the health facility. 
25% took more than two actions before 
diagnosis. 

Create community awareness of 
TB; involve private sector; 
Referral and sputum 
transportation to the diagnostic 
facility should be given priority 

Int J Tuberc 
Lung Dis 2007; 
11(2): 161-167 

6 Does DOTS reach socially 
marginalized population in the 
community? 

The prevalence of smear- positive cases 
among the scheduled caste population 
was 1.9 times higher than the other 
population (268 vs 140) and this was 
reflected in the notification ratio 1.7:1 
similar to the prevalence ratio (1.9:1). The 
successful treatment outcome was (75% 
and 78%) similar in these two groups 

Socially marginalized people 
living in colony have equal 
access to DOTS as those in the 
village 

J Commun Dis 
2008; 
40(3):199-204 

 
 

 
 

 
 
 
 



31 
 

2. Developing suitable collaboration with all stakeholders 
 

2.1. Public Private Mix (Private Practioners, Private hospitals, NGO and Others) 
 

SNO Research Question/Topic Main Findings Implications Reference 
1 Purchasing practices of 

anti-tuberculous drugs by 
patients  

2/3 of patients were likely to buy drugs on daily basis due to 
financial constraints leading to irregularity in drug. This 
practice likely to fuel drug resistance in the community. More 
than 96% of pharmacists were willing to get  involved in 
RNTCP consumption  

Private pharmacies have 
potential and need to be 
roped into the 
programme  

Int J Tuberc 
Lung Dis, 2002; 
6(2): 171-173 

2 Public-Private-Partnership 
Rural Model in Tiruvallur  

Feasible to create a link between private-public systems 
within RNTCP; 10% increase in case detection of new s+ 
cases due to involvement of PPs. 

Public Private 
Partnership has been 
beneficial to RNTCP  

Int J Tuberc 
Lung Dis, 2006; 
10(12):1380-
1385 

 
3.  Prevention and treatment for TB in HIV  

 
3.1. Improving screening for TB suspects and high risk groups 

 
SNO Research Question/Topic Main Findings Implications Reference 

1 Cross-referral between 
ICTCs and DMCs in Tamil 
Nadu 

From ICTCs 6% were identified as TB suspects and referred 
to DMCs; among them 83% attended and 17% dropped out; 
reasons for dropping out were: 51% due to the health 
system, 62% due to the disease and 62% due to personal 
reasons; 12% of DMC attendees were smear-positive. 

ICTC to DMC referral 
system makes a 
significant contribution to 
the detection of TB cases 

 
Int J Tuberc 
Lung Dis 2009; 
13(2):221–225 
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4.  Treatment of Drug-Susceptible and Drug Resistant TB (MDR/XDR): Optimal access, delay and 
community participation 
 

4.1. Drug Resistance 
 

SNO Research Question/Topic Main Findings Implications Reference 
1 Emergence of DRTB among 

patients treated with SCC 
regimen 

Retrospective analysis of RCTs of 1817 patients 
studied: Those who had susceptible strains prior to 
treatment; 2% had unfavorable response; 7% 
relapsed and 1% had emergence of resistance to H, 
R or both. 
 

SCC carries minimal risk of 
emergence of R resistance 

Int J Tuberc 
Lung Dis 
2001; 5(1): 
40-45. 

2 Is initial DR increasing ? Between 1968 and 1986, initial drug resistance to H 
increased from 12.5% to 20.7%; at an annual rate of 
3.1%.   
 

There was a steady 
increase in the magnitude of 
initial drug resistance 

Indian J 
Tuberc 2003; 
50:75-86 

3 Susceptibility profile of new 
cases 

Sensitive to HR 85%; MDR TB 1.7% Majority of new patients are 
sensitive to ATT drugs. 
Treatment with CAT-I is 
justifiable  
 
  

 Int J Tuberc 
Lung Dis, 
2006; 10(1): 
52 



33 
 

4 The influence of drug 
resistance on treatment 
outcome among patients 
treated with Category-II 
regimen 

Treatment success was similar among patients with 
fully susceptible or resistant but non-MDR organisms. 
Among 49 MDR-TB patients, 27% had successful 
treatment outcome. The failure rates among patients 
with fully susceptible, resistant but non-MDR and 
MDR bacilli, were 6%, 12% and 27% respectively. 
Default was significantly higher among males, 
smokers, alcoholics ,and patients with higher initial 
smear grading. 

The currently recommended 
Category II regimen is  
adequate for re-treatment 
cases 
 
 
 
 
 
 

 Indian J 
Tuberc 2006; 
53: 141-148 

5 Status of re-registered 
patients for TB treatment 
under DOTS programme 

Among 273 Category-I patients ‘defaulted’ 23% and 
among 112 ‘failure’ cases 68% were re-registered. 
After ‘successful treatment completion’ of 1796 cases 
6.5% were re-registered as relapse. Corresponding 
figures for Category II were 20% of 281 defaulters; 
23% of 60 failures; 12.9% of 302 ‘successful 
treatment completion’ patients. Among patients re-
registered as ‘default’, subsequent default was also 
high (57% vs 37%). Median delay for re registration 
was >200 days for ‘defaulters’ and 18 days for 
‘failures’. 
 
 
 

Need continuing motivation 
and prompt defaulter 
retrieval action to reduce 
default at all stages of 
treatment. ‘Defaulters’ need 
to be contacted and 
treatment to be started 
without delay.  

Indian J 
Tuberc 2007; 
54:12-16 
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6 Management of MDRTB Successful treatment outcome was observed only in 
37% of cases with a high default of 24%. Adverse 
reactions necessitating modification of treatment was 
required only for three patients. 

There is a need to ensure 
reliable DST, prompt and 
regular delivery of drugs to 
the PHC, identifying a 
provider for prolonged DOT 
who can give injection and 
who has the social skills to 
maintain patients on such a 
prolonged treatment with 
repeated motivation and 
ability to management of 
minor adverse reactions. 

Indian J 
Tuberc 2007: 
54: 117-124 

7 DR pattern among previously 
treated patients 

During 2001-2004; 53% identified as having MDRTB 
across India, 44.8% were resistant to ⩾1 SLDs: 
32.7% to eth, 16.4% to oflo and 11.3% to kanamycin;  
4.6% XDR-TB High SLD resistance levels, including 
XDR-TB, among MDR-TB patients is of concern. The 
prevention of MDR/XDR-TB through quality DOTS 
services remains the priority 

. Rapid scale-up of quality 
programmatic management 
under the DOTS is needed, 
with more control and 
rational use of SLDs outside 
the programme. 

 Int J Tuberc 
Lung Dis 
2010; 14(2): 
243-246 

8 How to detect MDR-TB on 
direct clinical specimen using 
combined drug media? 

The combined drug media showed complete 
concordance with individual drug media in the 
detection of MDR-TB by direct DST method and 89% 
efficiency with indirect DST method. Susceptibility 
results were available by 3 weeks after the receipt of 
clinical specimen using direct DST on combined drug 
media. 

Combined drug media can 
be used as a fast track 
method in large scale 
studies warranting detection 
of MDR-TB 

Asian Pacific 
J Trop Dis. 
2011;1:47-49 
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4.2. Treatment Outcomes  
 

SNO Research Question/Topic Main Findings Implications Reference 
1 Identifying risk factors for 

defaulters among patients 
treated under DOTS 
strategy 

Higher likelihood of default among cases 
referred form community survey. Smokers, 
males, alcoholics, aged >45 years were more 
likely to default   

Targeted counseling for 
smokers & alcoholics 
particularly for men is needed 

 Int J Tuberc 
Lung Dis, 2002; 
6(9): 780-88 

2  Shortening short course 
chemotherapy with 
regimens using Ofloxacin 
in the intensive phase 

98% to 99% of patients had three negative 
cultures in the last month of treatment. At the 
end of treatment, only 1% patients with initially 
drug-susceptible TB had an unfavourable 
response; relapse occurred in 19% patients; 
adverse reactions were observed in 31%-44%; 
5% required modification of the regimen. 

Ofloxacin containing regimens 
of 4-5 months achieve >95% 
efficacy with no increased 
incidence of adverse reactions 
and minimal relapses, 
permitting shortening of short-
course chemotherapy 

 Indian J Tuberc 
2002;49:27-38 

3 Default  and its risk factors The cure rate was 76% with an overall default 
rate of 15%, of which nearly three-fourth 
occurred during the intensive phase. Risk 
factors; age >45 years (AOR=1.9), illiteracy 
(1.6), alcoholism (2.7), DOTS inconvenience 
(1.94) & cases identified 
& referred by the community survey (1.8). 
 

Significant number of patients 
defaulted in Intensive phase 

Indian J Tuberc 
2005; 52:197-
202] 

4 Predictors of relapse 
among pulmonary TB 
patients  

12% of 534 ‘cured’ patients relapsed over 18 
months follow-up. 12% relapsed (MDR 4%); risk 
factors: Irregular Rx; smoking; Resistance to 
H/R 

Ensure strict adherence to 
DOTS. Strengthen health 
education 

Int J Tuberc 
Lung Dis 2005; 
9(5): 556-61  
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5 Evaluation of community 
DOT providers in RNTCP  

Treatment success rates: Anganwadi workers 
80%; Governmental outreach workers 81%; 
Community volunteers 76%. PHI staff 76%; 
Patients who received drugs for self-
administration were significantly more; likely to 
fail to treatment or die than patients who were 
treated by a DOT Provider. 

Community volunteers & 
Anganwadi workers can be 
effectively utilized as DOT 
providers 

Indian J Tuberc, 
2005; 52:73-77 

6 Contribution from 4th 
month sputum smear 
examination in declaring 
Rx outcome 

Sputum examination at 2 months into 
continuation phase is required only for patients 
remaining smear positive at the end of IP (7.6% 
in CAT-I & 8.8% in CAT-II) 

Routine sputum examination at 
2 months into CP may be 
deferred..   

Indian J Tuberc 
2006; 53:37-39  

7 Is it worth treating category 
I failure patients with 
Category II regimen?  

Of the 60 category I failure cases: 27% (16 of 
60) of them were culture-negative for M 
tuberculosis and 17% (10 of 60) had organisms 
resistant to Isoniazid and Rifampicin (MDR TB) 
 

Category II regimen for failures 
of category I treatment is 
justified as more than 80% of 
the failures were susceptible to 
Rifampicin. However close 
monitoring of these patients will 
be required.  

Indian J Tuberc 
2005; 52: 2003-
206 

8 Association of conversion 
& cure with initial smear 
grading 

The cure rate decreased 88 – 72% as the initial 
smear grading increased smear grade scanty to 
3+. Similarly, decrease in conversion rate 93 – 
82% with increase in initial smear grading. 

Patients with a 3+ initial smear 
grading need more attention in 
motivating to return to regular 
treatment  

IJMR 2006; 123: 
807-814 

9 Risk factors for non-
adherence to DOT 

33% did not adhere to DOT; the risk factors 
associated with non-adherence were illiteracy 
(39%), difficulty in accessing health facility 
(57%), and nongovernment DOT centre (43%). 

Patients should be educated 
about TB and importance of 
DOT. All DOT centres should be 
made more accessible and 
patient-friendly 

Indian J Tuberc 
2007; 54:66-70 
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10 Evaluation of a non-
Rifampicin continuation 
phase following thrice-
weekly intensive phase for 
the treatment of new 
sputum positive PTB 

Cure rate was 92%; relapse 4.8%; there was no 
emergence of MDR TB among failures and 
relapses; toxicity was low. 

Newly-diagnosed Category I 
patients can be treated with this 
regimen 

Indian J Tuberc 
2007; 54: 84-90 

11 Reasons for non-
compliance among 
patients treated under 
DOTS 

Main reasons given by the patient and DOT 
were: drug related problems (42%, 34%), 
migration (29%, 31%), relief from symptoms 
(20%, 16%), work related (15%, 10%), alcohol 
consumption (15%, 21%), treatment from other 
centers (13%, 4%).  

Intensified motivation and 
counseling are likely to improve 
patient compliance and reduce 
default 

Indian J Tuberc 
2007; 54:130-
135 

12 Health-related quality of 
life among TB patients 

The overall social, physical, mental and 
economic well-being scores were 84, 74, 68 and 
62 on a scale of 100 one year after completing 
treatment 

HRQoL of TB patients one year 
after successful completion of 
treatment under the TB control 
programme was normal for 
most of the domains 

Int J Tuberc 
Lung Dis, 2007; 
11(8):887–892 

13 Effects of weight gain 
among TB patients at the 
end of treatment 

The changes in weight ranged from a loss of 4 
kgs to a gain of 20 kgs at the end of TB 
treatment; the average change in weight was 
3.22 kgs. The gain in weight at the end of 
treatment was associated with age <45 years, 
DOT at Government centres, no problems in 
taking drugs and cure rate 

Need to improve the body 
weight during treatment for a 
successful treatment outcome. 
TB patients should be educated 
on optimizing nutritional intake 

Indian J Tuberc 
2009; 56: 5-9 
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14 Do tuberculosis patients 
weighing less than 35kg 
need more attention?  
 

The mortality among males was 14% and 
among females 6%. This is higher than the 
acceptable national average of 4%. In the 
current series mortality among males weighing 
equal to or less than 35kg group was 2.5 times 
more as compared to females. The treatment 
success rate increased as the body weight 
increased and the increase in trend was 
statistically significant (Trend Chi square 22.0; p 
< 0.001). The adverse reactions observed were 
significantly more among patients weighing were 
weighing equal to or less than 35kg; as 
compared to > 35kg (38% vs 32%; p < 0.001). 
 

To improve the overall 
performance of RNTCP, we  
need to pay more attention to 
patients weighing equal to or 
less than 35kgs 

J Empirical Res 
Social Science. 
2009;4:33-39 
 
 
 
 
 
 
 
 

15 What are the outcome of 
standardized treatment for 
patients with MDR-TB from 
Tamil Nadu , India? 

 

Time to culture conversion was two months or 
less for 82 per cent of patients. Culture 
conversion rates at 3 and 6 months were 84 and 
87 per cent respectively. At the end of 
treatment, 25 (66%) were cured, 5 defaulted, 3 
died and 5 failed. At 24 months, 30 (79%) 
patients, including 5 defaulters, remained culture 
negative for more than 18 months. Twenty two 
(58%) patients reported adverse drug reactions 
(ADRs) which required dose reduction or 
termination of the offending drug. No patient had 
XDR-TB initially, but 2 failure cases emerged as 
XDR-TB during treatment.  

Outcomes of this small group of 
MDR-TB patients treated with 
the RNTCP's Standardized 
Treatment Regimen is 
encouraging in this setting. 
Close attention needs to be paid 
to ensure adherence, and to the 
timely recognition and treatment 
of ADRs.  

 

Indian J 
Med.Res.2011;1
33:529-534. 
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16 What is the the reliability 
and accountability of 
Government health 
workers and community 
volunteers as DOT 
Providers (DPs) and to 
assess treatment outcome 
and problems encountered 
by patients managed by 
different DPs and the 
acceptability of community 
providers in the RNTCP 

Of 303 patients treated, the success rates of the 
patients treated by Government DOT providers 
(GDP) and community DOT providers (CDP) 
were 85.3% (209/245) and 86.2% (50/58) 
respectively. The difference in the success rates 
by GDP and CDP was not statistically 
significant. Among the 259 patients who 
successfully completed treatment, 82% 
(172/209) under GDP and 84% (42/50) under 
CDP were regular for treatment and there was 
no association between the type of DOT 
providers and regularity of treatment. 

Community volunteers could be 
inducted as DPs into the DOTS 
strategy for efficient supervision 
and management of the patients 

Indian J 
Tuberc.2013;60:
89-94.            
 
 
 
 
 
 
 
 
 

17 Profile and response to 
ATT among elderly TB 
patients treated under the 
TB control programme in 
South India 

865 elderly and 4343 younger TB patients were 
examined: elderly were more likely to be male 
(84% vs. 71%), smokers (46% vs.37%), illiterate 
(63% vs. 45%), identified by active case finding 
through survey (19% vs. 11%), have pulmonary 
TB (96% vs. 91%) and initial smear negative 
disease (46% vs. 36%) compared to younger 
(for all p<0.001). Among a total of 352 elderly 
and 1933 younger new smear positive 
pulmonary TB, the elderly had higher loss to 
follow-up (15% vs. 11%; p = 0.03) and death 
rates (9% vs. 4%; p<0.001). M.tb susceptibility 
to first line anti-TB drugs did not differ (elderly 
87% vs. younger 84%) (p = 0.20). Side effects 
related to anti-TB drugs were reported by a 
higher proportion of elderly patients (63% vs. 
54%) (p = 0.005).  

Elderly TB patients are less 
likely to have smear positive 
disease. Newly diagnosed 
elderly TB patients are more 
likely to be lost to follow-up or 
die and report drug side effects. 
Suitable interventions need to 
be developed for effective 
management and better 
treatment outcomes of TB in the 
elderly 

PLoS 
One.2014;9(3):e
88045 

 



40 
 

5. Epidemiology   
 

5.1. Socio-economic aspects 
 

SNO Research 
Question/Topic 

Main Findings Implications Reference 

1 The costs involved for a 
tuberculosis patient 
(DOTS era) 

Pre-Rx direct costs Rs 340; Treatment 
direct costs Rs 100; >50% did not incur 
any indirect costs. Total costs were Rs 
1398. After completing treatment  88%; 
returned to work 
 

DOTS is cost saving to the 
patients and reduces work 
absenteeism 

 Indian J Tuberc, 2005; 52: 
188-196 

2 Intangible costs to 
patients (impact on 
physical, metal & social 
well being)  

At the end of treatment, despite 
microbiological cure, 47% of patients 
continued to have respiratory 
symptoms; 54% of patients perceived 
‘happy mental status’ & no change in 
social stigma in both men & women 

Programme to address issues 
such as continued respiratory 
symptoms, providing social 
support for the needy, timely 
counseling & health education 

Soc Sci Med 2005; 60: 
1845-1853 

3 Economic burden on 
health system 

Unit cost:  
smear microscopy -Rs 10/-;       
radiography -   Rs 25/-;  
CAT-I           Rs 392/-;  
CAT-II          Rs 729/-;  
CAT-III         Rs 277/-.  
Overall unit provider cost to treat a TB 
patient Rs 1587/- to Rs 1924/- 
 

Information is vital for budget 
allocation. It is cost effective (Rs 
1350 for diagnosis alone in  Pre 
DOTS era) 

 Indian J Tuberc 2006; 
53:12-17 
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4 Biological and 
behavioural risk factors 
associated with PTB 

The adjusted prevalence odds ratio for 
age, sex, smoking and alcoholism were: 
3.3, 2.5, 2.1 and 1.5  

Appropriate interventions such as 
effective vaccine and counseling 
of smokers and alcoholics need to 
be introduced  

Int J Tuberc Lung Dis 
2007; 11 (9): 999-1003 

5 A comparison of costs 
to patients with TB 
treated in a DOTS with 
Non-DOTS 

In DOTS and non-DOTS area, the pre-
treatment total costs Rs 600 and Rs 
1,303; during treatment were Rs 316 
and Rs 875; total costs Rs 1,398 and Rs 
2,820. Higher proportion of working 
patients reported absenteeism in the 
non-DOTS area than in the DOTS area 
(72% and 52%). 

DOTS strategy is costs saving to 
patients with TB 

Journal of Health 
Management 2008; 10(1): 
9–24 

6 Perceived stigma 
among TB patients and 
the community 

Perceived stigma: The disease not 
revealed to family (9%), 
friends/relatives/neighbours (49%), 
work-place (63%), reluctant to attend 
social function (27%), felt 
friends/relatives/ neighbors avoiding 
(9%), feeling ashamed to cough (43%), 
felt others looked down upon (32%), 
among unmarried 63% anticipated 
problems in terms of getting married 
due to their disease. Enacted stigma by 
family: 24% felt they were looked down 
upon, 21% not allowed to do house hold 
activities, 10% were kept isolated, 8% 
found change in the behaviour of family 
members, 23% did not receive 

It is essential to adopt supportive 
strategies to enhance acceptance 
and need to provide adequate 
psychosocial support to TB 
patients 

Indian J Tuberc, 2008; 
55:179-187 
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additional care. Among married 
patients, 18% were reluctant to discuss 
their disease with their spouses, 28% 
faced problems in sexual life and 8% 
were (male 7%, female 12%) rejected 
and separated from the spouse. 
Enacted stigma by community: 54% felt 
they were valued ‘less’, 47% 
experienced change in behaviour 
towards them and 9% faced rejection 
due to their disease. Enacted stigma at 
work place: 37% disclosed their disease 
at work place; among them 7% 
experienced change in the behaviour of 
their colleague and 26% had 
discontinued their job. 

7 What is the the 
relationship between the 
TB control experience 
and external aid for TB 
control over a period in 
India? 

Expenditures by the RNTCP had 
increased considerably from US$36 
million in 2002 to US$67 million in 
2008.More funding came from grants 
and a World Bank loan. By March 2006, 
100 percent of the population had been 
covered under RNTCP. Since the 
inception of RNTCP more than 8 million 
patients have been initiated on 
treatment with the treatment success 
rate of 86 percent. 

Having a committed programme 
with good funding has helped in 
improving the performance of the 
TB control programme.  

 

J Health 
Management.2010;12:261–
271 
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5.2. Epidemiology  
 

SNO Research Question/Topic Main Findings Implications Reference 
1 Association between tobacco 

smoking and PTB 
There is a positive association between 
tobacco smoking and PTB (OR 2.5). The 
association also shows a strong dose-
response relationship ORs for mild (1–10 
cigarettes/day), moderate (11–20/day), and 
heavy (>20/day) smokers were 1.75, 3.17, 
and 3.68. The ORs for smokers with <10 
years, 11–20 years, and >20 years of 
smoking were 1.72, 2.45, and 3.23. 

There is a need for 
integration between TB and 
tobacco control programme 

Thorax 2002; 57: 
964-966. 

2 Prevalence of TB at the 
commencement of a DOTS 
programme 

The prevalence of culture-positive and 
smear positive TB was respectively 605 and 
323/ 100 000. Both increased appreciably 
with age, and were substantially higher in 
males than in females at all ages; the overall 
male: female ratio was 5.5 for culture-
positive and 6.5 for smear-positive TB. Over 
three decades there was an overall decline 
of 1.8% per annum in the prevalence of 
culture-positive and 2.1% for smear-positive 
TB. 
 

Information on the 
epidemiological situation at 
the start of the DOTS 
programme in 1999 

Int J Tuberc Lung 
Dis  22000033;;  77((1122))::  
11115544--11116622  

3 Are female patients under-
notified in the programme?  

Prevalence of infection & chest symptoms: 
higher in men (62%vs54%). Prevalence of 
disease: 6.5 times more in males from 
community survey; 4.1 times more in males 
from health facility  

Males are under-notified; 
Need to evolve special 
packages to improve 
notification among males  

Int J Tuberc Lung 
Dis,,  22000044;;  88((33))::  332233--
333322  
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4 What is the ARTI in South 
zone ? 

Among 17 811 children without a BCG scar, 
the prevalence of infection was 5.9%; the 
corresponding ARTI was 1.7%. 

Useful for monitoring TB 
situation 

Int J Tuberc Lung 
Dis 2004; 8(4): 418-
423 

5 Vitamin A levels in sputum 
positive PTB patients  

Mean serum vitamin A in patients at the 
start of treatment was 21.2 mg/dl, which was 
significantly lower than in household 
contacts (42.2 mg/dl) and healthy ‘normals’ 
(48.1 mg/dl). The vitamin A levels in patients 
increased with TB treatment without vitamin 
A supplementation  

Vitamin A supplementation 
may not be necessary, if 
patients are on proper 
treatment  

Int J Tuberc Lung 
Dis 2004; 8(9): 
1130-1133 

6 RFLP analysis using IS6110, 
Infection with multiple strains 
of M.TB 

Less than 0.4% co-infection with two or 
three different strains of M. tb  

Mixed infection is a rare 
phenomenon 

Int J Tuberc Lung 
Dis 2004; 8(2): 267-
270 
 

7 DNA fingerprinting of M.tb 
strains in a rural community 
from high prevalence area 

Forty one percent of strains showed single 
copy of IS6110, which further got 
differentiated into 62 DR and 27 PGRS 
patterns.183 patients out of 451 (40%) were 
clustered in total 44 clusters when analyzed 
by  IS6110 and DR probes. 

A combination of two to three 
genetic markers is able to 
differentiate the most 
endemic strains of M.tb in 
areas with a high incidence of 
tuberculosis. No outbreak or 
hot spot of transmission. 

Infection, Genetics 
and Evolution 
2005;5:67–77 
 

8 Estimation of burden of 
disease 

Total estimated burden 8.5 million.  Bacillary 
cases were 3.8 million. Abacillary cases was 
3.9 million and that for extra-pulmonary 
cases was 0.8 million  

Allows programme planners 
for proper resource 
mobilization 

IInnddiiaann  JJ  MMeedd  RReess  
22000055::112222::224433--224488  

9 Estimation of ARTI among 
children irrespective of BCG 
scar 

The prevalence of infection and ARTI 
estimated among children irrespective of 
BCG scar aged 1-9 years were 5.7% and 
1.0%. Among unvaccinated 5.9% and 1.0%. 

ARTI estimation is useful for 
monitoring TB situation.  

Indian J Tuberc 
2006; 53: 7-11 
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10 What is the relationship of 
ARTI to burden of TB in the 
community ? 

In the disease survey prevalence of TB was 
210 & incidence was 82/100,000 population; 
1% ARTI-51 new & 131 prevalent cases. 

Validates the currently used 
empirical relationship 
between ARTI & incidence / 
prevalence of smear positive 
cases 

Int J Tuberc Lung 
Dis, 2006; 10(1): 
115-117 

11 Estimating the risk of TB 
infection  among children after 
implementing DOTS   

The ARTI estimates in three tuberculin 
surveys: 1.6%, 1.4% & 1.2% The annual 
decline from the first to the third survey 6% 

Significant decline in the 
trend of TB infection after 
DOTS implementation  

Int J Tuberc Lung 
Dis  22000066;;  1100((33))::334466--
334488  

12 Status of bacillary TB cases 
identified in a community 
survey 

There was a significant reduction in deaths 
from 23% to 17%, and an increase in the 
proportion of cases negative by smear 
and/or culture from 54% to 58% in the pre-
SCC and SCC cohorts to 80% in the DOTS 
cohort.  

The DOTS strategy has a 
significant influence on TB 
epidemiology 

Int J Tuberc Lung 
Dis, 2006; 10(4): 
466-468 

13 ARTI in South zone ARTI during 1999-2001 was 1.6% in both 
vaccinated and unvaccinated children; 
during 2001-2005 was 1.4% and 1.2% in 
both vaccinated and unvaccinated children. 

TB infection was similar 
among unvaccinated and 
vaccinated children 

Indian J Med Res 
2006; 124: 71-76 

14 Prevalence of TB in different 
economic strata (Standard of 
Living Index) 

Prevalence of TB / 100,000:  Low SLI         
343; Medium SLI   169; High SLI  92 

Bacillary TB is more among 
low SLI & TB impoverishes 
poor further 

Int J Tuberc Lung 
Dis 2007 ; 11 (9): 
1042 -1045 

15 Epidemiological impact of 
DOTS 

Between 1968 & 1999, the decline in 
prevalence of culture-positive TB was 2.1% 
per annum, compared to 11.9% after DOTS 
implementation. The smear positivity 
decreased by 0.9% in the pre SCC era  4.1% 
in the SCC era & 5.6% after DOTS 
implementation   

DOTS accelerated the 
decline in prevalence of TB 

Int J Epidemiology 
2007; 36: 387-393 
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16 Additional risk to household 
contacts from an infectious 
case of TB at home  

The annual incidence of culture-positive TB 
was respectively 526 and 271 per 100 000 
population for contacts of smear-positive and 
smear-negative patients, and 198/100 000 in 
non-contacts. The adjusted hazard rate was 
3.4 for contacts of smear-positive patients 
and 1.7 for contacts of smear-negative 
patients as compared to non-contacts. 8.5% 
incident cases came from households with a 
TB case. 
 

Chemoprophylaxis for 
contacts needs to be 
strengthened. 

Int J Tuberc Lung 
Dis 2007; 11(3): 
282-288 

17 Status of smear-positive TB 
patients at 2-3 years after 
initiation of treatment under 
DOTS 

The overall mortality rate was 15.0% and 
among the remaining, 18.6% had active 
disease. Higher mortality rate (AOR): 2.2 
aged >40 years, 2.8 males, 2 unemployed, 
10.5 defaulter/failures and 2.8 body weight 
on admission <40 kg. The mortality rate and 
those who had active TB was high among 
smear positive cases followed up at 2-3 
years after the initiation of treatment. 

Treated TB patients, 
particularly smear positives 
need follow-up. 

Indian J Tuberc 
2007; 54:199-203 

18 Excess mortality due to TB The excess standardized general mortality 
ratio was 4.2. High SMR values were 
obtained for patients 15–44 years age group 
(12.1), Category II (9.3), failures (9.1) and 
defaulters (7.8). The adjusted hazards ratios 
were high for patients aged 45–59 years 
(1.9), > 60 years (3.1) and with incomplete 
treatment due to default or failure (6.4). 

DOT providers need to be 
selected carefully to 
minimize patient default 

Int J Tuberc Lung 
Dis 2008; 12(1): 81-
86 
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19 Impact of improved treatment 
success on the prevalence of 
TB 

The proportion of patients who completed 
treatment successfully was 75.3% by DOTS 
(1999-2001) compared to the 51-55% 
reported during pre-DOTS (1985-1991). The 
prevalence of smear positive was 252 vs. 
323 per 100,000; annual decline of 9%. 
Similarly, culture-positive TB cases was 443 
vs. 605; annual decline 11%. 

A higher proportion of 
successful completion of TB 
treatment will reduce the 
prevalence of TB. 

Indian J Tuberc 
2008; 55:22-27 

20 Survival probability of TB 
patients during treatment 

Of the 3818 TB patients who were initiated 
on treatment, 96, 94 and 97% of category I, 
II and III respectively, were surviving after 
completion of treatment. 

TB is curable with more than 
94% probability to survive 
irrespective of categories of 
treatment. TB deaths can 
avoidable 

Indian J Tuberc 
2008; 55:64-69 

21 Epidemiological impact of 
DOTS 

TB prevalence declined by about 50% in 5 
years (2001-2006), from 609 to 311 per 100 
000 population for culture-positive TB and 
from 326 to 169/100 000 for smear-positive 
TB. The annual rate of decline was 12.6% 
for culture-positive TB and 12.3% for smear-
positive TB. The decline was similar at all 
ages and for both sexes 

DOTS accelerated the 
decline in prevalence of TB 

Int J Tuberc Lung 
Dis 2008; 12(8): 
916-920 

22 ARTI in Chennai city The prevalence of infection among children 
without BCG scar was estimated to be 10.5 
% (ARTI of 2.0%) and was similar to that 
among children irrespective of scar status. 
The prevalence of infection was higher 
among children in slum areas (11.1%; ARTI 
2.1%) compared to non-slum areas (8.9%; 
ARTI 1.7%).  

Risk of infection was higher 
in urban city area than rural 
areas 

Indian J Tuberc 
2008; 55: 157-161 
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23 Prevalence survey of 
pulmonary TB disease in the 
tribal population of Madhya 
Pradesh state, central India 

Overall prevalence (culture and/or smear 
positive) of PTB was 387 [95% confidence 
interval (CI): 273–502] per 100 000 
population. 

TB prevalence in tribal and 
non tribal populations is not 
different 

Indian J Med Res  
2009;38:1026–1032 

24 RFLP analysis using IS6110, 
DR, & PGRS in high 
prevalence area  

Clustering 38%; Endogenous reactivation  
62% 

Sustained commitment and 
early case detection are 
needed for TB control. 

J Clin Microbiol, 
2002; 4785-4788. 

25 What is the association 
between biomass fuel usage 
and sputum-positive 
pulmonary tuberculosis.  

 

The unadjusted OR measured from 
univariate analysis for biomass fuel is 2.9 
(95% CI 1.8 to 4.7). The adjusted OR 
measured from multivariate analysis using 
Cox regression is 1.7 (95% CI 1.0 to 2.9). 
Thirty-six percent of cases are attributable to 
biomass fuel usage. The findings from this 
case–control study add to the evidence for 
an independent association between 
biomass smoke and pulmonary tuberculosis 

Improvement in standards of 
living brought about by 
economic development will 
lead to more people using 
cleaner fuels for cooking 
than biomass fuel which in 
turn will lead to a reduction in 
the occurrence of pulmonary 
TB in the community.  

 
Thorax.2009;64:705
-708. 

26 What is the prevalence of DR-
TB in the state of Gujarat, 
India? 

Of 1571 isolates from new patients, 1236 
(78.7%) were susceptible to all first-line 
drugs, 173 (11%) had any INH resistance 
and MDR-TB was found in 37 (2.4%, 95%CI 
1.6–3.1). Of 1047 isolates from previously 
treated patients, 564 (54%) were susceptible 
to all first-line drugs, 387 (37%) had any INH 
resistance and MDR-TB was found in 182 
(17.4%, 95%CI 15.0–19.7%). Among 216 
MDR-TB isolates, 52 (24%) were ofloxacin 
(OFX) resistant; seven cases of extensively 
drug-resistant TB (XDR-TB) were found, all 
of whom were previously treated cases.  

MDR-TB prevalence remains 
low among new TB patients 
in Gujarat, but is more 
common among previously 
treated patients. Among 
MDR-TB isolates, the 
alarmingly high prevalence 
of OFX resistance may 
threaten the success of the 
expanding efforts to treat 
and control MDR-TB.  

 

 Int J Tuberc Lung 
Dis.2009;13:1154–
1160. 
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27 What is the prevalence of 
pulmonary TB among the 
Bharia, a primitive tribe of 
Madhya Pradesh,? 

The overall prevalence of pulmonary TB was 
found to be 432 per 100 000 population —
not dissimilar to that seen in the wider 
population in India . 

There is an urgent need to 
strengthen TB services in the 
area to improve access for 
this group 

 Int J Tuberc Lung 
Dis.2010;14:368-
370 

28 What is the prevalence of 
pulmonary TB amongst the 
Baigas – A primitive tribe of 
Madhya Pradesh, Central 
India? 

Overall prevalence of PTB was 146 (95% 
C.I: 0 - 318) per 100,000 population. 

The findings suggest that TB 
is not a major public health 
problem amongst this tribal 
group. However, there is still 
the need to maintain and 
further strengthen TB control 
measures on sustained and 
long term basis in the area. 

Indian J Tuberc. 
2010;57:114-116. 
 

 
6. Pediatric TB 
 

SNO Research Question/Topic Main Findings Implications Reference 
1 Contact screening and 

chemoprophylaxis 
Of 220 contacts aged <14 years, 14% had 
been screened for TB, and that of 84 
household children aged <6 years, only 16 
(19%) had been initiated on IPT 

Focused training may help 
improve the implementation 
of contact screening and INH 
Preventive Therapy  

Int J Tuberc Lung 
Dis,2009; 
13(12):1507–1512 

 
7. Miscellaneous  

 
SNO Research Question/Topic Main Findings Implications Reference 

1 Is BCG effective ? The disease risk in survivors over 15 years 
was 3.3% (5.0% in males and 1.6% in 
females), and varied substantially with both 
age and sensitivity to PPD-S at intake.  

BCG had no protective 
effect in the community at 
large 

Int J Tuberc Lung Dis 
2003; 7(11): 1083-
1091 
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2 Performance of a DOTS 
programme: administrative & 
technical challenges 

Non-availability of staff, inadequate 
supervisory visits & review meetings is 
associated with poor treatment outcomes 

Ensure availability of key 
staff, regular supervisory 
visits and review meetings  

Indian J Tuberc, 
2006; 53: 123-134 

3 Non-tuberculous infection and 
the efficacy of BCG  

Neither strain of BCG had any effect. The 
failure to protect was seen in both males 
and females, and in children and adults. 
However, in a subset of over 40,000 
subjects who were also nonreactors to PPD-
B, BCG had a low level of protection, i.e., 
32%  

BCG was of little value in 
preventing sputum positive 
cases of pulmonary TB. 

Indian J Med Res 
2006; 123:119-124 

4 Effective communication 
channels in a rural Community 

The main source of communication as per 
interview was television (100%), wall 
posters (55%); publicity through panchayat 
office meetings (53%) and dandora or beat 
of drums (43%) 

Television, wall posters; 
panchayat office and 
dandora to be used for 
educating the rural 
community 

Indian J Tuberc, 
2006; 53: 196-200 

5 Content of certain anti-TB 
drugs supplied at RNTCP in 
the state of Tamil Nadu, India 

More than 90% of tablets of rifampicin 
450 mg, isoniazid 300 mg, pyrazinamide 
500 and 750 mg, ethambutol 400 and 
600 mg and ethionamide 250 mg were 
within acceptable limits. Eighty per cent of 
rifampicin 150 mg, 21% of cycloserine 
250 mg and 87% of levofloxacin 500 mg 
were within acceptable limits. The mean 
cycloserine content was below the 
acceptable limit in all districts, the mean 
drug content being 200 mg.This study 
showed that drug content of cycloserine was 
not reached in all districts. 

 

Deterioration of cycloserine 
could be minimized by 
storing the drug in 
refrigerators. The 
geographical location of the 
districts had no influence on 
the drug content. 

Trop Med Int 
Health.2013;18:1141-
1144.        



6  CHALLENGES

6.1  Ownership of the programme

The roles of each partner in MDP were clearly defined at the begining. These included 

the implementation of DOTS by the State government and the assessment of the 

programme by NIRT.  However, there was a perception by the state government staff 

that the programme belonged to NIRT.  Thus, there was lack of the ownership of the 

programme and it's performance by the state government.  

6.2  Frequent changes in leadership at the state/district level

Recognizing the importance of political and administrative commitment, NIRT 

undertook major efforts to continuously engage and dialogue with the key state-level 

stakeholders.  However, frequent changes in administrative staff caused difficulties and 

delays in some operational aspects of the programme. 

6.3  Phasing out and sustainability

The MDP was a five-year project with additional inputs to the area. During this period, 

NIRT filled staff vacancies at the microscopy centres and TU.  At the end of the project, 

these staff was phased out.  Currently, while the state government has tried to post 

additional staff, all vacancies are not yet filled leading to sharing of staff between PHCs. 

Thus, there is likelihood of slump in the quality of activities. 
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7  KEY LESSONS 

7.1  It is feasible to expand the role of a research institute to contribute to improved 

programme implementation and monitoring—this leads to value added for the 

programme as well as increased institutional capacity.

7.2  A research institute and a programme implementing agency can work syner- 

gistically for mutual capacity enhancement.

7.3  There is a wealth of data generated through routine programme monitoring that can 

be analysed to generate evidence for improved programme practices.

7.4  Ongoing advocacy is required to engage key stakeholders and assuring their 

administrative and political commitment. 

7.5  Successful collaborative partnerships can be built between multiple Government 

and Non-Government agencies through constant dialogue. 

7.6  Undertaking operational research and developing the tools to address the 

appropriate research questions and analysis & documentation of the findings requires 

involvement of a research institute to work with the programme personnel. 

7.7  Relatively fast initiation of the project was possible with leadership and drive.  

7.8  Building operational research into the programme facilitated monitoring and 

supervision; the feedback of the results to the programme in turn helped in generating 

evidence for changing programme practices and policies.

7.9  Timely and effective disbursement of allocated funds helped in implementation.  

Creative and strategic planning for fund disbursement was possible due to the available 

flexibility for utilization. 
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ANNEXURE I 
 

Abbreviations

AFB Acid Fast Bacilli MGIT     Mycobacterial Growth Indicator Tube

AOR Adjusted Odds Ratio MTb     Mycobacterium Tuberculosis

BCG Bacilli Calmétte Guerin NALC N-Acetyl L Cysteine

CI      Confidence Interval NIRT   National Institute for Research in
    Tuberculosis

CPC    Cetlyl Pyridinium Chloride NRL     National Reference Laboratory

CTD    Central TB Division PHI  Peripheral Health Institute  

DMC Designated Microscopy  PhAS Phosphate Ammonium Sulphate

  Centre  

DOTS Directly Observed  PPD  Purified Protein Derivative

  Treatment, Short-course 

DP      DOTS Provider PTB Pulmonary Tuberculosis

DTC  District Tuberculosis Centre RL Reference Lab

EQA External Quality    RNTCP Revised National Tuberculosis 

  Assessment  Control Programme

FM   Fluorescent Microscope SCC Short Course Chemotherapy

ICMR   Indian Council of  SLD Second Line Drugs

  Medical Research 

IEC  Information Education  STLS  Senior TB Lab Supervisor

  and Communication 

IRL   Intermediate  Reference  STS Senior Treatment Supervisor

  Laboratory 

IUATLD International Union Against TB Tuberculosis 

  TB and Lung Diseases 

LED  Light Emitting Diode TU       TB Unit

LQAS Lot Quality Assurance  TRC Tuberculosis Research Centre

  Sampling 

LT  Lab Technician USAID United States Agency for International     
    Development

MDP Model DOTS Project WHO World Health Organization 

MC   Microscopy Centre XDR-TB Extensively Drug Resistant   

     Tuberculosis

   ZN Ziehl  Neelsen
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ANNEXURE II  

Publications

1  Access, screening and diagnosis of TB

1.1  Tools for TB diagnosis

1.1.1. Selvakumar N, Rehman F, Garg R, Rajesekaran S, Mohan NS, Thyagarajan 
K, Sundaram V, Santha T, Frieden TR, Narayanan PR. Evaluation of the phenol 
ammonium sulfate sedimentation smear microscopy method for diagnosis of 
pulmonary tuberculosis.  J Clin Microbiol 2002; 40: 3017-3020.

1.1.2. Selvakumar N, Rehman F, Rajasekaran S, Narayanan PR, Frieden TR. 
Inefficiency of 0.3% carbol fuchsin in Ziehl-Neelsen staining for detecting acid-fast 
bacilli. J Clin Microbiol 2002; 40: 3041-3043.

1.1.3. Selvakumar N, Prabhakaran E, Rehman F, Frieden TR, Santha T. Washing of 
new microscopic glass slides in dichromate solution does not influence sputum AFB 
smear results.  Int J Tuberc Lung Dis 2002; 6: 270-272. 

1.1.4. Selvakumar N, Gomathi M, Rehman F, Narayanan PR. Evaluation of two-
reagent cold staining method for detection of acid-fast bacilli. Int J Tuberc Lung Dis 
2002; 6: 728-731.

1.1.5. Selvakumar N, Govindan D, Naik AC, Frieden TR, Narayanan PR. Processing 
sputum specimens in a refrigerated centrifuge does not increase the rate of isolation 
of Mycobacterium tuberculosis.  J Clin Microbiol 2003, 41: 469-471.

1.1.6. Rani B, Rajeswari R, Nayak AC, Duraipandian P, Karunakaran K, Narayanan 
PR. A double-blind study of oral salbutamol supplement and repeat sputum smear 
microscopy in enhancing diagnosis of smear-negative tuberculosis in South India. 
Indian J Tuberc 2004; 51 : 191-198.

1.1.7. Selvakumar N, Sudhamathi S, Duraipandian M, Frieden TR, Narayanan PR. 
Detection by Ziehl-Neelsen method of acid-fast bacilli in sputum samples preserved 
in cetylpyridinium chloride solution.  Int J Tuberc Lung Dis 2004; 8: 248-252.

1.1.8. Gopi PG, Subramani R, Santha T, Selvakumar N, Eusuff SI, Narayanan PR.  
Smear examination of two specimens for diagnosis of pulmonary tuberculosis in 
Tiruvallur district, South India, 2001. Int J Tuberc Lung Dis 2004; 8: 824-828.

1.1.9. Santha T, Garg R, Subramani R, Chandrasekaran V, Selvakumar N, Sisodia 

RS, Perumal M, Sinha SK, Singh RJ, Chavan R, Ali F, Sarma SK, Sharma KM, 

Jagtap RD, Frieden TR, Fabio L, Narayanan PR. Comparison of cough of 2 and 3 

weeks to improve detection of smear-positive tuberculosis cases among out-patients 

in India. Int J Tuberc Lung Dis 2005; 9: 61-68.

1.1.10. Selvakumar N, Sivagamasundari S, Prabhakaran E, Govindaraju R,   

Perumal M, Granich R, Wares F, Chauhan LS, Narayanan PR. Storage of heat-fixed 

unstained sputum AFB smears for panel testing in a Tuberculosis unit in South India. 

Int J Tuberc Lung Dis 2005; 9: 223-225.
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1.1.11. Selvakumar N, Gomathi Sekar M, Ilampuranan KJ, Ponnuraja C, Narayanan 

PR. Increased detection by re-staining of acid-fast bacilli in sputum samples 

transported in cetylpyridinium chloride solution. Int J Tuberc Lung Dis 2005; 

9: 195-199.

1.1.12. Selvakumar N, Murthy BN, Prabhakaran E, Sivagamasundari S, Vasanthan 

S, Perumal M,  Govindaraju R, Chauhan LS, Wares F, Santha T, Narayanan PR. Lot 

quality assurance sampling of sputum acid-fast bacillus smears for assessing 

sputum smear microscopy centers.  J Clin Microbiol 2005; 43: 913-915.

1.1.13. Selvakumar N, Gomathi Sekar M, Rehman F, Syam Sunder A, Duraipandian 

M, Wares F, Narayanan PR. Comparison of variants of carbol-fuchsin solution in 

Ziehl-Neelsen for detection of acid-fast bacilli. Int J Tuberc Lung Dis 2005: 

9(2): 226-229.

1.1.14. Selvakumar N, Kumar V, Gopi PG, Sivagamasundari S, Prabhakaran E, 

Vasanthan S, Narayanan PR.  Proficiency to read sputum AFB smears by Senior 

Tuberculosis Laboratory Supervisors under training at a reference laboratory in 

India. Indian J Tuberc 2005; 52: 11-14.
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S, Govindaraju R,  Perumal M, Wares F, Chauhan LS,  Santha T,  Narayanan PR.   

Application of lot sampling of sputum AFB smears for assessment of microscopy 

centres. Int J Tuberc Lung Dis 2005; 9: 306-309. 

1.1.16. Radhakrishna S, Frieden TR, Subramani R, Narayanan PR. Value of dual 

testing for identifying tuberculous infection. Tuberculosis 2006; 86: 47–53.

1.1.17. Gopi PG,  Subramani R, Sadacharam K, Narayanan PR. Yield of pulmonary 

tuberculosis cases by employing two screening methods in a community survey.  Int 

J Tuberc Lung Dis 2006; 10: 343-345.

1.1.18. Selvakumar N, Gomathi Sekar M, Kumar V, Bhaskar Rao DV, Rehman F, 

Narayanan PR. Sensitivity of Ziehl-Neelsen method for centrifuged deposit smears 

of sputum samples transported in cetyl-pyridinium chloride. Indian J Med Res 2006; 
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1.1.19. Selvakumar N, Kumar V, Sivagamasundari S, Narayanan PR. Contamination 

of stored sputum AFB smears with environmental mycobacteria. Int J Tuberc Lung 

Dis 2006; 10: 1299-1301. 

1.1.20. Thomas A, Chandrasekaran V, Paulin J,  Bhaskar Rao DV, Patil AB, Jain DK, 

Chowdhary D, Saibabu, Mahapatra S, Santha T, Wares F, Narayanan PR. Increased 
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