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Abstract

Background

Lack of TB incidence data is an important evidence gap among Saharia–a high TB burden

indigenous community in Madhya Pradesh, central India. The present study was under-

taken to calculate the incidence of pulmonary tuberculosis in this tribe.

Objective

To calculate the incidence of pulmonary tuberculosis (PTB) among the Saharia tribal popu-

lation in Madhya Pradesh, central India.

Methods

A prospective cohort study was conducted among the Saharia tribal population (aged 15

years and above) of Shivpuri district in Madhya Pradesh state in central India. A total of

9,756 individuals were screened for TB in the baseline TB prevalence survey during 2012–

13. All available household members were screened for symptoms suggestive of pulmonary

TB (presumptive TB). Two sputum specimens were collected from persons having symp-

toms suggestive of TB and examined by smear and culture tests. A cohort of all non-TB indi-

viduals in the baseline survey was followed-up for one year and re-screened for the

sysmptoms of PTB in the year 2014–15. Based on the data collected, the incidence of TB

over one year period was estimated per 100,000 population.

Results

A total of 9756 and 9044 individuals (� 15 years) were screened for symptoms suggestive

of PTB during baseline and endline surveys respectively. The sputum specimens of pre-

sumptive TB cases were collected and examined by smear and culture tests. The overall

incidence of bacteriologically positive (smear and/or culture) PTB over one year period was
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1504 (95% Confidence Interval (CI): 1273–1776) per 100,000 in the study population, the

incidence of smear-positive PTB was 1106 (95% CI: 910–1343), and the incidence of cul-

ture-positive PTB was 1084 (95% CI: 890–1319) per 100,000 population. The incidence for

both smear and culture-positive PTB was 686 (95% CI: 535–878) per 100,000 population in

the year 2014–15. The incidence of PTB was 2.8 times higher in males compared to females

(2259 vs 807 per 100,000) and was positively correlated with age.

Conclusion

The findings of the study, the first of its kind in the Saharia tribal population, indicate a high

incidence of TB in this tribal community thereby highlighting the urgent need for focused and

intensified efforts to achieve the goal of TB elimination in the country.

Introduction

Millennium Development Goals in 2000 was a landmark step taken by 189 countries in their

commitment to ‘meet the needs of the world’poorest. Goal number eight was to ‘stop the

increase and start reversing the incidence of tuberculosis (TB) by 2015’[1]. Further, the Sus-

tainable Development Goal (SDG) -3 reiterated reductionof TB incidence by 80% and TB

deaths by 90% by 2030. To achieve this goal, information on the incidence of TB over a period

is needed. The incidence studies are rarely conducted due to logistical problems and are very

expensive. Hence, TB prevalence surveys and TB notifications are mainly used to estimate the

incidence rates. Of the estimated 9.96 million incident cases of TB globally in 2019, 2.64 mil-

lion occurred in India alone accounting for more than a quarter of the world’s TB cases [2].

In the year 2017, India set the target of ending TB in the country by the year 2025 and

framed a New Strategic Plan (NSP). The NSP provides strategies to bring down the TB disease

during the period 2015–2025 and aims at time -bound reduction of TB incidence from 217 per

100,000 in 2015 to 142, 77 and 44 per 100,000 in 2020, 2023 and 2025 respectively [3]. The

NSP proposed bold strategies with adequate resources for the rapid decline of TB incidence by

2025 in the country. This is five years ahead of the global End TB targets under Sustainable

Development Goalsto attain the vision of TB free India by 2025.

The high TB burden in the tribal population is a major challenge for the National TB Elimi-

nation Programme (NTEP) [4–6]. Limited access to health facilities combined with poverty,

under-nutrition, tobacco and alcohol abuse makes management of TB difficult in tribal popu-

lation. Saharia is one of the Particularly Vulnerable Tribal Groups (PVTGs) in the central

Indian state of Madhya Pradesh and has the highest reported tuberculosis prevalence in the

country ranging from 1270 to 3294 per 100000 population [7–9]. This is more than ten times

compared to the national estimated prevalence of 320 per 100000 population. In contrast, the

prevalence amongst two other PVTGs in the state, the Bharias and the Baigas, was found to be

430 and 150 respectively [5, 10]. Saharias usually inhabit a small group of hamlets known as

’Saharana’ adjacent to the main village. It is one of the most vulnerable populations suffering

from poverty and unhygienic/ overcrowded living conditions. They are socio-economically

underdeveloped with poor nutritional status. Most community members earn their livelihood

as daily wage workers or labour in agriculture farms and migrate from one place to other in

search of livelihoods [11, 12]. The remoteness of tribal habitats, low health literacy, practically

non-existent public transport facilities, illiteracy and preference for traditional healers make
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TB management further difficult in Saharia tribal population [13–15]. Measuring, monitoring,

and evaluating the performance of TB control activities by using available data is useful to for-

mulate appropriate interventions and to modify TB control plans. Incidence of TB is one of

the indicators of the risk of disease or the probability of developing the disease during the spec-

ified period. The present study was undertaken to calculate the incidence of pulmonary tuber-

culosis (PTB) among the Saharia tribe, a high TB burden community in Madhya Pradesh,

central India.

Methodology

Study area and population

A prospective cohort study was conducted in thePohri block of Shivpuri district among

Saharia tribal population. The total population of Pohari Block was enumerated as 207,352 in

2011 census. The highest concentration of the Saharia tribe is in the Pohari block with a popu-

lation of 36,415 spread in128 villages [16]. The baseline TB prevalence survey was conducted

in 53 selected villages in 2012–13 to cover the estimated sample sizeand to establish the cohort

of non-TB population. All non-TB individuals in the baseline survey were followed-up for one

year and re-screened for the symptoms of PTB in the year 2014–15.

Data collection

A house to house census was carried out during the baseline survey by trained field investiga-

tors and all individuals in the household were registered. All available household members

aged 15 years and above were screened for symptoms suggestive of TB such as persistent

cough for�2 weeks, fever�1 month, chest pain for�1 month and history of haemoptysis

within the last six months. Two sputum specimens were collected from the persons with any

one of these symptoms (presumptive TB) and examined by smear and culture tests. The smear

microscopy grading was done as per the NTEP guidelines. For culture, the samples were pro-

cessed by modified Petroff’s method, inoculated on two slopes of Lowensten Jensen (LJ)

medium and incubated for eight weeks. M.tuberculosis growth was confirmed by biochemical

tests like niacin test, catalase test at 68˚C and growth on LJ with PNB (500ug/ml).Non-tuber-

culous mycobacteria detected were also recorded and reported. Further, a house to house cen-

sus was carried out in the endline survey and all non TB individuals in the baseline survey

were revisited and screened for symptoms suggestive of TB. The same screening tool was used

in both the baseline and endline surveys. All the detected cases were referred to NTEP for

treatment. The project staff ensured that treatment was initiated.

Sample size and sampling

The baseline TB prevalence survey was carried out in 2012–13 in the Saharia population resid-

ing in the Pohari block. The sample size was calculated as 9225 for the assumed prevalence of

1518 per 100,000 bacteriologically positive TB, with a precision of 25% at a 95% confidence

level, a design effect of 2 for cluster sampling, and coverage for examination of at least 90%. A

village was considered as a sampling unit for the study and all available eligible residents (15

+ years) of selected villages were screened for symptoms of TB. The adjoining villages were

selected to cover the estimated sample size of 9225 individuals. The cohort of individuals

screened and found as non-TB in the baseline survey was followed up to one year for the

occurrence of symptoms of TB. The endline survey was carried out in the year 2014–15 in the

cohort of non TB individuals in the baseline survey. All the individuals included in the baseline

survey were given an unique identification number for follow up in the endline survey.
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Data management

The data entry software was developed using the Census and Survey Processing System

(CSPro) package version 5.0. The data entry format was developed with logical expressions

and conditional statements were used to minimize the errors in data entry. Data were analysed

using the Statistical Package for Social Sciences software, version 20.0 (IBM, Armonk, NY,

USA). The incidence of pulmonary TB was calculated per 100,000 population with 95% confi-

dence intervals and the incidence of PTB was further stratified by age and sex.

Incidence of tuberculosis

A pulmonary TB case was defined as an individual whose sputum was positive for AFB by ZN

microscopy and/or growth of M. tuberculosis by solid culture examination i.e. bacteriologically

positive. Incidence of TB was defined as the number of new cases occurring within a period of

one year time between baseline and endline surveys and was estimated per 100,000 population.

Only bacteriologically confirmed cases from the endline survey were used to estimate the inci-

dence. As per WHO, it is termed as “bacillary case incidence” between two surveys [7]. Since

smear and culture are most commonly used diagnostic tools for TB diagnosis, seperate inci-

dence estimates for smear and culture were provided along with the total incidence of

tuberculosis.

Ethical issues

The study was approved by the Institutional Ethics Committee of ICMR—National Institute of

Research in Tribal Health, Jabalpur. The trained field investigators approached eligible indi-

viduals and explained the procedures, risks and benefits of the study in the local language.

Written informed consent was obtained from all individuals willing to participate. In the case

of minors, consent was obtained from the parents/guardians. Participation in the study was

voluntary, and participants were able to withdraw at any time. All positive patients for TB

were referred and linked to National Tuberculosis Elimination Programme (NTEP) and free

counselling was provided to motivate patients to complete a full course of treatment.

Results

A total of 9756 individuals were screened for the sysmptoms suggestive of PTB (Presumptive

TB)_ at the baseline survey (Table 1 and Fig 1). Of these 1463 had symptoms suggestive of PTB

and 293 were confirmed as bacteriologically positive PTB and were excluded. Among 9463 non-

TB population enumerated in the baseline survey, 419 individuals were not included in the end-

line survey due to non-availability (12), death (218) and other reasons (189). (Table 2 & Fig 1).

Table 1. Age-sex wise PTB cases (smear and/or culture positive) in the baseline survey.

Background characteristics Popu Screened Presumptive TB Tested (Smear/culture) PTB cases Non TB population

Sex Male 4781 1060 1038 231 4550

Female 4975 403 392 62 4913

Age 15–24 2853 159 152 35 2818

25–34 2616 335 325 66 2550

35–44 1783 316 312 62 1721

45–54 1391 355 346 78 1313

55+ 1113 298 295 52 1061

Total 9756 1463 1430 293 9463

https://doi.org/10.1371/journal.pgph.0000039.t001
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Thus, a cohort of 9044 non-TB individuals in the baseline survey was re-screened in the endline

survey for sysmptoms of PTB. A total of 683 individuals had symptoms suggestive of PTB and

136 were bacteriologically positive.The calculated incidence of PTB in the Saharia tribe residing

in the study area over the one year period was 1504 per 100,000 population (95% CI: 1273–

1776). Of the 136 bacteriologically positive TB cases,100, 98 and 62 cases were diagnosed as

smear- positive, culture- positive and both (smear and culture) positive new PTB cases respec-

tively. The calculated incidence of PTB was 1106 (95% CI: 910–1343), 1084 (95% CI: 890–1319)

and 686 (95% CI: 535–878) per 100,000 population for smear- positive, culture- positive and

both (smear and culture) positive respectively

Concerning gender, the incidence of bacteriologically positive PTB was 2.8 times higher in

males as compared to females (2259 vs 807 per 100,000) (Fig 2). The incidence rate was

Fig 1. Flow chart of activities. Note: Detected NTB cases were excluded from TB cases.

https://doi.org/10.1371/journal.pgph.0000039.g001
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positively correlated with age, as incidence of bacteriologically positive (smear and/or culture)

PTB increased with age. The highest incidence rate was noted among those aged 55 years and

above (2421 per 100,000 population) (Fig 3).

The incidence of smear and culture positive cases was higher among males compared to

females. The incidence of smear positive PTB was 3.1 times (1706 vs 552) and the culture posi-

tive PTB was 2.8 times higher (1637 vs 574 per 100000) among males as compared to females.

It was also observed that as age increased, the incidence of smear and culture positive TB also

increased. However, the highest incidence of smear-positive (1820 per 100,000 population)

PTB was among 35–44 years, whereas culture positive PTB was highest among those aged 55

years and above (1895 per 100,000 population).

The incidence of both smear and culture-positive PTB was 3.4 times higher in males as

compared to females (1083 vs 319 per 100000). It was also observed that as age increased, the

Table 2. Age-sex wise incidence of PTB (smear and/or culture positive) in the endline survey.

Background

characteristics

Non-TB individuals NA Death Others Popu Screened Presumptive TB Tested New TB cases Incidence per 1,00,000 95% CI

Sex M 4550 3 120 89 4338 475 475 98 2259 1857─2745

F 4913 9 98 100 4706 208 208 38 807 589─1106

Age 15–24 2818 5 24 71 2718 69 69 17 625 391─999

25–34 2550 3 15 52 2480 130 130 30 1209 848─1721

35–44 1721 0 31 41 1649 163 163 37 2245 1633─3079

45–54 1313 1 49 16 1247 182 182 29 2326 1624─3320

55+ 1061 3 99 9 950 139 139 23 2421 1619─3607

Total 9463 12 218 189 9044 683 683 136 1504 1273─1776

https://doi.org/10.1371/journal.pgph.0000039.t002

Fig 2. Incidence (smear and/or culture positive) of PTB by sex.

https://doi.org/10.1371/journal.pgph.0000039.g002
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incidence of both smear and culture-positive PTB also increased. The highest incidence of

both smear and culture-positive PTB was among those aged 45–54 years and above (1123 per

100,000 population), which declined to 842 per 100000 (95% CI: 427–1653) among those 55

years and older ages. (Table 3)

Discussion

The present study is the first of its kind from India which was conducted among Saharia, one

of the Particularly Vulnerable Tribal Groups (PVTG) in Madhya Pradesh, central India to esti-

mate the incidence of PTB. Though TB incidence studies have been conducted in different set-

tings [17–20], our findings have high validity since we have followed-up the same population

at two time points to find out new PTB cases occurring during one year period. The salient

finding from this study is the PTB incidence of 1504 per 100,000 population in Saharia tribe

which is very high as compared to the national average of 217 per 100,000 population [3]. Sim-

ilar findings of high TB burden have been reported among indigenous population globally [21,

22]. In India, studies conducted in other indigenous groups reported TB prevalence rates rang-

ing from 133 to 840 per 100 000 in different parts of the country [5, 11, 23–26]. Our finding

highlights an alarmingly high level of bacteriologically confirmed PTB incidence in this disad-

vantaged community. This information becomes very vital for policy makers and the NTEP

being the baseline for monitoring the impact of various interventions for TB control in this

population. The high TB incidence necessitates a relook at the current interventions being

implemented among Saharias to control TB from an effectiveness perspective. During the

study period, various interventions were offered to all the individuals in the cohort viz. door-

to-door screening for tuberculosis and ensuring free DOT (Directly Observed Treatment)

under NTEP. In addition, contact tracing and preventive tuberculosis treatment for children

was also done in the study area as per NTEP guidelines.

Fig 3. Agewise incidence (smear and/or culture positive) of PTB.

https://doi.org/10.1371/journal.pgph.0000039.g003
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On subgroup analysis, we found that the TB incidence was very high among males. Our

findings corroborate with other studies reporting higher prevalence and incidence among

male as compared to female [4–6, 8]. Similarly incidence of PTB was higher among elderly

population. The current interventions need to be re-strategized to focus on these two sub pop-

ulations which remain more vulnerable for disease acquisition. The peculiar issues faced by

Saharia men in addition to higher TB incidence include high prevalence of tobacco smoking,

alcohol consumption and migration to other areas for work [15, 27] The specific intervention

strategies are therefore required to be devised and implemented to target this sub group such

as enhancing smoking and alcohol cessation activities, local employment generation pro-

grammes etc. In addition, periodic health check-ups including TB detection and treatment at

the village or nearer to their residence employing camp approach, mobile vans, culturally

appropriate awareness programme might be useful intervention.

Our findings gain much importance in the present national scenario as Government of

India is rigorously aiming and working for TB elimination in the country by the year 2025.

The high TB incidence in Saharia tribe however, is a matter of concern and highlights the need

for special efforts in order to achieve the goal of elimination. Under NTEP, the Tribal action

plan provides for special incentives to the staff working in tribal areas. In addition, various

stakeholders including the National and State Government, Development Partners, Civil

Table 3. Age-sex and category wise incidence of PTB.

Category Incidence per1,00,000 95% CI

Smear-positive

Sex Male 1706 1361─2136

Female 552 377─808

Age 15–24 478 280─817

25–34 967 651─1435

35–44 1820 1278─2587

45–54 1604 1041─2464

55+ 1368 801─2327

Total 1106 910─1343

Culture-positive

Sex Male 1637 1300─2059

Female 574 395─833

Age 15–24 478 280─817

25–34 766 491─1193

35–44 1517 1030─2230

45–54 1844 1232─2752

55+ 1895 1202─2975

Total 1084 890─1319

Smear and Culture-positive

Sex Male 1083 816─1438

Female 319 193─525

Age 15–24 331 174─628

25–34 564 336─945

35–44 1032 645─1645

45–54 1123 670─1876

55+ 842 427─1653

Total 686 535─878

https://doi.org/10.1371/journal.pgph.0000039.t003
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Society Organizations, International Agencies, Research Institutions, Private Sector, and many

others need to be involved for the cause of TB elimination in this high TB burden tribe and

other trbal areas in the country. Though the performance of NTEP in tribal dominated dis-

tricts is comparable to non tribal areas [28], we need to be vigilant considering wide variation

in TB rates in different indigenous groups and varying exposure to the risk factors in different

parts of the country. While we strive to achieve the goal of ‘TB elimination’at the national

level, there is an urgent need to prioritise and accelerate exclusive research and to implement

innovative and socially acceptable interventions to bring down the TB burden in this commu-

nity at least nearer to the national average.

Limitation of the study

In the present study, the findings are based on symptom screening alone. Due to non-availabil-

ity of mobile X-ray unit, Chest X-ray could not done. This might have resulted in under-esti-

mation of the true incidence of PTB in this indigenous community. In spite of this, the

findings highlight high incidence of PTB in this tribe which may be useful in monitoring TB

situation in this population.

Sputum was examined by smear and culture tests in the present study. Though non tuber-

culous mycobacteria could be a problem in some areas, it does not seem to a problem in

Saharia tribe as our experience shows that proportion of NTM is less than 2%. Moreover,

NTM on cultures were noted and informed to clinician.As care was taken to identify NTM, it

is less likely that NTM is labelled as positive.

Conclusion

The current evidence highlights very high burden of TB in terms of incidence in Saharia tribal

community. This high TB burden warrants urgent need for focused intensified efforts for TB

control and follow-up studies to monitor and evaluate the effectiveness of TB control measures

particularly in this population in order to achieve the national goal of TB elimination.
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