
1Kamble BD, Malhotra S. BMJ Open 2022;12:e060363. doi:10.1136/bmjopen-2021-060363

Open access 

Profile and treatment outcomes among 
young patients with tuberculosis aged 
15–24 years in Faridabad district of 
Haryana, India

Bhushan Dattatray Kamble,1 Sumit Malhotra    2

To cite: Kamble BD, Malhotra S.  
Profile and treatment outcomes 
among young patients with 
tuberculosis aged 15–24 
years in Faridabad district of 
Haryana, India. BMJ Open 
2022;12:e060363. doi:10.1136/
bmjopen-2021-060363

 ► Prepublication history and 
additional supplemental material 
for this paper are available 
online. To view these files, 
please visit the journal online 
(http://dx.doi.org/10.1136/ 
bmjopen-2021-060363).

Received 22 December 2021
Accepted 02 September 2022

1Community and Family 
Medicine, All India Institute of 
Medical Sciences, Hyderabad, 
Telangana, India
2Centre for Community 
Medicine, All India Institute of 
Medical Sciences, New Delhi, 
Delhi, India

Correspondence to
Dr Sumit Malhotra;  
 drsumitaiims2012@ gmail. com

Original research

© Author(s) (or their 
employer(s)) 2022. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Objective This study examined profile and treatment 
outcomes of young patients with tuberculosis (TB) 
registered at a district TB centre under the National TB 
Elimination Programme in Faridabad district of Haryana 
state in India.
Methods In this secondary data analysis, we studied the 
records of young TB patients aged 15–24 years registered 
under a TB programme during October 2013–December 
2017 in Faridabad district of Haryana state.
Results We analysed records of 5257 young patients 
with TB. Majority (58.7%) were patients with pulmonary 
TB and most of them (83.6%) were registered as new 
patients. Majority of the young patients with TB (93.2%) 
had a successful treatment outcome, and patients having 
sputum result 2+ or less and patients who did not have 
a previous history of TB were found to be significantly 
associated with a successful treatment outcome on 
multivariable analysis.
Conclusion There was a high treatment success rate 
noted in young patients with TB. More focus is needed to 
patients having a history of TB and sputum result >2+. 
Targeted interventions can be designed for these groups in 
future programmatic strategies to reduce disease burden 
in this section of young population.

INTRODUCTION
Tuberculosis (TB) is the ninth leading cause 
of death worldwide.1 Globally, an estimated 
10.0 million (range: 8.9–11.0 million) people 
developed TB disease in 2019, with an esti-
mated 1.2 million (range: 1.1–1.3 million) TB 
deaths among HIV- negative people in 2019.2 
India accounts for a quarter of the global 
TB burden with estimated 2.6 million new 
cases and notified 2.4 million cases in 2019, 
and 0.44 million deaths among HIV- negative 
people.3

The WHO defines ‘adolescents’ as individ-
uals in the 10–19 years age group and ‘youth’ as 
the 15–24 years age group, collectively referred 
as young people.4 These are susceptible to 
high force of TB infection due to engage-
ment in wide social gatherings in schools and 
colleges. The WHO estimated that 1.78 million 

(1.23–3.00 million) young people developed 
TB in 2012, accounting for 17% of all new TB 
cases globally, and young people in the WHO 
South East Asian region experienced the 
greatest number of TB episodes.5 Previous data 
show that the risk of TB increases dramatically 
during adolescence, and young people face 
unique challenges in terms of case detection 
and effective treatment.6 Prevention of onward 
transmission requires reaching people with TB 
disease who spend a lot of time untreated and 
around other people who might acquire TB 
infection, and young people.7

Epidemiological information on TB among 
young population has always been vital for plan-
ning control strategies, and there is a paucity 
of data regarding clinical characteristics and 
programme- defined treatment outcomes for 
this age group at the district level. Hence, the 
present study was aimed to study the profile 
and treatment outcomes of young TB cases 
registered under a TB programme in Farid-
abad district of Haryana state.

METHODS
Study design
A secondary analysis of existing data of 
young patients with TB registered at a district 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ We have included young age groups (15–24 years), 
whose parameters are often not looked in routine 
tuberculosis (TB) programmatic settings in India.

 ⇒ A large sample is included in the study for analysis.
 ⇒ Generalisability will be limited to similar settings in 
the northern part of India.

 ⇒ The study suffers from limitations owing to the ret-
rospective analysis of the records.

 ⇒ Information about risk behaviours and social status 
vulnerability of young people was not available for 
inclusion in the analysis that could impact the TB 
outcomes.
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TB centre (DTC) under the National TB Elimination 
Programme in Faridabad district.

Study setting
As per report of 2011 census,8 within the national capital 
region, Faridabad is the most populous district of Haryana 
state with a population of 1 798 954. The Revised National 
TB Control Programme (RNTCP) was adopted in Farid-
abad district in April 2000. The current study was carried 
out in a DTC of Faridabad district during December 2018–
June 2019. It has nine TB units (TUs) under it covering 
different areas within Faridabad district (figure 1). Under 
the national TB programme, there is a network of DTCs 
at a district level and TUs at a subdistrict level.9 The TU is 
the nodal point for TB control activities within the subdis-
trict and is usually situated at any of these levels—primary 
health centre, community health centre, first referral 
unit, dispensaries, reproductive child health units and 
medical colleges. The TU sends quarterly reports to DTC 
in prescribed format regarding screening, diagnosis and 
treatment of patients at the TU under the RNTCP.10 The 
details of all the patients with TB registered at TUs were 
recorded in TB registers maintained at the level of TUs. 
Information regarding the age, sex, weight of the patient, 
type of patient, category of treatment, history of TB, type 
of sputum smear, HIV status and treatment outcomes of 
patients with TB registered at TUs was sent to the district 
TB office quarterly in prescribed reporting formats.

Study population
We performed a retrospective record review of all young 
(within the age group 15–24 years) patients with TB 
registered in the DTC of Faridabad from October 2013 
to December 2017. The data pertaining to paediatric 
years (≤14 years) and TB are described elsewhere and 
are not included in this report.11 Data were retrieved 
until December 2017 as there were considerable policy 
and programmatic changes after this period owing to TB 

elimination efforts initiated in the area. After seeking 
permission from the district TB officer, TB registers avail-
able at nine TUs were accessed for collecting informa-
tion regarding all the young TB cases registered during 
the study period. Sociodemographic and treatment- 
related data of the study population were extracted 
from TB registers maintained at each TU. If the treat-
ment outcome of any TB case was missing, that case was 
excluded. Treatment outcomes listed in the register were 
found to be 97% accurate when programmatic guide-
lines were applied to the clinical information provided 
for each case, and were corrected when those criteria 
were not met.

Study variables and definitions
The following definitions of treatment outcomes were 
used in this study as per national guidelines9 12:
1. Cured: patients with microbiologically confirmed TB 

at the beginning of treatment who were smear or cul-
ture negative at the end of the complete treatment.

2. Treatment completed: a patient with TB who has 
completed treatment without evidence of failure or 
clinical deterioration but with no record to show that 
the smear or culture result of biological specimen in 
the last month of treatment was negative, either be-
cause the test was not done or because the result was 
unavailable.

The variables included in the study from the TB 
register were as follows: age, sex, type of patient, category 
of treatment, history of TB, type of sputum smear, HIV 
status and treatment outcomes. We defined an outcome 
as ‘successful’ if the patient was declared as cured or treat-
ment completed at the end of treatment and ‘others’ if 
the patient was declared defaulter, failure, died, switched 
to multidrug- resistant (MDR) treatment (category IV) 
during or at the end of treatment.

Figure 1 Flow chart of Faridabad district TB centre and nine tuberculosis units distributed under it. TB, tuberculosis.
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Patient and public involvement
No patient was involved as this was a secondary data anal-
ysis undertaken from routine programmatic records.

Data analysis
Data were entered into Microsoft Excel V.2016 (Micro-
soft, Redmond, Washington, USA) and analysed using 
STATA V.13 (Stata Corp, College Station, Texas, USA). 
Descriptive statistics were applied to analyse type of TB, 
type of patient, sputum result status, HIV status and treat-
ment outcomes of a TB case. Variables were summarised 
by proportions and 95% CIs. Bivariable logistic regression 
analysis was performed considering treatment outcome 
as the dependent variable and the following independent 
variables: sputum smear result, type of TB, history of TB, 
type of patient and category of treatment. Variables found 
to be significant on bivariable analysis were included 
in the multivariable logistic regression model to study 
factors associated with treatment outcomes. Crude and 
adjusted ORs were computed along with 95% CIs.

RESULTS
In the present study, data of 5257 young patients with 
TB during October 2013–December 2017 were analysed. 
The maximum number of patients with TB was registered 
during the year 2016 (28.4%) followed by 2014 (22%). 
Out of 5257 patients, the majority (39%) belonged to 
Ballabgarh TU and Faridabad TU.

The mean age (±SD) of study participants was 19.5 
(±2.8) years. Forty- eight per cent of patients were 15–19 
years old and 52% were 20–24 years old. A slightly higher 
proportion of women were part of the study sample 
(53%) with male to female ratio as 0.8:1 (table 1).

Clinical characteristics of patients with TB
Out of 5257 patients with TB, majority (58.7%) had pulmo-
nary TB and 41.3% had extrapulmonary TB. Most of the 
patients (83.6%) were on category I of treatment. Young 
adults in the age group 15–19 years (86%) comprised a 
slightly higher proportion of category I treatment patients 
than participants aged 20–24 years (82%). Out of all aged 
20–24 years, 20% had a history of TB, compared with 16% 
in young patients with TB aged 15–19 years. Most of the 
patients (83.6%) were new patients with TB, whereas only 
4.9% were relapse and 3.3% were failure cases. Among 
3088 patients with pulmonary TB, 58.7% had sputum- 
positive TB, and 52.3% of patients with sputum- positive 
TB belonged to 20–24 years of age group. Out of 5257 
patients, most (81.6%) patients had a record of their 
HIV status and only 8 patients with TB were HIV positive 
(table 1). Individual age wise segregation of these char-
acteristics is also shown in online supplemental table 1.

Treatment outcomes
Out of 5257 young patients with TB, most (93.2%) had 
successful treatment outcomes (cured (30.8%) and treat-
ment completed (62.4%)). The treatment success rate 

was similar in both the age bands—93.3% in patients 
aged 15–19 years and 93.1% in adults aged 20–24 years. 
Around 3% of patients with TB defaulted the treatment 
and 1.2% patients switched to category IV treatment. 
Treatment outcome rates were relatively the same in both 
age groups (p=0.739) (figure 2 and table 2). A segregated 
age wise analysis was also performed and is presented in 
online supplemental table 2. Major differences were not 
found with only slight 1% higher occurrence of combined 
outcomes compared with the total set of patients (failure/
default/death/shift to category IV/transfer out) in age 
band 17–22 years.

A successful treatment outcome was significantly higher 
among sputum smear- negative patients than positive ones 
(p<0.05). A higher proportion of successful treatment 
was seen among patients diagnosed with extrapulmonary 
TB, without a history of TB and newly diagnosed patients 

Table 1 Distribution of patients with TB according to key 
variables (N=5257)

Variable

Age group (in years) Total

15–19 
(n=2527)
No (%)

20–24 
(n=2730)
No (%)

N=5257
No

Sex

  Male 1102 (43.6) 1358 (49.7) 2460

  Female 1425 (56.4) 1372 (50.3) 2797

Type of TB

  Pulmonary 1510 (59.8) 1578 (57.8) 3088

  Extrapulmonary 1017 (40.2) 1152 (42.2) 2169

Category of treatment

  I 2167 (85.8) 2230 (81.7) 4397

  II 360 (14.2) 500 (18.3) 860

History of TB

  Yes 397 (15.7) 538 (19.7) 935

  No 2130 (84.3) 2192 (80.3) 4322

Type of patient

  New 2167 (85.8) 2230 (81.7) 4397

  Relapse 100 (3.9) 161 (5.9) 261

  Treatment after default 76 (3.0) 99 (3.6) 175

  Failure 27 (1.1) 22 (0.8) 49

  Others 157 (6.2) 218 (8.0) 375

Sputum smear (n=3088)

  Positive 864 (57.2) 948 (60.1) 1812

  Negative 646 (42.8) 630 (39.9) 1276

HIV status

  Positive 3 (0.1) 5 (0.2) 8

  Negative 2102 (83.2) 2181 (79.9) 4283

  Unknown 422 (16.7) 544 (19.9) 966

Column percentages are presented as proportions.
TB, tuberculosis.
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with TB, and these differences were statistically signifi-
cant (p<0.05) (table 3).

Factors associated with successful treatment outcomes
We used bivariable and multivariable logistic regression 
analyses to study the factors associated with successful 
treatment outcomes. In bivariable analysis, sex, category 
of TB treatment, sputum result, type of TB and history of 
TB treatment were significantly associated with successful 
treatment outcomes. In the multivariable logistic regres-
sion model, for patients with TB compared with those who 

had negative sputum smear result, odds of a successful 
treatment outcome were lower in those who had higher 
tubercle bacillary load evident through sputum positivity 
(and the OR decreasing further as the sputum severity was 

Figure 2 Distribution of patients with TB according to treatment outcomes (n=5257). MDR, multidrug resistant; TB, 
tuberculosis.

Table 2 Distribution of patients with TB according to 
treatment outcomes (n=5257)

Treatment 
outcome

Age group in years Total

P value
15–19
No (%)

20–24
No (%) No (%)

Cured 782 (30.9) 838 (30.7) 1620 (30.8) 0.739

Treatment 
completed

1576 (62.4) 1703 (62.4) 3279 (62.4)

Failure 21 (0.8) 16 (0.6) 37 (0.7)

Defaulted 77 (3.0) 85 (3.1) 162 (3.1)

Died 38 (1.5) 43 (1.6) 81 (1.5)

Shifted to 
category IV

29 (1.1) 35 (1.3) 64 (1.2)

Transferred 
out

4 (0.2) 10 (0.4) 14 (0.3)

Total 2527 (100) 2730 (100) 5257 (100)

TB, tuberculosis.

Table 3 Association of treatment outcomes with clinical 
characteristics (n=5243)

Variables

Treatment outcome Total

P value
Successful*
No (%)

Others†
No (%) No

Sputum smear (n=3075)

  Positive 1565 (86.8) 239 (13.2) 1804 0.009

  Negative 1197 (94.2) 74 (5.8) 1271

Type of TB

  Pulmonary 2762 (89.8) 313 (10.2) 3075 <0.001

  Extrapulmonary 2137 (98.6) 31 (1.4) 2168

History of TB

  Yes 770 (82.8) 160 (17.2) 930 <0.001

  No 4129 (95.7) 184 (4.3) 4313

Type of patient

  New 4197 (95.7) 191 (4.3) 4388 0.025

  Others 702 (82.1) 153 (17.9) 855

Category of treatment

  I 4197 (95.7) 191 (4.3) 4388 <0.001

  II 702 (82.1) 153 (17.9) 85

*Successful—cured, treatment completed.
†Others—died, failure, defaulted, shifted to MDR treatment.
MDR, multidrug resistant; TB, tuberculosis.
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increasing). The adjusted ORs (AORs) obtained in this 
context were as follows: scanty sputum (AOR: 0.55 (95% 
CI: 0.26 to 1.13); p=1.08), sputum 1+ (AOR 0.67 (95% CI: 
0.47 to 0.95); p=0.026) and sputum 2+ (AOR: 0.46 (95% 
CI: 0.33 to 0.65); p<0.001), respectively. Patients who did 
not have a history of TB had approximately three times 
higher odds of a successful treatment outcome (AOR: 2.9 
(95% CI: 1.24 to 6.66); p=0.013) (table 4).

DISCUSSION
In the present study, records of 5257 young patients with 
TB from Faridabad district registered under RNTCP 
during October 2013–December 2017 were analysed. 
The mean age (±SD) of study participants was 19.5 (±2.8) 
years. Majority (53.2%) of patients with TB were women. 
Similar findings were reported by Enane et al13 among 
young adult patients with TB in which the mean age was 
22.2 years and majority were women (52.9%).

In the present study of TB in young adults, we found 
out that a higher proportion was constituted by pulmo-
nary TB cases (59%) and majority (84%) were on cate-
gory I treatment. Our findings were supported by a review 
done on adolescents and young adults by Moscibrodzki 
et al14 and Chiang et al.15 Young adults aged 20–24 years 
were significantly comprising the higher percentage 

of category II patients than patients aged 15–19 years 
(p<0.001). A study conducted among adolescents and 
young adults in Botswana by Enane et al13 reported similar 
findings. This age group is most likely to come in contact 
with other non- infected people, thereby augmenting the 
risk of spreading the infection. We found that most of the 
patients (84%) were new patients with TB whereas only 
5% were relapse and 3% failure cases. The findings were 
consistent with the reported annual report in Faridabad 
district.16 Our results were similar to a study done among 
adolescents and young adults in Botswana by Enane et 
al13 in 2016. Sharma et al,17 in their study among patients 
attending a DOTS (Directly Observed Treatment, Short 
Course) centre in Delhi, reported a lower proportion of 
new patients with TB and higher proportion of relapse. 
This difference may be due to inclusion of adult patients 
along with young people in their study.

In our study, around 18% of patients had a history of 
TB in earlier life and a higher number of patients (58%) 
aged 20–24 years had a history of TB than patients aged 
15–19 years (43%) (p<0.001). This was higher compared 
with the findings reported by Enane et al13 (8.1%) among 
young patients with TB in Botswana. This difference may 
be due to the high burden of TB in India compared with 
other countries.

Table 4 Factors associated with successful treatment outcomes among young patients with TB

Variable No (%)

Unadjusted Adjusted

OR (95% CI) P value OR (95% CI) P value

Sex

  Male 2271 (46.4) 1.00 1.00

  Female 2628 (53.6) 1.30 (1.04 to 1.61) 0.019 1.02 (0.80 to 1.29) 0.86

Age (years)

  15–19 2358 (48.1) 1.00 –

  20–24 2541 (51.9) 0.99 (0.79 to 1.23) 0.95 –

Category of treatment

  I 4197 (85.7) 1.00 1.00

  II 702 (14.3) 0.20 (0.16 to 0.26) <0.001 0.8 (0.34 to 1.86) 0.61

Sputum result

  Negative 1197 (43.3) 1.00 1.00

  Scanty 67 (2.4) 0.52 (0.37 to 0.73) <0.001 0.55 (0.26 to 1.13) 0.108

  1+ 637 (23.1) 0.36 (0.26 to 0.50) <0.001 0.67 (0.47 to 0.95) 0.026

  2+ 541 (19.6) 0.31 (0.19 to 0.44) <0.001 0.46 (0.33 to 0.65) <0.001

  3+ 320 (11.6) 0.41 (0.20 to 0.83) 0.014 0.42 (0.29 to 0.60) <0.001

History of TB treatment

  Yes 770 (51.7) 1.00 1.00

  No 4129 (84.3) 4.46 (3.72 to 5.84) <0.001 2.88 (1.24 to 6.66) 0.013

Type of TB

  Pulmonary 2762 (56.4) 1.00 1.00

  Extrapulmonary 2137 (43.6) 7.81 (5.37 to 11.3) <0.001 3.23 (0.42 to 24.4) 0.25

TB, tuberculosis.
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We found that, out of 3088 patients with pulmonary TB, 
majority (58.7%) were sputum positive and more than 
half (52.3%) of sputum- positive patients were in 20–24 
years of age group. On the other hand, Enane et al13 and 
Chiang et al15 reported a sputum positive rate among 
adolescents as 54.5% and 90.8%, respectively. This vari-
ation may be due to the difference in study setting and 
sample size.

In the present study, out of 5257 patients, the record of 
HIV status was available for 4291 (81.6%) patients with 
TB and only 8 patients with TB were positive. Recent 
studies done in Haiti, Botswana and Cape Town reported 
a higher HIV positive rate among adolescents and young 
adults.13 18 19 This difference may be due to the low prev-
alence of HIV in Haryana state (general population prev-
alence of 0.18%) and opt- out HIV testing option under 
RNTCP.20

In this study, we categorised the treatment outcome as 
successful (cured or treatment completed) and others 
(failure, defaulted, died, switched to MDR treatment). In 
our study, most of the young patients with TB (93.2%) had 
a successful treatment outcome. The treatment success 
rate was almost similar in age groups of 20–24 years and 
15–19 years. Around 3% defaulted the treatment and 
1.2% were switched to category IV (MDR) treatment. 
As per the annual TB report 2021 of the government of 
India, treatment success rate, default (loss to follow- up) 
rate and change in treatment regimen rate in Haryana 
state for the year 2019 were 79%, 4.1% and 0.6%, respec-
tively. The difference in the treatment success rate and 
loss to follow- up rate in the present study and annual TB 
report was due to difference in age group; the national 
report provided data only for adult and paediatric (≤14 
years) patients with TB. A study conducted by Enane et 
al13 among similar age group in Botswana reported a 
lower treatment success rate (87.2%) and higher failure 
(1.5%) and default rate (8.8%). Similarly, a study by Reif 
et al18 among adolescent and young patients with TB in 
Haiti reported a lower successful treatment outcome rate 
(77%) and a higher failure and default rate (20%). This 
difference may be explained by higher HIV prevalence 
in their study, high poverty and unstable home life in the 
African region.

In the present study, in the bivariable analysis, sex, 
category of TB treatment, sputum result, type of TB and 
history of TB were found to be significantly associated 
with a successful treatment outcome. In the multivariable 
analysis, patients who did not have a history of TB (AOR: 
2.9, 95% CI: 1.24 to 6.66) and patients having sputum 
result 2+ or less (AOR: 0.46, 95% CI: 0.33 to 0.65) were 
associated with a successful treatment outcome compared 
with those who had a history of TB and sputum smear 
negative for TB, respectively. This highlights that young 
patients with TB having sputum result 1+, 2+ or more 
(compared with negative) and having a history of TB 
warrant higher focus while managing them to achieve a 
100% treatment success rate and protecting them from 
developing drug resistance in further life. Studies done by 

Chiang et al15 and Osman et al21 reported the predictors of 
pulmonary or thoracic involvement in TB and mortality 
of TB, respectively, but data on predictors of a successful 
treatment outcome among adolescent and young popula-
tion are added by the present study. Studies from Brazil 
have reported the following factors associated with unfa-
vourable outcomes (loss to follow- up/death/treatment 
failure) among adolescents with TB retreatment as seen 
in our study: presence of HIV infection, vulnerable char-
acteristics (homelessness, imprisonment, substance use) 
and place of residence.22 23 We did not have informa-
tion about social and personal risk behaviours prevalent 
among young people including tobacco, and alcohol and 
illicit substance use—all of which can affect outcomes 
in patients with TB. Future studies done prospectively 
could note these risk factors as study variables as routine 
programmatic data do not record them and measure 
treatment outcomes in young patients with TB in an 
Indian setting.

The present study had certain strengths such as large 
sample size, inclusion of young adults, often whose disag-
gregated data not presented in the programme reports, 
and application of logistic regression to study factors 
associated with treatment outcomes. This study adds 
substantial epidemiological data on TB among young 
population. Limitations to extrapolation from the study 
are because it was a retrospective record review and there 
had been poor record- keeping at some TUs. Some data 
were missing from the records, and only the available 
information from the records was included in the anal-
ysis. Therefore, it was not possible to study the factors like 
weight gain during treatment, type of extrapulmonary 
TB, number of missed doses and history of TB contact in 
the family due to incomplete data.

CONCLUSION
Our study is one of the few to report profile and treat-
ment outcomes among young patients with TB. A higher 
proportion of female and young adults in age group 
20–24 years constituted the majority of patients registered 
under RNTCP of Faridabad district within the broad age 
of 15–24 years. Most of the patients were new patients 
and had pulmonary TB. The treatment success rate was 
high and very few patients switched to MDR- TB treat-
ment. Factors like sputum result and history of TB were 
found to be significantly associated with a successful treat-
ment outcome. More emphasis should be given to young 
patients with TB having high sputum positive result (>2+) 
and having a history of TB to achieve Sustainable Devel-
opment Goals related to TB.
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