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Abstract 
Background: Tuberculosis remains a major public health problem in India. 
Newer digital technologies for treatment adherence have been tested for dis-
eases with chronic medication. A mobile application (Kill-TB) that provides 
reminder to TB patients through alarm was tested for its effectiveness and 
challenges under programmatic settings. Methods: A cohort of TB patients 
initiated on treatment with and without mobile application at Bangalore city 
during January-March 2019 was observed for missed doses during their 
treatment period. Results: A total of 694 patients (347 patients with and 
without mobile application) were enrolled for the study. Among the patients 
with and without mobile application 1) loss to follow-up was 2% and 8%, 2) 
non-adherence rate to TB treatment was 1.5 and 3.3 per 100 person-months, 
3) treatment success rate was 89% and 81%. Conclusion: The TB drug re-
minder mobile application benefits the patient’s treatment adherence and 
paves way for improved treatment outcomes despite the challenges in imple-
mentation. The programme should leverage mobile technologies as an addi-
tional monitoring tool to achieve the target of End-TB by 2025. 
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1. Introduction 

Globally, tuberculosis (TB) continues to be the major public health problem with 
10 million people developing TB and 1.6 million dying from the disease [1]. In-
dia is one of the high TB burden countries and accounts for 27% of global TB 
burden despite the efforts of Revised National TB Control Programme (RNTCP) 
since 1997 [1]. The programme has achieved the treatment success rate of 79% - 
85% and loss to follow-up of 8% - 10% in the last five years [2]. 

Adherence to tuberculosis treatment is a challenge to patients because of the 
complexity, longer treatment duration and modest tolerability. The low treat-
ment adherence has the possibility of poorer treatment outcomes like relapse or 
treatment failure leading to the amplification of drug resistance. Apart from the 
directly observed treatment (DOT), many e-health strategies have been adopted 
by different national TB programmes to monitor the treatment adherence with 
different degrees of success [3]. These strategies include short messaging servic-
es, giving missed calls, ingestible sensors, digital pill boxes, smart or mobile 
phone-based technologies and video observed therapy [4] [5] [6] [7] [8]. 

In India, under RNTCP, the monitoring of the TB patients initiated on treat-
ment is done by the directly observed treatment (DOT) provider or treatment 
supporter who is a local person residing nearer to the patient’s domicile [9]. The 
DOT provider is identified by the health worker in consultation with the patient. 
The adherence to treatment of a TB patient is documented in a TB treatment 
card maintained by a DOT provider and a card maintained at the primary health 
center by general health staff. The treatment card at the DOT provider is up-
dated regularly on daily basis, while, the treatment card at the primary health 
center is updated by the field staff during fortnightly or monthly review meet-
ings at the health facilities. The medical officers or programme managers are not 
updated in real-time about their patient’s deviation from treatment schedule. 
These delays act as a hindrance for the programme managers to initiate prompt 
retrieval action and ensure treatment continuation. 

The mobile phone users in India have drastically increased to 581 million us-
ers when compared to the last decade. The RNTCP had adopted the strategy 
called 99 DOTS in 2013 wherein the patient had to give a missed call to a num-
ber mentioned on the backside of each pill cover [10]. The coverage of this 
strategy was restricted to a few vulnerable populations and places. 

An android mobile application for TB patients called “Kill-TB” was developed 
to remind the patients through an alarm about their daily drug intake and en-
sure real-time notifications to the programme manager and RNTCP key staff. 
We conducted this study to compare the treatment success among patients with 
and without mobile application and enumerate the challenges encountered dur-
ing the developmental and implementation process under programmatic settings. 

2. Methods 

1) Study Design 
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We conducted a prospective cohort study using routine programmatic data to 
compare the treatment outcomes among patients with and without mobile ap-
plication. 

2) Settings 
The state of Karnataka is located in southern of India and has a population of 

82.74 million. The state has 31 administrative districts and is implementing 
RNTCP since 1997 [2]. The study was conducted in Bangalore city with a popu-
lation of 7.8 million, the district has 22 tuberculosis unit (a programmatic man-
agement unit for 0.25 million population) and 83 designated microscopy centers 
(microscopy center to detect TB for 0.1 million population). In the year 2018, 
the district had notified 11,106 TB patients under public sector and has recorded 
81% treatment success rate [2]. 

Once the TB patients are diagnosed at the health facilities the patients are in-
itiated on daily regimen therapy for six months after identifying the DOT (Di-
rectly observed treatment) provider or treatment supporter who is generally ac-
ceptable and accessible to the patient. The DOT provider is provided an honora-
rium after successful completion of treatment.  

3) Study Population, Sample Size and Sampling Technique 
All the adult TB patients diagnosed at three select tuberculosis unit of Banga-

lore city during the period January-March 2019 were included in the study. The 
sample size was calculated based on the assumption of treatment success rate 
among patients with and without mobile application as 80% and 88% respec-
tively [11]. It is calculated with 80% power and 95% confidence interval and was 
found to be 331 in each group. Considering the attrition rate of 5% the total 
sample size for the study was found to be 694. The adult TB patients who had 
android mobile phones with internet connection and are willing to be part of the 
study formed the intervention group and those patients without android mobile 
phones or not willing to be part of the study formed the non-intervention group. 
The patients were enrolled consecutively till the sample size was achieved. 

4) Intervention Strategy 
“Drug reminder for TB patients”—The strategy involves reminding the pa-

tient for consumption of TB drugs through their android mobile applications. 
The android mobile phones of the patients remind them about the consumption 
of individual drugs at a set time through an alarm. The alarm can be stopped 
once the patient confirms the intake of drug through a button on the mobile 
phone. The exact time of intake for each of the drugs are recorded in the back-
hand of a server. The programme manager has access to monitor the drug intake 
of all the TB patients in the area. If the patient forgets to consume the drugs at a 
set date and time, a text message is sent automatically to the mobile phones of 
the DOT provider and patients close contact. Efforts from the DOT provider will 
be made to retrieve the patient back to treatment. The patients will also be re-
minded through text messages for timely sputum follow up examination after 
completion of their intensive phase and continuation phase. 
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Standard operating procedure followed for registration of TB patients in 
the intervention group 

Patients are briefed about the study and written informed consent is taken for 
their participation in the study. The patients NIKSHAY identity number, age, 
sex, address, type of TB, mobile number of patient and their close contact are 
taken. The “Kill-TB” mobile application is then downloaded into the patients 
android mobile and one-time registration is done after entering the patient and 
treatment details. The patients preferred timings for drug intake shall be set in 
the patient’s phone. Demonstration on usage of the mobile application is pro-
vided to the patient by trained personnel. Once the registrations are complete a 
message regarding the successful registration in mobile application is sent to all 
the concerned health care personnel’s which includes programme manager, se-
nior treatment supervisor, TB health visitor, medical officers TB control, DOT 
provider and patients assigned contact person. The mobile application will re-
mind the patient about the sputum follow up before two remaining doses at the 
intensive and continuation phase. 

Operational definition for treatment adherence 
A TB patient is considered to be treatment adherent, if the patient misses ≤ 2 

doses consecutively in a month during his treatment period.  
Development and pilot testing of mobile application 
The mobile application was developed by a private software company specia-

lized in developing health related mobile application. The application was de-
veloped during January 2017 to September 2018 after detailed deliberation, pilot 
testing and fixing the technical software bugs. The field testing of the mobile ap-
plication was done during October to December 2018. 

Sources of data and data variables 
The data for the intervention group was extracted from the electronic data main-

tained in the electronic database of “Kill-TB” mobile application web based-server 
for the period January to September 2019. The data for the non-intervention 
group was extracted from paper-based patients’ registers and TB treatment cards 
at the health facilities. The data variables collected included the clinical and so-
cio-demographic characteristics of patients along with their treatment adherence 
and treatment outcomes. The data from non-intervention group was entered 
into EpiData software (version 3.1, EpiData Association, Odense, Denmark) by 
the investigators. The data exported from the electronic data based and the data 
entered into EpiData from TB patients’ records were merged and a final data-
base was created for data analysis. 

Data analysis and statistics 
The electronic format of the data was imported into EpiData Analysis software 

(version 2.2.2.182, EpiData Association, Odense, Denmark) and was analyzed 
for descriptive statistics like frequencies, proportions, measures of central ten-
dency (mean) and variation (standard deviation). The treatment non-adherent 
cases were calculated as per 100 person-months and the rates were compared 
with intervention and non-intervention group using chi-square test. The p-value 
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less than 0.05 was considered as significant. 
Ethics approval 
The ethics approval was obtained from the institutional ethics committee of 

ESIC Medical College and PGIMSR, Bengaluru, India during July 2015. The 
permission for the conduct of the study was obtained from the RNTCP State TB 
Office, Karnataka. 

3. Results 

A total of 694 patients were enrolled in this study. The mean age of the study 
population was 46 years (standard deviation of 17). There were 347 TB patients 
in the intervention (patients with mobile application) and non-intervention (pa-
tients without mobile application) group. The characteristics of the intervention 
and non-intervention group are shown in Table 1. In both these groups, major-
ity of them were males (73% and 62%) and were microbiologically confirmed 
cases (77% and 72%). The treatment success was found to be 89% and 81% re-
spectively in the intervention and non-intervention group. The loss to follow-up 
in the intervention group was 2% when compared to 8% in the non-intervention 
group and it was found to be statistically significant. The non-adherence rate to 
TB treatment was found to 1.5 and 3.3 per 100 person-months respectively among 
intervention group and non-intervention group and it was found to be statisti-
cally significant. The key challenges encountered by the investigators during the 
software mobile application development and implementation process are shown 
in Box 1. 
 
Table 1. Characteristics of diagnosed tuberculosis patients in the intervention (with mo-
bile application) and non-intervention (without mobile application) group at the select 
tuberculosis units of Bengaluru city during January 2019-September 2019 (N = 694). 

Characteristics 
Intervention group 

(n = 347) 
Non-intervention group 

(n = 347) 
p-value* 

Age groups (in years) n (%) n (%)  

<25 38 (11) 42 (12)  

25 to 34 87 (25) 66 (19)  

35 to 44 66 (19) 49 (14) Ref 

45 to 54 66 (19) 56 (16)  

55 to 64 52 (15) 62 (18)  

>64 38 (11) 73 (21) <0.01 

Gender    

Male 253 (73) 215 (62)  

Female 94 (27) 132 (38)  

Diagnosis    

Clinical 80 (23) 97 (28)  

Microbiological 267 (77) 250 (72)  
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Continued 

Treatment outcomes    

Treatment success 309 (89) 281 (81)  

Died 3 (1) 10 (3)  

Loss to follow-up 7 (2) 28 (8) <0.01 

Not evaluated 21 (6) 21 (6) Ref 

Failure 3 (1) 3 (1)  

Treatment regimen changed 3 (1) 3 (1)  

Transferred out 0 (0) 0 (0)  

Treatment adherence    

Missed ≤ 2 doses per month 42 63  

Missed > 2 doses  
consecutively per month 

30 60  

Non-adherence rate  
(per 100 person-months) 

1.5 3.3 <0.01 

*Note: Chi-square test “p-value”. 

 
Box 1. Key challenges encountered by the investigators during the development of soft-
ware and implementation process. 

Challenges 

1) During development of software application 
• Frequent change in RNTCP programme guidelines 
• Complex mechanisms for treatment monitoring 
• Minimal knowledge of health systems by software developers 
• Software compatibility issues with android mobile phones from different companies 

available in the market 
• Application could not be placed in “Google play store” for security issues 

2) During Implementation process 
• Compatibility issues with mobile application 
• Change in mobile numbers of patients and health staff 
• Loss of mobile handsets by patients 
• Accidental deletion of mobile application in phones 
• Internet connectivity issues 
• Draining of mobile battery charge 

4. Discussion 

To our knowledge, this is one of the few studies conducted in India to determine 
the effectiveness of patient-centric mobile application to monitor tuberculosis 
patient treatment real-time under programmatic settings. The major findings of 
the study are that there was reduction in loss to follow-up rate (2% vs 8%) and 
increase in treatment success rate (89% vs 81%) though not statistically signifi-
cant among patients without mobile application. The non-adherence rate per 
100 person-months was reduced by 50% among patients with mobile applica-
tion. 

The strengths of the study are 1) the study was conducted under routine pro-
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grammatic settings with a representative sample of patients from the district, 2) 
the findings of the intervention group are compared with the non-intervention 
group, 3) the challenges faced during development and implementation of the 
mobile application are elucidated. The limitations of the study are: 1) The study 
was conducted only in one district of Karnataka. The study findings may not be 
generalizable to other districts in the country because the Bangalore city is better 
performing programmatically and has extensively urban population. 2) Due to 
the resource constraints, we did not interview the patients to understand their 
perspective on having the mobile application as an additional tool to monitor 
their treatment. 3) We could not ascertain the patients drug intake as recorded 
through the mobile application as “drug taken” by testing their urine samples for 
isoniazid. 4) The patients selected for the intervention was based on convenient 
sampling. The patients were asked whether they have smart phones with internet 
connection and were willing to be part of the study. Only such patients diag-
nosed at public health facilities were included in the study. 5) We collected the 
data on the demographic and clinical variables of the patients that are routinely 
documented under the programme. We did not collect the information on sev-
eral other variables such as socio-economic status, educational status that are 
known to influence the patient’s adherence to treatment on having mobile ap-
plication. We are unable to account for the influence of these variables on our 
study results.  

Despite these limitations, the study has following programmatic implications. 
Firstly, the TB drug reminder mobile application augments the patient’s treat-
ment adherence in addition to the existing treatment monitoring mechanisms. 
The non-adherence rate per 100 persons-months is reduced by 50% and the 
loss-to follow-up rate is reduced when compared to those without mobile appli-
cation. Several studies have shown that electronic reminders improve adherence 
to chronic medication [8]. Patient-centric mobile application and providing 
human touch to patients through directly observed treatment will strengthen the 
bonding between the patients and the health system and might improve treat-
ment outcomes. It is implicit to have additional systems for patient monitoring 
in a vast country like India with limited available human resources under gener-
al health system [6]. Secondly, there were implementation challenges as seen by 
the investigators. They were 1) all the mobile phones were not compatible with 
the application, 2) change of mobile numbers among patients while on treatment 
halted the monitoring process, 3) draining of battery charge in the mobiles after 
installing mobile application was a issue among patients and, 4) the strength of 
mobile internet connectivity was a constraint to constantly sync the drug intake 
in the mobile application with the web based application which were used by the 
programme managers in the background to monitor all the patients with mobile 
application, 5) it was also found that the usage of smart phones among older 
population was comparatively less. Hence, we opine that the programme should 
develop an efficient and robust mobile application on similar lines for patients 
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and also support the patients by providing a mobile phone with application 
during their treatment period wherever deemed necessary [12] [13]. 

5. Conclusion 

To conclude, the findings from our study suggest that patient-centric mobile 
technology for adherence along with the existing monitoring mechanisms under 
the programme reduces the missed doses and contributes towards better treat-
ment outcomes similar to the other digital adherence technologies [3] [11] [14]. 
The programme should adopt such technologies at a faster pace in pursuit to 
realize the dream to End-TB in India by 2025. 
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