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STUDY PROTOCOL 
 
Aim 1. Convert and expand TextTB into a mobile optimized app based on stakeholder feedback and 
engagement. 1.a Preliminary App version will 
be built with the following components based 
on prior research: educational component, 
communication tool, side-effect/symptom 
reporting, and self-administration tracking. 
Drug metabolite testing will be added for 
enhanced adherence monitoring. Further 
options for expansion will be explored in Aims 
2 and 3. To improve patient engagement, 
patients will be able to curate their information, 
monitor and share their symptoms, contact 
health care team, tailor reminders or alerts for medication or follow-up appointment. See Appendix B for modular 
feature options. Platform will support texting component for non-smartphone users as done in pilot study. The 
app mPOWEr©22 is an example of a deployed system (led by mentor Dr. Lober) that came from a participatory 
design process (Fig 5) (http://mpowercare.org/). 

1.b Expand educational messages for full treatment course and patient tailoring.  
Educational messages for TextTB focusing on information needs for the intensive 
treatment phase (first 2 months) were developed using patient topic recommendations, 
suggested messages, TB expert input, and by compiling and coding patient-directed TB 
education from WHO, departments of health and Argentina’s patient education material 
and guided by the Information-Motivation-Behavior skills (IMB) model.49,50 Educational 
messages will be expanded ongoing to full treatment course based on user and 
stakeholder feedback throughout Aims 1-3. Educational material can be easily uploaded 
through webpage and notifications can be sent to participants when new and relevant 
material is added. Branching logic will be used to increase individual message tailoring 
based on baseline characteristics/profile conditions (e.g., current smoker) or request for 
further information. 
1.c Add drug metabolite testing component. Photo imaging, similar to that 
used in mPOWEr©22 for surgical wound monitoring, will be added to report 
drug metabolite results. Amlabu et al. reported the Arkansas colorimetric 
test reliably predicted isoniazid ingestion at 4 hours after ingestion.54 Figure 
6 displays purple positive result. After reporting self-administration 
participants will be requested to test and submit photo within 4-6 hours.    
1.c Refine app with information technology (IT) and TB experts. IT and 
TB experts will test and provide critique of the app. IT experts will be 

from the DUB (Design, Use, Build) alliance of faculty and students across the UW exploring Human-Computer 
Interaction and Design; TB experts will be from the Firland Northwest Tuberculosis Center and collaborator Dr. 
Chirico. Dr. Demiris, my primary mentor, is an active member of the DUB alliance. Rapid app refinement will be 
based on written and verbal critiques. All suggestions will be maintained in a study log. 
Aim 2. Refine and enhance product during pilot deployment following principles of iterative design. App 
will be tested in the field with two design iterations aimed to identify technical glitches, potential problems, or 
needed modifications to enhance and prepare app for pilot testing.  
Participants: Five patients and five health care team members will be recruited from the public pulmonary 
specialized hospitals located in Health Region V (see letter of support Dr Chirico). Health Region V serves a 
large geographic region with a population of 3.13 million and accounts for about one third of the TB cases 
(incidence 49.2/100,000) within the province of Buenos Aires.55 Patients will have completed TB treatment or 
are within the last month of completion, have regular access to a smartphone, and be 18 or older. Health care 
team members (eg, nurse, social worker, pulmonologist, nutritionist) will be those who are responsible for care 
or care management of patients with active TB, have regular access to a smartphone, and 18 or older. Potential 
patients will be introduced to the study by clinic staff through collaboration with Dr. Chirico, regional director. 
Informed consent will be obtained at start of testing.   
Procedure. App will be field tested for 10 days. Participants will be asked to use all features and review all app 
content material. This is expected to take 2-3 hours over the course of field testing. After the first five days we 
will conduct focus groups with the end-users. Individual sessions will be conducted for those who cannot join 

Table 5. Base app components and features 
Component Features 
Educational 
material 

Educational material can be uploaded through a 
webpage including topics and content 
Application triggers notification of new content  

Communication 
tool 

Encrypted, HIPAA compliant chat between patient and 
health care worker within app 

Side-effect 
reporting 

List of symptoms and checkboxes for users to select and 
report side-effects/symptoms 

Treatment 
administration 
tracking 

Participant confirms self-administration 
Reminders for can be set up 
Screen for program manager to see participants on track 
with treatment and others lacking confirmation (Fig 2) 

Figure 6 Positive result 

Figure 5. Example of 
deployed system 



focus group and will include the “think-aloud” approach where process of use will be recorded and participant 
will be observed using the system to study how easy it is to execute the tasks.  
The following are examples of questions for TB patients:  
- What additional functionalities could help you manage your TB treatment? What educational information 

would you have liked to receive throughout treatment (e.g., at initiation, at four months)? What form of 
information do you prefer (e.g., text, video, links to websites)? At what time of day are you most likely to read 
educational messages and what content best matches what time of day? What are your biggest barriers to 
taking medication daily and what features/functions could address them? What are your concerns using an 
app for support (e.g., privacy and confidentiality)? What local resources would you want to have links to or 
more information on? What name would you recommend for the app? 

Examples of provider questions: 
- What features and functionalities could better help you support patients throughout their treatment? What 

information do you see as critical to provide to TB patients throughout their treatment? What functions would 
facilitate you managing a large patient cohort effectively? What name would you recommend for the app? 

Method and analysis: All focus group sessions and interviews will be audio-recorded and transcribed verbatim 
for analysis. Identified glitches, feedback, recommendations will be synthesized for programmers. Steps will be 
repeated after refinements made.  
Aim 3. Assess feasibility, usability, perceived usefulness, and initial efficacy of the resulting product in 
a pilot RCT.  By conducting a pilot RCT, mimicking all of the major essentials of definitive trial, I will determine 
the feasibility, usability, perceived usefulness, and further refine intervention in congruence with iterative 
framework and estimate effect size for a future definitive evaluation. The goal is to increase TB treatment success 
rates to WHO minimum 85% target and reduce rates of poor outcomes (e.g., default, drug resistance).   
Sample size: To detect a 15% increase in treatment success with 80% power and an α of 0.05 (two-tailed) a 
sample size total of 348 is required. Based on recommended sample size calculations for pilot RCT,56  9% of 
sample size of main planned trial is needed, 35 participants. The power calculation is only applicable to the 
primary outcome of treatment success and not for the subgroup analyses. To be cautious and account for an 
estimated 20% attrition, the recruitment target was increased to 46. 
Setting: Health Region V described above.  
Recruitment: All patients newly diagnosed with TB meeting inclusion criteria will be notified of the study by clinic 
staff and referred to research staff to receive full explanation and have questions answered. Signed informed 
consent will be obtained for all participants. A recruitment log will be maintained to document screened patients 
and reasons for declining participation. Patients will be enrolled on an ongoing basis, and recruitment is 
estimated to be completed in 4 months after start of recruitment.  
Inclusion/Exclusion criteria: Patients 18 years of age or older starting TB treatment for the first time, with no 
known TB drug resistance, HIV negative, owning or having regular access to a smartphone, and who are able 
to operate the mobile phone to communicate or have someone able to assist. Excluded will be patients who are 
severely ill (i.e., requiring hospitalization) or reside in the same household with another study participant. Patients 
with known drug resistance and those with HIV co-infection will be excluded because their care is managed 
separately and the treatment regimens and duration differ. Screened patients who do not meet study eligibility 
will have specific screening data (including gender, age and reason for exclusion) entered into the study 
database which data will be helpful in examining the patient population and feasibility of enrollment criteria. 
Randomization: Participants will be randomized to usual care and usual care plus app-based intervention at a 
ratio of 1:1 in blocks of 10 to ensure balanced representation in both arms. Random allocation sequence will be 
generated using http://www.randomization.com/. Opaque envelopes sequentially numbered and sealed will be 
used for treatment allocation concealment. Due to the nature of the intervention, blinding to the group allocation 
cannot be achieved for research staff. Clinicians will not be made aware of the group allocation unless their 
patient informs them.  
Usual care: Drug treatment and patient monitoring are provided free of charge in the public health system. Usual 
care consists of outpatient treatment management from the time of diagnosis (unless symptoms are severe and 
hospitalization is recommended), routine clinical and laboratory tests, and follow-up appointments determined 
by the clinician. In general, patients receive 1-2 month’s supply of medication and are asked to return monthly 
for follow-up appointments, or earlier if experiencing any problems. Patients with first treatment receive a 6-
month regimen consisting of a two-month intensive phase of four drugs (rifampicin, isoniazid, pyrazinamide, and 
ethambutol or streptomycin), followed by a four-month continuation phase with isoniazid and rifampin daily or 3 
times a week.57 Three of the four medications are provided in a combined pill, therefore testing isoniazid urine 
metabolite is an indicator of all medications ingestion except for ethambutol.  
Procedures: A local health care professional (i.e. nurse) with expertise of TB treatment protocols and the 
healthcare system will be sought to manage and monitor the messaging system/intervention, and follow-up with 
participants. The health care professional will be trained on app and platform use, research goals and protocols 

http://www.randomization.com/


by the PI and the regional TB director, Dr. Chirico. Participants will be informed that interaction with the 
healthcare staff through the app is provided within a clinic-based system and available during office hours 
(Monday-Friday) and that emergencies must be directed through standard routes. Participants randomized to 
intervention will receive verbal and written instructions as well as one-on-one demonstration of app features.  
Duration and follow-up period: This study is estimated to take about 1 year and will be conducted during years 
2 to 3 of this award. Participants will be followed for their full treatment course (approximately 6 months) after 
entering into the study. Therefore, data collection will be completed about 6 months after the last participant is 
enrolled into the study.    
Outcomes: Table 5 provides an overview of primary and secondary outcomes, hypotheses, operationalization, 
data collection and analysis methods. Treatment outcomes will be measured using standard definitions set by 
the WHO Standards of TB treatment.58 The primary outcome for initial efficacy will be treatment success based 
on WHO definitions: completed (without bacteriological confirmation) or cured (negative sputum smear at 6 
months and at least once prior to 6 months). Other treatment outcomes include: failed (sputum smear positive 
at 5 months or later), died, defaulted (treatment interruption for ≥ 2 months), lost to follow-up (diagnosed, 
treatment outcome not documented), or transferred out (transferred to another reporting unit and treatment 
outcome is unknown).32 To assess acceptability (perceived usefulness and ease of use), we will use the Mobile 
Application Rating Scale (MARS).59 The MARS has been shown to be highly reliable tool to assess app quality.59-

61 The scale includes three sections and a modifiable app-specific section: classification, quality and satisfaction 
classification section provides descriptive information about the apps. The objective app quality section includes 
19-items divided into four scales: engagement, functionality, aesthetics and information quality. The subjective 
quality section contains 4 items evaluating the user’s overall satisfaction. MARS items are scored using a 5-point 
Likert scale. The final MARS scores include four subscale scores, a total mean score, subjective quality score 
and an app-specific subscale that assesses perceived impact on the user’s knowledge, attitudes, and intentions 
to change as well as likelihood of changing targeted behaviors. The MARS total mean score describes the overall 
quality of an app, while the mean engagement, functionality, aesthetics, and information quality subscale scores 
can be used to describe its specific strengths and weaknesses. Participants will be asked questions similar to 
those in Aim 2 and specifically about urine test strip use. 

Table 5. Overview of variables, hypotheses, operationalization & data collection  
Outcome/Variable Hypothesis Outcome measure Analysis Measurement point 
 T0 T1 T2 T3 
Primary outcomes     
     Treatment outcomes I > C success 

I < C other 
Treatment success rate (%) 
Other outcomes (failed, default, died, 
lost to follow-up) 

χ2 test    X 

     Acceptability*  MARS scale (Likert scale) Descriptive/ 
qualitative 

   X 

     Program evaluation  Feasibility, ease of use, home drug 
metabolite testing, recommendations 

Descriptive/ 
qualitative 

   X 

Secondary outcomes        
Global Health PROMIS 
SFv1.1 

I>C CDE outcome for self-management  X   X 

WHOQoL-BREF 
measures 

       

     Level of engagement*  # of messages: notification, side 
effects, questions 

Descriptive X X X X 

     TB knowledge I > C Change in TB knowledge score t-test X   X 
     Appointment attendance I > C Mean proportion χ2 test  X X X 

Cost accounting  Log of intervention costs Descriptive X X X X 
   Subgroup analyses 

Gender 
Age 
Mobile phone access type 
Time to clinic 

 
Female>male 
Older>younger 
Personal>shared 
≤30> >30 min 

  
χ2 test 

    

Note: I=intervention, C=control; PROMIS= Patient-Reported Outcomes Measurement Information System; CDE=common data elements; 
T0 Screening, T1 Baseline, T2, 2 months, T3 6 months, * = data collected from intervention group only 

Secondary outcomes include the Global Health Patient-Reported Outcomes Measurement Information System 
(PROMIS) short form,62 TB knowledge, level of tool engagement, appointment attendance and cost accounting. 
The Global Health SF is a recommended outcome measure for self-management, includes 10 items, is available 
in the Spanish language, and can be integrated into REDCap. TB knowledge will be assessed using items from 
the Tuberculosis Knowledge Assessment Questionnaire at pre and post-intervention.25 Items include questions 
focused on exploring knowledge about: causes and symptoms of TB (5 items), TB transmission (4 items), TB 
treatment (2 items), and TB prevention (5 items)(Appendix C). The questions are structured to answer (yes, no, 
I don’t know). For those randomized to app, I will evaluate the level of engagement with the intervention (e.g., 
percentage of notification without a reminder, number of questions, number of reported side effects).  



Data collection methods: Baseline survey will use NINR common data elements of main and form administration 
and demographics using the Computer Assisted Interview.62 The web based interface will collect all incoming 
and outgoing messages and capture instances of participants not notifying. Medical records or national 
registry will be reviewed to collect treatment outcomes, including sputum sample results if collected or rationale 
why they samples were not ordered (e.g., patient without cough/sputum). Data convergence will be used to 
assess treatment adherence: notification of self-administration, sputum sample, report of no symptoms, and drug 
metabolite test results. Metabolite tests will be done in home and time-stamped through app. An exit survey will 
be given to all intervention group participants via app survey or text message and will include: Likert scale 
questions on acceptance (e.g., was intervention helpful in you completing your treatment, would you recommend 
to others), open ended questions for problems and recommendations, and 10 item Global Health PROMIS 
SFv1.1. I will conduct in-depth semi-structured qualitative interviews with a minimum of 10 intervention group 
participants and 5 healthcare team personnel (director, clinician, social worker, nurse, and ancillary staff). I will 
attempt to interview participants from each of the following groups: had abandoned treatment, had difficulties, 
and those who completed successfully. Interviews questions include identifying challenges, bottlenecks, if 
intervention meet needs, confidentiality concerns, and recommendations. Interviews will be recorded and 
transcribed verbatim.63  
Data Analysis/Interpretation: All analyses will be based on intention-to-treat. Statistical analyses will be 
performed using IBM SPSS, version 20 (Chicago, IL). Independent-sample t-tests will be conducted for 
continuous outcomes and chi-square test for dichotomous or categorical variables. Standard descriptive 
statistics of frequency, central tendency, and dispersion will be used to describe each sample. A p-value less 
than 0.05 will be set to detect a statistically significant difference for all analyses. I will compare group baseline 
characteristics including: age, gender, education, travel time to center, take other medication on a regular basis, 
and baseline TB knowledge. For qualitative data, the transcripts will be entered into Nvivo to organize and 
iteratively code using thematic and descriptive qualitative methods.64,65  
Potential Problems and Alternatives: Potential IT issues: Participants may lose or change phones, have 
dead battery after power outages and loss of service while traveling during the intervention, which occurred in 
the pilot study. One participant later notified the study team that his phone was stolen. These factors will be 
documented to understand the degree to which they might affect a larger scale intervention. Access to mobile 
phones: Smartphone access is rapidly increasing globally. Although there are more mobile phone subscriptions 
than people in Argentina, all potential participants may not have access to a smartphone. In our pilot study there 
were only 2 (2.2%) who did not qualify for mobile phone access reason. I do not plan to give potential participants 
mobile phones and will record the reasons for ineligibility into study. Likewise, in a real world situation mobile 
phones would likely not be allocated to newly diagnosed patients. Social desirability bias: Self-reporting 
adherence by texting-in raises concern for assurance of medication adherence and social desirability bias. When 
patients receive treatment by self-administration, treatment completion is extrapolated from returning to 
healthcare visits and picking up ordered medication, conducting sputum smear tests, and reporting of no 
symptoms. To mitigate social desirability of reporting adherence, we will use data convergence of sputum 
samples, report of no symptoms, and metabolite test results. Confounding factors: nonspecific effects of the 
intervention. We considered the option of the comparison group to be attention control one; however, because 
this does not mimic usual care and requires additional resources, we decided against this option.  
Feasibility: Spanish language/Investigator: With my experiences living in South America for extended periods 
(nearly 3 years total) I am proficient in reading, writing, and communicating in Spanish. I will be able to 
successfully communicate with the healthcare team and participants; however, if language issues arise, Dr. 
Rubinstein is bilingual with Spanish as his first language and Dr. Chirico is proficient in reading and 
comprehension of English. The regional TB director and regional TB social worker, with whom I will collaborate, 
will also be available and will serve as local coordinators, TB experts, and Spanish language verifiers. 
Recruitment: There are over 10,000 new TB cases per year in Argentina, half of which are identified in the 
Province of Buenos Aires. Health Region V had 1020 cases in the last analyzed cohort. During recruitment 
phase, in the event that there are insufficient number of subjects, I will enroll additional study sites such as 
another regional public hospital with the assistance of onsite co-mentor Dr. Rubinstein. He recently completed a 
prospective cohort study recruiting from 47 different healthcare facilities from 16 different departments. The 
proposed study will take place at one large public hospitals where there is a higher concentration of cases. IT 
logistics: Refining and adding features to an open-source software is realistic and achievable. Given Dr. Lober’s 
(co-mentor) experiences with successfully implemented apps and international mHealth interventions, he will 
supervise the IT component of app refining, implementation and trialing.  
Timeline: Table 6 provides timeline of the proposed research activities under this award.  

Table 6. Timeline of Proposed Research 
Activities 



Future Directions: If intervention is found to be feasible, 
acceptable, and efficacious in pilot RCT, a subsequent R01 
application will propose a comparative effectiveness evaluation 
comparing app to mixed strategies and directly observed therapy. 
The ultimate goal is to plan for a sustainable, scalable, and easily 
adaptable intervention managed by local healthcare teams. 
Because of a significant percentage of foreign born TB cases in the 
US originated from a Spanish speaking country the intervention 
could be trialed in other Spanish speaking settings where treatment support is limited or could be adapted for 
latent TB infections in the US (with rates of abandonment over 50%)66 or other chronic or long term treatment 
regimens where patients self-administer, have poor adherence, and limited treatment support. 
 
Statistical Design and Power 

Sample size: To detect a 15% increase in treatment success with 80% power and an α of 0.05 (two-tailed) a 
sample size total of 348 is required. Based on recommended sample size calculations for pilot RCT,55  9% of 
sample size of main planned trial is needed, 35 participants. The power calculation is only applicable to the 
primary outcome of treatment success and not for the subgroup analyses. To be cautious and account for an 
estimated 20% attrition, the recruitment target was increased to 46. 
 

Data Analysis/Interpretation: All analyses will be based on intention-to-treat. Statistical analyses will be 
performed using IBM SPSS, version 20 (Chicago, IL). Independent-sample t-tests will be conducted for 
continuous outcomes and chi-square test for dichotomous or categorical variables. Standard descriptive 
statistics of frequency, central tendency, and dispersion will be used to describe each sample. A p-value less 
than 0.05 will be set to detect a statistically significant difference for all analyses. I will compare group baseline 
characteristics including: age, gender, education, travel time to center, take other medication on a regular 
basis, and baseline TB knowledge. For qualitative data, the transcripts will be entered into Nvivo to organize 
and iteratively code using thematic and descriptive qualitative methods. 

 

Activity Year 
1 

Year 
2 

Year 
3 

6month increments 1 2 3 4 5 6 
Coursework       
Aim 1       
Aim 2       
Aim 3       
Analysis       
Submit R01       
Result dissemination       



REFERENCES 
1. World Health Organization. Global Tuberculosis Report 2015. Geneva, Switzerland: WHO, 2015. 
2. World Health Organization. End TB Strategy. 2015. 
3. Mitchison DA. How drug resistance emerges as a result of poor compliance during short course chemotherapy 
for tuberculosis. Int J Tuberc Lung Dis 1998; 2(1): 10-5. 
4. Maartens G, Wilkinson RJ. Tuberculosis. Lancet 2007; 370(9604): 2030-43. 
5. Osterberg L, Blaschke T. Adherence to medication. The New England journal of medicine 2005; 353(5): 487-97. 
6. World Health Organization. What is DOTS? A guide to understanding the WHO-recommended TB control 
strategy known as DOTS, 1999. 
7. Volmink J, Garner P. Directly observed therapy for treating tuberculosis. The Cochrane database of systematic 
reviews 2007; (4): CD003343. 
8. United Nations. Sustainable Development Goals. 2015. 
http://www.un.org/sustainabledevelopment/sustainable-development-goals/. 
9. DiStefano MJ, Schmidt H. mHealth for Tuberculosis Treatment Adherence: A Framework to Guide Ethical 
Planning, Implementation, and Evaluation. Glob Health Sci Pract 2016; 4(2): 211-21. 
10. World Health Organization. Digital Health for the End TB Strategy: An Agenda for Action Geneva, Switzerland, 
2015. 
11. Chaiyachati KH, Ogbuoji O, Price M, Suthar AB, Negussie EK, Barnighausen T. Interventions to improve 
adherence to antiretroviral therapy: a rapid systematic review. Aids 2014; 28 Suppl 2: S187-204. 
12. Iribarren SJ, Schnall R, Stone PW, Carballo-Dieguez A. Smartphone Applications to Support Tuberculosis 
Prevention and Treatment: Review and Evaluation. JMIR Mhealth Uhealth 2016; 4(2): e25. 
13. Iribarren SJ, Rubinstein F, Discacciati V, Pearce PF. Listening to those at the frontline: Patient and healthcare 
personnel perspectives on tuberculosis treatment barriers and facilitators in high TB burden regions of Argentina. 
Tuberculosis Research and Treatment 2014: 14. 
14. Instituto Nacional de Enfermedades Respiratorias "Dr. Emilio Coni". Tuberculosis case notification in the 
Republic of Argentina 1985-2014 [NOTIFICACIÓN DE CASOS DE TUBERCULOSIS  EN LA REPÚBLICA ARGENTINA]. Santa Fe, 
Argentina: Departamento Programas de Salud, 2016. 
15. Iribarren S, Beck S, Pearce PF, et al. TextTB: A mixed method pilot study evaluating acceptance, feasibility and 
exploring initial efficacy of a text messaging intervention to support TB treatment adherence. Tuberculosis Research and 
Treatment 2013; Volume 2013, Article ID 349394(Article ID 349394): 12 pages. 
16. Iribarren S, Sward K, Beck S, Pearce PF, Thurston D, Chirico C. Qualitative Evaluation of a Text Messaging 
Intervention to Support Patients With Active Tuberculosis: Implementation Considerations. JMIR Mhealth Uhealth 2015; 
3(1): e21. 
17. Iribarren SJ, Beck S, Pearce PF, et al. mHealth intervention development to support patients with active 
tuberculosis. Journal of Mobile Technology in Medicine 2014; 3(2): 16–27. 
18. Calcagno JI, Iribarren SJ, Caporale JE, Pearce PF, Prabhakaran D, Pichón-Riviere A. Cardiovascular Disease and 
Health Care System Impact on Functionality and Productivity in Argentina: A Secondary Analysis. Value in Health 
Regional Issues 2016; 11: 35-41. 
19. Huffman MD, Rao KD, Pichon-Riviere A, et al. A cross-sectional study of the microeconomic impact of 
cardiovascular disease hospitalization in four low- and middle-income countries. PloS one 2011; 6(6): e20821. 
20. Banos O, Villalonga C, Garcia R, et al. Design, implementation and validation of a novel open framework for agile 
development of mobile health applications. Biomedical engineering online 2015; 14 Suppl 2: S6. 
21. Flood D, Chary A, Austad K, et al. Insights into Global Health Practice from the Agile Software Development 
Movement. Glob Health Action 2016; 9: 29836. 
22. mPOWEr - University of Washington. mPOWEr. 2016. http://mpowercare.org/ (accessed Sept 4 2016). 
23. Schnall R, Iribarren SJ. Review and analysis of existing mobile phone applications for health care-associated 
infection prevention. Am J Infect Control 2015; 43(6): 572-6. 
24. Schnall R, Mosley JP, Iribarren SJ, Bakken S, Carballo-Dieguez A, Brown Iii W. Comparison of a User-Centered 
Design, Self-Management App to Existing mHealth Apps for Persons Living With HIV. JMIR Mhealth Uhealth 2015; 3(3): 
e91. 
25. Solliman MA, Hassali, M. A., Al-Haddad, M., Hadida, M. M., Saleem, F., Atif, M., & Aljadhey, H. . Assessment of 
Knowledge towards Tuberculosis among general population in North East Libya. Journal of Applied Pharmaceutical 
Science 2012; 02(04): 24-30. 

http://www.un.org/sustainabledevelopment/sustainable-development-goals/
http://mpowercare.org/


26. Guo JW, Iribarren SJ. Reporting Quality for Abstracts of Randomized Controlled Trials in Cancer Nursing 
Research. Cancer Nurs 2014. 
27. Staggers N, Iribarren S, Guo JW, Weir C. Evaluation of a BCMA's Electronic Medication Administration Record. 
West J Nurs Res 2015; 37(7): 899-921. 
28. Riley WT, Glasgow RE, Etheredge L, Abernethy AP. Rapid, responsive, relevant (R3) research: a call for a rapid 
learning health research enterprise. Clin Transl Med 2013; 2(1): 10. 
29. Iribarren S, Sward, K., Beck, S., Pearce, P.F., Thurston, D., & Chirico, C. Qualitative evaluation of an mHealth 
intervention to support patients with active tuberculosis: Implementation considerations. JMIR Mhealth Uhealth 2015; 
3(1): e21. 
30. Kushniruk AW, Borycki EM. Integrating Low-Cost Rapid Usability Testing into Agile System Development of 
Healthcare IT: A Methodological Perspective. Studies in health technology and informatics 2015; 210: 200-4. 
31. The White House OotPS. National Action Plan for Combating Multidrug-Resistant Tuberculosis. 2015. 
32. World Health Organization. Global Tuberculosis Report 2014. http://www.webcitation.org/6aiHkBA5a; 
http://apps.who.int/iris/bitstream/10665/137094/1/9789241564809_eng.pdf?ua=1 (accessed 2015 July 9). 
33. Hill PC, Stevens W, Hill S, et al. Risk factors for defaulting from tuberculosis treatment: A prospective cohort 
study of 301 cases in the Gambia. Int J Tuberc Lung Dis 2005; 9(12): 1349-54. 
34. Khan MA, Walley JD, Witter SN, Imran A, Safdar N. Costs and cost-effectiveness of different DOT strategies for 
the treatment of tuberculosis in Pakistan. Directly Observed Treatment. Health Policy Plan 2002; 17(2): 178-86. 
35. Sanchez AI, Bertolozzi MR. Beyond DOTS (Directly Observed Treatment Short-Course) in tuberculosis' control: 
Interfacing and sharing needs. Rev Lat Am Enfermagem 2009; 17(5): 689-94. 
36. Tuberculosis Coalition for Technical Assistance. International Standards for Tuberculosis Care (ISTC). Diagnosis, 
Treatment, Public Health. 2nd ed. The Hague, 2009. 
37. World Health Organization. TB country profile Argentina, 2014. 2014. 
http://www.who.int/tb/country/data/profiles/en/. 
38. GSMA. Socio-Economic impact of mHealth An assessment report for the European Union 2013. 
39. Mendoza G, Okoko L, Konopka S, Jonas E. mHealth Compendium, Volume Three. Arlington, VA: African 
Strategies for Health project, Management Sciences for Health; 2013. 
40. Nieuwlaat R, Mistry N, Haynes RB. Mobile Text Messaging and Adherence of Patients to Medication 
Prescriptions: A txt a dA keeps da doctR awA? JAMA Intern Med 2016; 176(3): 350-1. 
41. Thakkar J, Kurup R, Laba TL, et al. Mobile Telephone Text Messaging for Medication Adherence in Chronic 
Disease: A Meta-analysis. JAMA Intern Med 2016; 176(3): 340-9. 
42. Bailey SC, Belter LT, Pandit AU, Carpenter DM, Carlos E, Wolf MS. The availability, functionality, and quality of 
mobile applications supporting medication self-management. Journal of the American Medical Informatics Association : 
JAMIA 2014; 21(3): 542-6. 
43. Hoffman JA, Cunningham JR, Suleh AJ, et al. Mobile direct observation treatment for tuberculosis patients: A 
technical feasibility pilot using mobile phones in Nairobi, Kenya. American journal of preventive medicine 2010; 39(1): 
78-80. 
44. Wade VA, Karnon J, Eliott JA, Hiller JE. Home videophones improve direct observation in tuberculosis treatment: 
A mixed methods evaluation. PloS one 2012; 7(11): e50155. 
45. Belknap R, Weis S, Brookens A, et al. Feasibility of an ingestible sensor-based system for monitoring adherence 
to tuberculosis therapy. PloS one 2013; 8(1): e53373. 
46. Guerra RL, Conde MB, Efron A, et al. Point-of-care Arkansas method for measuring adherence to treatment with 
isoniazid. Respir Med 2010; 104(5): 754-7. 
47. Soobratty MR, Whitfield R, Subramaniam K, et al. Point-of-care urine test for assessing adherence to isoniazid 
treatment for tuberculosis. Eur Respir J 2014; 43(5): 1519-22. 
48. Rubinstein F, Bernachea, M.P., Klein, K, Zurbrigk, F, Iribarren, S, Chirico, C, Gibbons, L,. TB treatment strategies 
and risk of default: a quasi-experimental study The International Journal of Tuberculosis and Lung Disease; 2016; 
Liverpool, UK; 2016. 
49. Fisher JD, Fisher WA, Amico KR, Harman JJ. An information-motivation-behavioral skills model of adherence to 
antiretroviral therapy. Health Psychol 2006; 25(4): 462-73. 
50. Munro S, Lewin S, Swart T, Volmink J. A review of health behaviour theories: how useful are these for developing 
interventions to promote long-term medication adherence for TB and HIV/AIDS? BMC public health 2007; 7: 104. 
51. Schoenfeld D. Statistical considerations for pilot studies. Int J Radiat Oncol Biol Phys 1980; 6(3): 371-4. 

http://www.webcitation.org/6aiHkBA5a
http://apps.who.int/iris/bitstream/10665/137094/1/9789241564809_eng.pdf?ua=1
http://www.who.int/tb/country/data/profiles/en/


52. FrontlineSMS. FrontlineSMS 1.6.16.3 ed: kiwanja.net; 2011. 
53. Volpp K. A healthcare revolution: Behavioral economics for behavior change and preventive medicine. NIH 
Office of Behavioral and Social Sciences Research; 2015. 
54. Amlabu V, Mulligan C, Jele N, et al. Isoniazid/acetylisoniazid urine concentrations: markers of adherence to 
isoniazid preventive therapy in children. Int J Tuberc Lung Dis 2014; 18(5): 528-30. 
55. Chirico C, Kuriger A, Etchevarria M, Casamajor L, Morcillo N. [Anti- tuberculosis treatment evaluation in northern 
districts of Buenos Aires suburbs]. Medicina (B Aires) 2007; 67(2): 131-5. 
56. Cocks K, Torgerson DJ. Sample size calculations for pilot randomized trials: a confidence interval approach. J Clin 
Epidemiol 2013; 66(2): 197-201. 
57. Instituto Nacional de Enfermedades Respiratorias. Programa Nacional de Control de la tuberculosis. Normas 
tecnicas (National Tuberculosis Program. Technical standards), 2002. 
58. World Health Organization. Treatment for Tuberculosis: Guidelines (4rd Edition) WHO/HTM/TB/2009.420, 2010. 
59. Stoyanov SR, Hides L, Kavanagh DJ, Zelenko O, Tjondronegoro D, Mani M. Mobile app rating scale: a new tool for 
assessing the quality of health mobile apps. JMIR Mhealth Uhealth 2015; 3(1): e27. 
60. Mani M, Kavanagh DJ, Hides L, Stoyanov SR. Review and Evaluation of Mindfulness-Based iPhone Apps. JMIR 
Mhealth Uhealth 2015; 3(3): e82. 
61. Masterson Creber RM, Maurer MS, Reading M, Hiraldo G, Hickey KT, Iribarren S. Review and Analysis of Existing 
Mobile Phone Apps to Support Heart Failure Symptom Monitoring and Self-Care Management Using the Mobile 
Application Rating Scale (MARS). JMIR Mhealth Uhealth 2016; 4(2): e74. 
62. Moore SM, Schiffman R, Waldrop-Valverde D, et al. Recommendations of Common Data Elements to Advance 
the Science of Self-Management of Chronic Conditions. Journal of nursing scholarship : an official publication of Sigma 
Theta Tau International Honor Society of Nursing / Sigma Theta Tau 2016; 48(5): 437-47. 
63. Lincoln Y, Guba E. Naturalistic Inquiry. Newbury Park, CA: Sage Publications; 1985. 
64. Creswell JW, Klassen, A. C., Plano-Clark, V. L., Smith, K. C., for Office of Behavioral and Social Sciences Research. 
Best practices for mixed method research in the health sciences (2nd ed). Bethesda: National Institutes of Health, 2018. 
65. Johnson RB, Onwuegbuzie AJ. Mixed methods research: A research paradigm whose time has come Educational 
Researcher 2004; 33(7): 14-26. 
66. Li J, Munsiff SS, Tarantino T, Dorsinville M. Adherence to treatment of latent tuberculosis infection in a clinical 
population in New York City. Int J Infect Dis 2010; 14(4): e292-7. 

 


