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ABSTRACT

Ensuring that presumptive tuberculosis patients referred from private hospitals have reached their
points of referral is key to achieving better tuberculosis control efforts. Although mobile health
technologies have been recommended by the World Health Organization as emerging opportunities
for closing gaps through enhancing public private mix, there is a lack of frameworks to guide the

development of these interventions.

The user-centered design approach was adopted in this research to develop a mobile health framework
for designing a mobile application to support the follow-up of presumptive TB patients referred from
private to public hospitals in southwestern Uganda. The research employed mixed qualitative and
quantitative methods to achieve its objectives. The research involved 35 in-depth interviews with
healthcare workers purposively selected from both private and public facilities and 35 interviewer-

administered surveys with the same respondents.

Mobile health may offer low-cost alternative approaches for supplementing and enhancing private
hospitals’ tuberculosis care efforts. A mobile health framework for guiding the design of a mobile
health application to support the following up of presumptive TB patients referred from private to
public hospitals was developed. Subsequently, a mobile health app (known as Tuuka) was developed
to demonstrate the potential of the developed framework and to validate it. A policy framework
emerged from lessons learned and suggestions for implementation of the developed mobile

application in Uganda.

This thesis identifies mobile health interventions utilized for public private mix, demonstrates how a
mobile health framework can be developed and presents how a policy framework for implementing

the developed mHealth intervention.
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CHAPTER ONE: INTRODUCTION

1.1 Background to the subject area under investigation

Tuberculosis (TB) is ranked 13" leading cause of death globally and the second leading infectious disease

after coronavirus disease (COVID-19) (WHO, 2021b), despite its being curable and preventable. TB is

also a leading killer of people infected with human immunodeficiency viruses (HIV) (CDC, 2016). A

total of 10 million people fell ill with TB globally in 2020 with the majority (98%) of these reported
cases in low and middle-income countries. In addition, a total of 1.5 million TB deaths were registered

in 2020 including 214,000 people living with HIV (WHO, 2021b) up from 1.4 million including 209,000

patients living with HIV) deaths in 2019.

The African region remains with the highest TB incidence: 220 (195-245) per 100,000 compared to the
rest of the regions globally like southeast Asia Region: 211 (169-258) per 100,000; Eastern
Mediterranean region: 112 (89-138) per 100,000; Western Pacific region: 93 (76-110) per 100,000;

PAHO region of the Americas: 29 (26-31) and Europe: 25 (22-28) per 100,000 (WHO, 2021a). TB illness

is associated with catastrophic costs for both the patients and their households which greatly limits their

ability to access TB care services like diagnosis, treatment, and successful treatment completion.

Uganda is among the 30 high TB burden countries and 30 high TB/HIV burden countries, with a TB
incidence of 196 (117-296) per 100,000 and 65 (39-98) per 100,000 people living with HIV. According
to the recent Global TB report 2022, these high burden TB countries have contributed to the total of 87%
of all global TB cases (WHO, 2022). These countries include, Philippines (650), Lesotho (614), Central
African Republic (540), Gabon (514), South Africa (513), Democratic People’s Republic of Korea (513),
Namibia (457), Mongolia (428), Papua New Guinea (424), Congo (370), Mozambique (361), Myanmar
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(360), Indonesia (354), Angola (325), Democratic Republic of Congo (318), Liberia (308), Zambia (307),
Sierra Leone (289), Pakistan (264), Kenya (251), Bangladesh (221), Nigeria (219), United Republic of
Tanzania (208), India (210), Uganda (199), Vietnam (173) Thailand (143), Ethiopia (119), Brazil (48)

China (55).

The majority (98%) of TB deaths occur in developing countries affecting mostly the young adults, thus
negatively affecting their productive years and these countries continue to struggle towards achieving
the 2035 global targets of the End-TB strategy. These include achieving a 95% decline in deaths due to
tuberculosis compared with 2015, reaching an equivalent 90% reduction in tuberculosis incidence rate
from a projected 110 cases/100 000 in 2015 to 10 cases/100 000 or less by 2035 and that by 2020, no
tuberculosis-affected person or family should face costs that are catastrophic because of tuberculosis care

(WHO, 2015a). On average, Drug Sensitive TB (DS-TB) patients and Multi-Drug Resistant TB (MDR

TB) patients spend $369 and $3722 respectively on TB-related care in Uganda (MOH, 2019).

The lack of mechanisms for following the referred patients results in delays in drug initiation which
hinder successful treatment and prevention efforts. The median total delay among pulmonary TB patients

seeking healthcare at a regional referral hospital in Uganda is 13 weeks (Muttamba et al., 2019). This

delay increases the probability of disease transmission at a family and community level due to the number

of patients who are lost to follow-up (30 to 60%) (Alizadeh et al., 2019). The probability of community

transmission in Uganda is 0.21 to 0.69 depending on the household contact and HIV status of the index

case (Mclntosh et al., 2019) with children being at a risk of being infected compared to adults. This has

increased the severity of TB in Uganda as shown by the TB incidence rate of 196 (117-296) per 100,000
and 65 (39-98) per 100,000 people living with HIV and being included among the high TB burden

countries (WHO, 2021b). Delay in presentation, diagnosis, and treatment of TB increases the morbidity
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and mortality of the disease and increased transmission rates of TB in the community (Muttamba et al.,

2019, Kiwuwa et al., 2005), and increases catastrophic costs on the side of the patient.

Intensified research and innovation is one of the pillars for achieving these targets, under which research
to optimize implementation and impact, and promote innovations is a major action. It has been reported
that indeed most innovations cannot be translated into effective local action without careful planning and

adaptation, and partnership with stakeholders (WHO, 2014).

1.1.1. Public Private Mix

Originally, the private health sector was excluded from providing public health initiatives like TB
programs since the government was perceived to be a better place to offer promotive, preventive, curative
components of healthcare (WHO, 2001). However, due to the increase in the global TB burden, which
overwhelmed the National Tuberculosis Programs, a need to shift and involve all healthcare workers in
TB care including private providers arose. This was a strategic action in response to high estimate of TB
prevalence globally, for the provision of TB services and to supplement and expand the Directly
Observed Treatment Short-course (DOTS) (WHO, 2001). The consideration to involve private healthcare
providers was due to their being among the key stakeholders that “treat a large portion of TB patients
who may be distant from the national TB programme” (WHO, 2017b). In 2003, the WHO introduced

Public Private Mix (PPM) in 2003 (Uplekar, 2003).

Public private mix (PPM) is defined as various strategies and approaches that link all healthcare entities
from both private and public sectors to national tuberculosis programs for the expansion of Directly

Observed Treatment Short-course (DOTS) activities and TB care services provision (WHO, 2004).



Empirical evidence from the implementation of PPM yielded improved case detection and holding in

Nigeria (Asuquo et al., 2015), Myanmar (Nwe et al., 2017), and India (Dewan et al., 2006).

Public private mix has proved to be a cost-effective approach for TB care by reducing the financial
burden from patients receiving TB care (cost of drugs) in the private sector (Anand et al., 2017). Although
global progress has been registered in the involvement of private providers and the implementation of
PPM, a large number of healthcare providers remain minimal (Uplekar, 2016) despite meeting a quite

large number of patients.

1.1.2. Private Hospitals Involvement in TB care

Private health facilities include all non-state-owned enterprises and individuals in the provision of
healthcare services. They range from mobile drug dealers/suppliers and individual clinic operators to

corporate private hospitals (Mackintosh et al., 2016) and private-not-for-profit (PNFPs) which are

usually subsidized by the government (Buregyeya et al., 2017).

Globally, TB control and care efforts have majorly been focused on the public sector even when over
49% and 81% of patients in sub-Saharan Africa and Asia respectively present TB symptoms initially to

private/non-qualified (informal sector) (Wells et al., 2015). And in the process, these multiple visits from

different providers result in excessive out-of-pocket expenditure on the patient’s side (Tanimura et al.,

2014) and substantially delayed diagnosis. Collaborating with different providers has the potential to

improve and expand the implementation of PPM (Uplekar, 2016), therefore bringing private providers

on board as early as possible is key to ensuring better health outcomes (Bennett et al., 2017).




The provision of TB care services in the private healthcare settings in low and middle-income countries
is characterized by limited institutional capacity and weak integration of the TB control into general

health services as seen in Nigeria (Ogbuabor and Onwujekwe, 2019), as well as patchy participation of

the private providers and distrust from the public sector in India (Anand et al., 2017). In addition, the

private sector is also coupled with a frequent loss to follow up among the TB patients being treated as

seen in Myanmar (Nwe et al., 2017), and varying diagnostic, referral, and treatment services with the

potential of amplifying the risk of drug resistance (Anand et al., 2017, Hudson et al., 2018).

In 2018, an estimate of one-third of the total individuals who developed TB was not detected and notified

by the National Tuberculosis Programs (WHO, 2019) and this was more noticeable in settings with the

large private sector in high TB burden countries (Stallworthy et al., 2020). Given the significant role

played by the private sector in the provision of TB services, the WHO highly recommends the
engagement of private healthcare providers as a strategic action in response to a high estimate of TB

prevalence globally, for the provision of TB services (WHO, 2001). The deliberate and systemic

engagement of private healthcare workers can potentially enable better TB management outcomes and
is crucial in enhancing the reduction of unnecessary deaths and sufferings due to substandard diagnosis,
inappropriate treatment, and care that characterize the private sector, which in the long run, leads to the

reduction in catastrophic costs (WHO, 2018c).

In Uganda, 48% of the population prefer seeking healthcare services in private hospitals compared to
34% who prefer government hospital facilities and 17.6% who prefer, privately owned pharmacies,

village health teams, and traditional practitioners (UBOS, 2018). This wide client base makes private

providers key players in the healthcare service delivery in Uganda (USAID, 2017). However, most

private health facilities in Uganda are incapacitated to provide TB treatment and care (\Wynne et al.
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2014) they screen patients for symptoms and refer them for better management in public health facilities.

Only public hospitals and a handful of private hospitals offer TB treatment (Sendagire et al.,

2010, Buregyeya et al., 2014). According to the NTLP (2017), Out of 1336 diagnostic TB units (DTU),

only nine private hospitals and 56 Private not-for-profits (PNFP) health facilities have laboratories
providing TB Microscopy in Uganda. In addition, of the 111 installed Xpert MTB machines, Only 15
are found in private facilities (13 PNFP and 2 private clinics). The rest are in the public facilities. Most
private hospitals lack capacity in terms of laboratory facilities to diagnose TB in case of suspicion—
these end up being referred to government-owned health centers where TB diagnostic facilities and

treatment services are found (Wynne et al., 2014). When patients are suspected of TB from a private

health facility, they are issued referral notes from the healthcare workers which they present in high-level

facilities (public) for better management and care (Mugisha, 2018).

Despite the referrals, patients often delay going to the referral units mainly due to the reluctance to
transfer from private facility to public facility. Most patients from private healthcare providers end up
getting lost to contact (30 to 60%) on referral since it is usually difficult to know whether the referred

patients reached the referral health units and were initiated on TB treatment (Choun et al., 2017a) and

(O’hanlon etal., 2017). This lack of patient follow-up mechanisms has led to increased delayed diagnosis

and treatment initiation and lost follow-up and contact after referral. This has consequently resulted in
increased disease severity, prolonged duration of infectivity and transmission at the household level,

increased household expenditure in managing TB, increases the risk of drug resistance (Law et al., 2017),

worsens the patients’ health conditions, and eventually leads to death in the long run (\Wood et al., 2010).

There is a need for combined efforts for strengthening and establishing mechanisms (Buregyeya et al.,

2014) for enhancing the tracking of patients to ensure that they reach the referral unit (Choun et al.

2017a).



The limited involvement of the private sector in TB care (MOH, 2017b) has resulted in increased

prevalence and incidence of TB cases due to delayed case detection, lack of follow-up, and non-
medication adherence. Consequently, catastrophic costs (spending at least 20% of household income on

TB care) (MOH, 2019) in terms of managing Drug Sensitive TB (DS-TB) patients and Multi-Drug

Resistant TB (MDR TB) to patients and their families (WHO, 2018b), increased risk of both untreated

and undertreated infections and drug resistance (Cohen et al., 2016) among patients become inevitable.

Several approaches have been identified and put in place for ensuring systemic and scalable effort for
engaging the private hospitals in TB control and care like contracting which involves the utilization of

public funds to engage the private entities to deliver services (Bennett et al., 2017). This requires the

definition of who does what in regards to implementation (\Wells et al., 2015). However, the inability to

design and manage these contracts by both the public and the private facilities hampers the process of
implementation. On the other hand, regulation as another method of engagement that involves the

establishment of standards and policies to ensure appropriate case management (Bennett et al., 2017)

suffers inadequate enforcement due to the weak health systems capacity in high TB burden countries,
most of these regulations are not followed. Funding which constitutes the major pillar of enhancing the

PPM is still inadequate for ensuring proper implementation of the approach.

To address the current gap in PPM for TB care, guidelines for enabling the standardization of PPM for
TB were developed in 2018 by Uganda stop TB partnership and the Ugandan Ministry of Health/NTLP.
According to this report, the implementation of PPM in Uganda is conducted via a phased approach to
enable the engagement of private facilities in TB service provision through training and mentorship, to
build the capacity of the participating private health facilities. Progress indicates that a handful of private
health practitioners including doctors, nurses, and laboratory personnel from six districts (Mbale, Tororo,
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Jinja, Iganga, Gulu, and Kitgum) in eastern and northern Uganda were trained in the implementation of
PPM activities. In addition to this capacity building, the MOH in partnership with United States Agency
for International Development (USAID) Defeat TB project trained 20 private health practitioners to
improve quality TB care to enable private health facilities to improve TB case notification, detection,
and treatment in Kampala, Wakiso and Mukono Districts in Central region, Uganda. Although this
continuous mentorship and coaching resulted in the engagement of over 150 health facilities in the

country (MOH, 2018), facilities and healthcare workers from the southwestern part of the country have

not yet had an opportunity to be involved which affects TB care efforts in the region.

Literature about barriers and motivators of private hospitals’ engagement in TB care in Uganda is lacking.
These barriers and motivators can be holistically identified through the Consolidated Framework for
Implementation Research (CFIR) which is rich in providing a realistic structure for approaching

multilevel constructs in the real world (Damschroder et al., 2009). It largely remains unclear how to

translate the understanding of barriers and motivators into private hospitals’ engagement in TB care. The
application of CFIR to understand the barriers and motivators associated with private hospitals’
engagement in TB care is crucial in guiding the identification of a potential behavioral technique to
enable the involvement of private hospitals in active TB care. details about CFIR framework have are

discussed in chapter two section 2.8.1.

1.1.3. Potentials of mobile health technologies

Mobile health (mHealth) refers to the use of portable devices with software applications to provide

services and manage patient information (Kéllander et al., 2013). These technologies include mobile

phones, tablets, and personal digital assistants. The use of mHealth technologies (e.g. smartphone apps,

text messages, wearable devices) in supporting TB care is highly recommended by the WHO as an
8



emerging opportunity that can close the gaps in TB care (WHO, 2019). mHealth technologies are low-

cost applications that can be sensitive to both the private sector ways of working and the expectations of

the NTPs (Uplekar, 2016) with the ability to produce promising results in facilitating the engagement of

the private hospitals.

The proliferation of mobile phones globally offers an open opportunity for exploration and use especially
in low resource settings like Uganda where there are over 28.9 million mobile phone subscriptions (UCC,
2021a). mHealth interventions are less expensive, with the potential to reach a wide client base and the

hard-to-reach groups (Evans et al., 2016). The utilization of mobile technologies has the potential to

reduce the amount of time spent at health facilities, (Tumuhimbise et al., 2020) and enhance medication

adherence among patients (Musiimenta et al., 2019, Musiimenta et al., 2018a). The adoption of mHealth

has risen among healthcare workers for learning and informative purposes (Pande et al., 2017a), data

collection (Ali et al., 2016b), and case notification (Lestari et al., 2017). However, their adoption and

integration in the routine operations of the health sector have been slow compared to other sectors like

banking, airline, and insurance (Bhattacharya et al., 2018). There is a dearth of research about their

application in fostering PPM in Uganda. This knowledge would practically inform the future
development of mHealth interventions for engaging private health facilities in TB care. Yet the use of
such technologies can potentially address the current weak patient referral systems highlighted by Khan

and colleagues (Khan et al., 2017), the lack of appropriate patient tracking and support systems, and the

lack of the ability to cross-link and identify patients who move between private and public sectors, which

continue to cripple the performance of TB control programs.

Although mHealth technologies can potentially enhance the involvement of the private sector, their

utilization in Africa remains limited (Tumuhimbise and Musiimenta, 2021a). The development of
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mHealth interventions should follow good software practices by outlining the frameworks on which they
are developed, this is because they guide the process of translating effective interventions into practice

(Moullin et al., 2020). Several frameworks have been implemented (Banos et al., 2015), (\Van De Ven et

al., 2017, Daramola and Nyasulu, 2020), however, little is known about those guiding the design of

mHealth interventions for enhancing PPM for TB care which makes translation into practice difficult.

Thus a need for new frameworks aimed at bridging this gap.

1.1.4. Mobile Health frameworks and the research gap

Despite the implementation and adoption of mHealth interventions for enhancing public-private linkage
for TB care globally, there is a lack of application frameworks guiding the design of these interventions

(Tumuhimbise and Musiimenta, 2021d). The usability of most mobile applications has been mostly

affected by user interface functionalities and limited processing power challenges (Laakko et al., 2008).

Researchers and software developers should ensure that the developed apps are effective in ensuring
better health outcomes, thus a need for tools and frameworks for supporting the development and

validation of mHealth applications (Banos et al., 2015) for TB care. Application frameworks have been

marked to speed up the development process and keep the development costs of the tailored software

relatively low (Laakko et al., 2008). For purposes of this research, a framework is an abstraction in which

the software providing generic functionality can be selectively changed by additional user-written code
thus providing application-specific software. In a scoping review that was carried out by the investigators

(Tumuhimbise and Musiimenta, 2021d), only one out of nine studies utilizing mHealth applications for

enhancing PPM documented the software framework on which the implemented mobile app was

developed. This restricts software architecture replication and implementation for applications with
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similar features and provision of support for large-scale reuse of the interventions (Fayad, 2001, Fontoura

et al., 2000).

In this thesis, a framework for guiding the design of an mHealth application for linking and following up
presumptive TB patients referred from private hospitals to public hospitals called Mobile Health
Framework (MOHE) is discussed. The thesis introduces the MOHE framework and its use and describes
a practical example of using the MOHE framework in a mobile application called Tuuka app used in
tracking the referred presumptive TB patients from private hospitals to ensure that they reach the public
hospitals (the place of referral). The framework was tested using Tuuka mobile app in the context of a
private to public hospital referral environment for initial feasibility and acceptability. To concretize the
implementation of the developed mHealth intervention, a policy framework called TRILI that emerged

from the lessons learned and recommendations from the study findings is also introduced.

1.2 Problem statement

Lack of mechanisms for following up TB patients from private clinics who are referred to public hospitals
(Sulis and Pai, 2017, Khan et al., 2017) has led to increased delayed diagnosis (Getnet et al., 2017) and
treatment initiation (Okethwangu et al., 2019, Muttamba et al., 2019, Buregyeya et al., 2014), and lost
follow-up/contact after referral. This has consequently resulted into increased disease severity, prolonged
duration of infectivity (Jurcev-Savicevic et al., 2013) and transmission at household level, increased
household expenditure in managing the disease, increases the risk of drug resistance (Law et al., 2017),

worsens the patients’ health conditions and eventually leads to death in the Long run (Wood et al., 2010).

Although the use of mHealth technologies in TB case identification and management, and patient support
is highly recommended by the WHO (WHO, 2017a) due to their ease of use, broad reach and wide global
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acceptance (WHO, 2018c), their utilization in enhancing PPM for TB care in Uganda is limited.
Although, there has been modest application of mobile health interventions for Public Private Mix in
Tuberculosis care (Choun et al 2017), literature regarding frameworks guiding the development of these
mHealth interventions for PPM intervention design (Mummah et al., 2016) which makes replication and
usability challenging. To the best of the researcher’s knowledge, the existing frameworks for PPM in TB
prevention and care (such as WHO’s Emerging Policy Framework (WHO, 2001), and SPARK model
(USTB, 2014) utilize face-to-face approaches which are restricted by geographical boundaries, and are
time consuming. Specifically, the application, feasibility, acceptability of utilizing affordable mHealth
tools in PPM for TB prevention and care remains unknown, which necessitates efforts to develop a new

framework, assess its application, acceptability, and feasibility in enhancing TB prevention and care.

1.3 Research goal, objectives and questions

The overall goal of this research is to enhance the following up of TB patients referred from private to
public hospitals through an mHealth framework in southwestern Uganda. To achieve this goal and

address the identified research problem, the following specific research objectives were formulated.

1.3.1 Research objectives

In the light of the identified research gaps, this study addresses the following objectives

1) To analyze the existing mHealth interventions for public private mix to identify their strengths and
weaknesses.

2) To explore the barriers to and motivators of private hospitals’ engagement in TB care and the
potentials of mHealth technologies to inform the design of a potential mHealth intervention using the

CFIR framework.
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3) To develop a framework for designing a mobile health application for following up presumptive TB
patients referred from private to public hospitals.

4) To assess the initial feasibility and acceptability of the developed mobile health intervention for
following up presumptive TB patients referred from private to public hospitals using the UTAUT

model.

1.3.2 Research questions

In the light of the identified research gaps, this study addresses the following questions

1) What are the strengths and weaknesses of existing mHealth interventions for PPM in TB care?

2) What are the barriers and motivators to private hospital engagement in TB care and the potentials of
mHealth technologies in enhancing PPM among private healthcare workers?

3) How can a framework for designing a mobile health application for following up presumptive TB
patients referred from private to public hospitals be developed?

4) What is the initial acceptability and feasibility of a mobile health intervention for following up

presumptive TB patients referred from private to public hospitals?

Addressing these research questions, involved four investigations each of which contributes to the

achievement of the research objectives. The investigations include:

e Research investigation one: A scoping review study
e Research investigation two: A formative qualitative study
e Research investigation three: A framework design study

e Research investigation four: A mixed-methods study
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The objective of research investigation one (a scoping review study) was to synthesize the evidence of
the existing mHealth interventions for PPM in Tuberculosis care and their effectiveness from the existing
literature. This investigation involved searching peer-reviewed literature from Google scholar,
PUBMED, IEEE Xplore, and ScienceDirect databases from 1st January 2003 to 31st December 2020 for
studies about the mHealth interventions for PPM in TB care. The review was guided by the scoping

review methodology proposed by Arksey and O' Malley (Arksey and O'Malley, 2005). Studies that

discussed the utilization of mHealth interventions for implementing PPM in TB care were included and

only nine studies met the inclusion criteria and were analyzed for review.

The objective of research investigation two (a formative qualitative study) was to explore the barriers to
and motivators of private hospitals’ engagement in Tuberculosis care and the potential of mHealth
technologies to inform the design of a potential mHealth intervention using the CFIR framework. The
study utilized in-depth interviews with 13 private healthcare workers purposively selected in June 2020
due to their active involvement in Tuberculosis care from four urban private hospitals in Mbarara City.
An inductive, content analytic approach framed by the Consolidated Framework for Implementation

Research, was used for analysis.

The objective of research investigation three (a framework design study) was to develop an mHealth
framework for the design of an android mobile application for following up presumptive TB patients
referred from private to public hospitals. A mobile application called Tuuka was developed based on the

MOHE Framework.

The objective of research investigation four (a qualitative and quantitative study) was to assess the
feasibility and acceptability of the developed mHealth intervention for linking presumptive Tuberculosis

patients referred from private to public hospitals. The study utilized in-depth interviews and
14



questionnaires based on the UTAUT model among 18 private healthcare workers involved in TB care
from three r urban private hospitals in Mbarara City, and four public healthcare workers at MRRH TB

clinic who were trained and used the application for a period of one month February 2022.

1.4. Structure of the Thesis

This thesis is structured as follows: following this introductory chapter where the subject under
investigation is presented, chapter two positions this research within the mHealth field. The review
briefly discusses the PPM, an overview of different theories for behavioral change in technology
adoption. Chapter three presents the research methodology approach adopted for this research. In this
chapter, the mixed methods, the user-centered design approaches, data collection and analysis techniques

for all the study objectives, and ethical considerations for the study are discussed.

Chapter four presents major findings of the existing mHealth interventions for PPM, the strengths and
weaknesses and also the barriers and motivators to private hospitals’ engagement in TB care, and the

potential of mHealth as an enabler for healthcare workers' engagement.

Chapter five presents the framework development process where the description of the MOHE
framework, its requirements, and modules, are discussed. The chapter also presents the Tuuka
smartphone mobile application that was developed based on the modules of the MOHE framework.
Chapter six presents the major findings of the initial feasibility and acceptability of the intervention

developed among the Healthcare workers based on the UTAUT model.

Chapter seven presents the discussion of the thesis and chapter eight is the last chapter of the thesis which

presents the research contributions (Knowledge, theoretical, technological), strengths, limitations, and
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implications for future research, the general conclusion, and final remarks about the implication for

research and practice and future research.

1.5.Rationale for this Thesis

TB is a serious global public health problem. Globally, nearly 10 million people develop TB and 1.5
million people die due to TB annually. About 98% of these cases and deaths occur in low and middle-
income countries. Uganda is faced with a high burden of TB and is ranked among the WHO’s high TB
burden countries with an incident rate of 196 (117-296) per 100,000 and 65 (39-98) per 100,000 people
living with HIV. TB is also a leading cause of death among people living with HIV/AIDS in Uganda

(MOH, 2017b).

Most TB patients initially seek care from private clinics, which are often incapacitated to provide care

(Anand et al., 2017). Private health facilities provide the majority of healthcare services in Africa and

Asia (Montagu et al., 2016). In Uganda, 48.4% of the patients seek health services first in private
hospitals, 13.6% in privately owned pharmacies compared to 34% who seek healthcare first from public

hospitals (UBOS, 2018). Private health facilities are often the first point of contact for most TB patients

before reaching the NTPs. In Uganda, the involvement of private health facilities in TB care has been

minimal with only a handful providing TB services (Buregyeya et al., 2014). This has increased delayed

case detection and treatment initiation, and non-medication adherence which can potentially explain the

increased prevalence and incidence of TB in Uganda.

Mobile health technologies have shown promise for improving TB care, but there is a lack of studies
utilizing these technologies to enhance PPM for TB prevention and care. The existing WHO Emerging

Policy Framework through which the PPM is implemented (WHO, 2001) is mainly focused on policies
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and recommendations and lacks the incorporation of mHealth technologies in the involvement of all
healthcare providers in TB care. There is a need for a centralized referral tracking system that can reduce

the number of delayed and missed referrals (Spahr et al., 2018), which ensures that patients referred from

the private hospitals have been linked to the public facility where the TB management services are. To

the best of the researcher’s knowledge, the existing frameworks for PPM for TB prevention and care

(such as WHO’s Emerging Policy Framework (WHO, 2001), and SPARK model (USTB, 2014) lack

mHealth components.

This study presents a mobile health (MOHE) framework to guide the design of an mHealth
intervention for following up presumptive TB patients referred from private to public hospitals. The
framework has the potential to reduce the missed/delays in diagnosis and treatment initiation and can
result in better patient care and management. The framework is aligned with the WHO End TB strategy

of reducing the number of TB deaths by 95% by 2035 (WHO, 2015b) and Uganda’s health sector vision

which is “to have a healthy and productive population that contributes to economic growth and economic
development”. MOHE framework is also in line with the sustainable development goal (SDG) number
three which emphasizes ensuring “good health and wellbeing” to put an end to the epidemics of AIDS

and Tuberculosis among others by 2030 (UNDP, 2015).

To the best of the researcher’s knowledge, this is the first study to utilize mHealth technologies to
follow up the referred presumptive TB patients from private to public hospitals. Thus, the study
generates new knowledge about the application, feasibility, and acceptability of the developed mHealth
intervention for enhancing PPM for TB prevention and care. This can be used as a basis for the Ugandan
MOH to improve the involvement of private hospitals in the fight against TB, thus reducing missed

referrals, as well as reducing delays in TB diagnosis and treatment initiation.
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Based on the research gaps highlighted in the above existing literature, this research is necessary for the

following four main reasons:

1. Due to the lack of clarity about which interventions that have been utilized for PPM in TB care,
conducting a scoping review of published evidence on the utilization and effectiveness of
mHealth interventions for PPM in TB care from literature, may help identify areas of
improvement.

2. Given the lack of literature about the barriers and motivators to private hospitals’ engagement in
Tuberculosis care and the potentials of mHealth technologies in enhancing PPM in Uganda, it is
important to explore the barriers to and motivators of private hospitals’ engagement in
Tuberculosis care and mHealth potentials in addressing the identified barriers to enhance PPM in
Uganda to inform the design of a future mobile intervention.

3. Thereis lack of frameworks for guiding the design of mobile applications (Mummah et al., 2016a)
for following up presumptive TB patients referred from private to public hospitals.

4. Given the current global efforts to engage the private sector in TB care efforts, understanding the
feasibility and acceptability of the developed mHealth application can generate important insights

for guiding practice and research.

The research presented in this thesis documents a review of published evidence on the utilization of
mHealth interventions for PPM in Tuberculosis care, presents an exploratory analysis guided by the CFIR
framework that explored context-specific barriers and motivators to private hospitals’ engagement in TB
care in Uganda. In addition the potentials of mHealth technologies for enhancing TB care were also
explored to better inform the design of behavioural interventions that are aimed at enhancing the
involvement of private hospitals in TB care. The thesis presents an implementation framework called
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MOHE Framework for guiding the design of Tuuka mobile application for following up presumptive TB
patients referred from private to public hospitals in southwestern Uganda. And lastly assesses the initial

feasibility and acceptability of the developed mobile application.

This chapter (chapter 1) outlined a general introduction to the study by highlighting the background of
the subject area under investigation, the research problem, the research objectives, and questions to guide
the research investigation. The general literature about mHealth for TB care is discussed in the next

chapter (chapter 2).
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CHAPTER TWO: LITERATURE REVIEW

2.1 Introduction

This chapter analyses literature in relation to this study, the researcher provides an overview of mHealth
for TB care on a global scale, in developing countries, and in Uganda. The section gives an overview of
the utilization of mHealth for enhancing PPM in TB care, offers an overview of frameworks for guiding
the implementation of PPM and those guiding the design of mHealth interventions, discusses the
feasibility and acceptability of mHealth technologies for TB care and discusses theories in which this

work has been based on and synthesis of literature and research gap identification.

2.2 MHealth for Tuberculosis care

MHealth is an “emerging mobile communication and network technology for healthcare” (Istepanian et

al., 2006). Kéllander and colleagues define it as the use of portable devices with software applications to

provide services and manage patient information (Kéallander et al., 2013). Global Observatory for eHealth

(GOe) defines mHealth as a medical and public health practice supported by mobile devices, such as

mobile phones, patient monitoring devices, and personal digital assistants (PDAs) (Kay et al., 2011).

Jeffrey Sachs, the director of Earth Institute cited in (Charles et al., 2014) stated that “Mobile phones and

wireless internet end isolation and will therefore prove to be the most transformative technology of

economic development of our time” (Sachs, 2008). The use of mHealth to support the achievement of

health objectives is a growing area of e-health due to the increase in the coverage of mobile cellular
networks and its ability to provide consistency in the delivery of interventions across a wide population

at a low cost (Cooper et al., 2017).

20



MHealth has evolved to cover a variety of ranges which include wearable sensors in form of headbands,
skin patches, earphones, clothing, watches, and bracelets which allow unobtrusive, passive monitoring,
tracking, and transferring of biometric data with the healthcare workers, researchers and family members

(Steinhubl et al., 2015), lab on a chip which offers diagnostic capabilities, imaging from afar that involves

the usage of high-resolution cameras lense of smartphones to host several medical applications.

Smartphone applications have been identified among business-friendly approaches sensitive to both the

private sector ways of working and the expectations of the NTPs (Uplekar, 2016, Buregyeya et al., 2014)

with the ability to produce tremendous results in facilitating the engagement of the private hospitals.
However, the utilization of such technologies in developing countries is still limited. Khan and colleagues
document that lack of information and communication technologies (ICT) usage, weak patient referral
systems, lack of appropriate patient tracking and support systems, and the lack of the ability to cross-link
and identify patients who move between private and public sectors cripple the performance of TB control

programs (Khan et al., 2017).

The application domains of mHealth include education, point of care diagnostics, registries and event
tracking, collecting data and reporting, provider to provider communication and peer to peer consultation,

scheduling, financial transactions, and incentives (Labrigue et al., 2013, Charles et al., 2014). This helps

in eliminating geographical barriers in ensuring the enhanced coverage, and quality of health services

(Nhavoto and Gronlund, 2014, Varshney, 2014, Miah et al., 2016).

In addition to revolutionizing how populations interact with national services, mHealth has proved to

advance the quality and coverage of healthcare, and increase health information services and skills thus

improving health behaviors to prevent diseases (WHO, 2018a). MHealth interventions are less expensive,
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with the potential to reach a wide client base and the hard-to-reach groups (Evans et al., 2016, Déglise et

al., 2012).

Literature has shown that mHealth has been utilized in TB care. A scoping review by Lee and colleagues
documents the utilization of mHealth interventions in medication adherence via SMS and video observed

therapy via smartphone apps in the United States of America, China, and India (Lee et al., 2020). In

addition, three systematic reviews by (Ngwatu et al., 2018, Subbaraman et al., 2018, and Alipanah et al.,

2018) also document how SMS and video observed therapy has been utilized to support TB medication

adherence (Ngwatu et al., 2018). A descriptive review by Keutzer and colleagues identified 55 mobile

apps that were utilized in supporting TB treatment by supporting patient adherence, adjusting medication

dosages, supporting e-learning, and diagnosis of TB (Keutzer et al., 2020). Deep learning based on deeper

neural networks has also been piloted in Peru and has shown promise in improving TB diagnosis

(Alcantara et al., 2017).

An mHealth application that aimed at supporting the provision of home-based Directly Observed
Treatment (DOTS) among 394 providers was implemented in Bangladesh to manage 435 MDR
(Multidrug-resistant) TB patients, improved TB treatment adherence, treatment compliance, and reduced

missed DOT (Kak et al., 2016). This facilitated case management of the MDR patients and reduced the

human resource burden for supervision through central monitoring thus enhancing patient care. The
utilization and adoption may be attributed to the increased number of mobile subscribers globally

(Pew Research Center, 2019) and internet access (Rodriguez-Castelan et al., 2021). However several

barriers that might limit the adoption of mobile internet adoption were highlighted by GSMA and these
are (i) affordability of data services, (ii) limited awareness about the benefits of mobile data usage, (iii)
lack of products that meet the users’ needs, (iv) the negative aspects and risks associated with the internet,
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(v) and lack of access to the internet (GSMA, 2021). Therefore the deployment of interventions that

require the internet to function should put into consideration of the noted factors.

Despite its utilization in supporting TB care, with the potential to reach a wide client base, literature
about the utilization of mHealth in following up presumptive patients referred from private to public
hospitals as a key factor for PPM is limited despite its ability to enable the participation of the private
health facilities (non-state-owned hospitals, clinics, pharmacies) in identifying cases and following them

up till they reach the referral unit.

2.3 MHealth for Tuberculosis care in developing countries

mHealth technologies have been utilized in developing countries and actually, their usability is on the
rise because of the increase in the number of mobile phone subscribers. Most of these phones are feature
phones which limit the compatibility with modern smartphone technologies for supporting TB care

(Ngwatu et al., 2018). According to the International Telecommunication Union (ITU) report, it is

projected that in Africa, there will be a 90% mobile phone penetration rate as of 2025 (ITU, 2020). This

presents an opportunity for utilization in achieving health outcomes. A formative study carried out in
Uganda noted that mHealth technologies may be acceptable tools for reminding patients to take their

medication, demonstrate their commitment to adherence, and also help in the provision of instrumental,

emotional, and informational support among TB patients (Musiimenta et al., 2019, Musiimenta et al.,

2020a). A systematic review by (Betjeman et al., 2013) highlighted the potential of mHealth in

supporting medication adherence, enhancing communication between healthcare workers, and
standardizing the storage, analysis, and sharing of patients’ data. In Tanzania, a TB self-screening and
patient treatment mobile application were launched in 2018 among the general population by the NTLP

to increase symptomatic TB patients identification and to offer TB treatment information for patients
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who were initiated on TB. The intervention saw the TB self-screening of over 164,018 patients and 7,657

individuals who used the messaging service (CDC, 2019). In Lesotho, an SMS intervention enhanced

communication between patients, treatment supporters, and providers (Hirsch-Moverman et al., 2017).

A pilot study in South Africa that developed a mobile application for case notification and treatment

initiation was implemented and resulted in reduced delays in treatment initiation (Maraba et al., 2018).

Another study carried out among six countries in Africa (Senegal, Algeria, Democratic Republic of
Congo, Niger, South Africa, and Cameroon) showed that countries with high mobile phones rate showed
higher rates of TB treatment completion compared to those with lower mobile phone rates (Ibeneme et

al., 2021). There are also several challenges associated with the deployment and implementation of

mHealth interventions in developing countries like Africa which may hinder their utilization. The
challenges include the availability of the necessary infrastructure, operational costs, and knowledge of
using the developed intervention and policies within the organization or countries about using mHealth

interventions (Betjeman et al., 2013).

Although mHealth has been utilized in developing countries, it is majorly implemented within the public
health facilities, this excludes the private sector engagement in TB care even when it is recommended as
part of efforts to avert TB disease. Factors that facilitate the adoption of mHealth technologies in TB care
remain unknown despite being the key players in the provision of health services in Africa. This calls for
an investigation to understand the barriers to and motivators for private hospitals' engagement in TB care

and the potential of mHealth technologies in enhancing PPM.
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2.4 Mobile Health for Tuberculosis care in Uganda

Currently in Uganda, the number of mobile phone subscribers stands at 29.1 million (UCC, 2021Db). The

increase in the number of mobile phone subscriptions comes with the potential for exploration as far as
the adoption of health-related services is concerned. Several mHealth interventions have been utilized

including SMS for contact tracing (Mevyer et al., 2018, Mever et al., 2020), supporting medication

adherence (Musiimenta et al., 2019), and enhancing the linkage of presumptive TB patients (Buregyevya,

2020). SMS messages have shown promise in decreasing TB treatment attrition among TBHIV patients

in Uganda (Hermans et al., 2017) and in delivering test results (Babirye et al., 2019). DOT selfie, an

mHealth intervention supplemented with a social bundle incentive is being studied to understand its

effectiveness in increasing adherence to medication adherence (Sekandi et al., 2021). A mobile

intervention that utilizes mobile money to incentive medication adherence and access to TB care among

patients is currently being piloted in southwestern Uganda (Musiimenta, 2021). A mobile phone-based

interactive voice response software for remote TB symptom reporting is being implemented in Kisenyi

Kampala (Byonanebye et al., 2021).

All these interventions have shown promise in ensuring better TB health outcomes however their
implementation in Uganda must be done with attention issues of status disclosure, and not seeing the

SMS messages on time (Musiimenta et al., 2019) which might affect adherence or use of the intervention.

In addition majority of these interventions have been implemented in public hospital settings thus leaving
their effectiveness, usability, and feasibility in private hospitals limited, since factors that facilitate public

settings might differ from those in private settings hence a need for investigation.
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2.5 Mobile Health for Public Private Mix in TB care

Although mHealth has been recommended by the WHO as an emerging opportunity to close the gaps in

TB treatment and care (WHO, 2017a), literature documenting the utilization of these mHealth

technologies for enhancing PPM is limited. Several mHealth interventions have gradually been integrated

into TB care to enhance the PPM in India (\VVelayutham et al., 2015a, Pande et al., 2017b, Chadha et al.,

2017a), Vietnam (Thu et al., 2020b), Indonesia (Lestari et al., 2017), Cambodia (Choun et al.

2017a, Choun et al., 2017b), Pakistan (Khan et al., 2012b, Mohammed et al., 2016a, Ali et al., 2016a)

through, case notification, screening, following up patients. This thesis conducted a scoping review study
(investigation one) to analyze the existing mHealth interventions for PPM to identify their potentials,
strengths, and weaknesses, and a detailed account of the results is presented under chapter four section
4.2. The review was carried out to inform the appropriate design of a potential mHealth intervention in
Uganda and replication of successful interventions and identify areas of improvement like feasibility,

acceptability, and efficacy of the implemented interventions in TB care.

Although this scoping review highlights the several mHealth technologies that have been utilized in
enhancing PPM in TB care, its utilization is still limited in African settings. No Africa-based study was
identified by this review. Future studies should focus on assessing the utilization of mHealth for PPM in

Africa.
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2.6 Overview of frameworks for guiding the implementation of PPM

2.6.1 WHO’s Emerging Policy Framework for Public Private Mix

In a bid to involve all the healthcare workers in the provision of services, the WHO introduced the PPM
in 2001 and was implemented on an emerging policy framework (WHO, 2001) composed of five key

contours of implementation as explained below.

Encouragement of action-oriented communication with and information gathering on the private
health sector at all levels. This contour calls upon the NTP managers to assess the extent and nature of
the involvement of the private health facilities in TB care, by analyzing the possible threats and

opportunities posed by their involvement.

Collaboration with the private health sector within the DOTS framework. This contour highlights
the need for maintaining accountability when engaging the private health facilities and should ensure

autonomy when devising PPM delivery models.

Evaluation of PPM pilot projects and scaling up those found to be successful. The contour highlights
the need for setting up pilot projects for enhancing PPM which should be evaluated in terms of their

outcomes and scaled up if successful.

Availability of public funding for provision of TB care by private providers. This contour highlights

the need for funding to run TB services from the NTP.

Emphasis on the public health aspects of the control of TB and other communicable diseases in the
medical curricula. This contour highlights the need for medical students to spend more time working
with the NTP to enhance their training.
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Figure 2.1: PPM in Implementation (Source: WHO PPM fact sheet 2017)

The above contours are the key pillars of the WHO’s Framework for implementing the PPM. The
framework majorly focuses on the considerations that should be in place to ensure a successful PPM
implementation, for example, the availability of funding contour which many developing countries
grapple with may not be realized due to limited budgets to finance both the private and the NTP TB care.
The communication by the NTP with private health facilities is not sufficient and this is evidenced by
the majority of the private health facilities in Uganda who are unaware of the existing public-private

partnership (MOH, 2017a) which leaves the private hospitals out in the provision of TB services. This

calls for a need for innovative strategies for developing low-cost for all sectors technologies that will be

utilized by the private health facilities to ensure that successful outcomes are ensured.
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2.6.2 PPIA MODEL (Private Provider Interface Agency Model)

The Private Provider Interface Agency model was developed and implemented by PATH in 2013 in
Mumbai India as a systematic and innovative to enhance the engagement of the private sector in TB

disease management (PATH, 2019, Nandi, 2015). The model utilizes the hub and spoke model as a one-

stop-shop for all the services that a patient would get in-house at the same point through an electronic
voucher system to handle patient subsidies by establishing PPIA one-stop-shop centers. It is an

innovative approach to networking the private providers for timely disease diagnosis and treatment.

In this model, when a patient is suspected of TB by X-ray, he or she is referred to a hub hospital where
the chest physician/ consultant provides specialized care for enhanced early diagnosis and if diagnosed
with TB, they receive free first-line anti TB drugs from the private chemist and if they are resistant to
rifampicin he or she is referred to the public sector for treatment. The patients are then monitored by
tracking their drug refill dates and sending them daily text message reminders and phone calls to ensure

that they comply with their medication-taking behavior.
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The strength of this method is that healthcare providers can retain the patients and can offer value-added

services (Wells et al., 2015), and enhances quick patient referral and early initiation of anti TBs by the

patients. The implementation of this framework focuses on establishing a network amongst private

providers and empowers the private hospitals to manage TB patients. However, in its establishment, the

PPIA model doesn’t spell out the involvement of public health facilities, to ascertain concrete evidence

of PPM.
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2.6.3 SPARK TB MODEL

Slum Partnerships to Actively Respond to Tuberculosis in Kampala District (SPARK TB), a public-
private partnership model was implemented between October 2011 and April 2014 for improving access

to quality TB diagnosis and treatment for the urban poor in Kampala slums by The Union (USTB, 2014).

By combining the public, private, and community efforts and skills to increase TB services. The model
is composed of nine main components: Selecting the private providers, training the public sector on how
to engage the private health facilities, meeting the directors of the private hospitals for buy-in and signing
the memorandum of understanding, and training the private healthcare providers in TB care, Branding
the Private sector, supporting the private hospitals in receiving medicines from the public sector (Linking
Private facilities to public facilities for medication, Directly supplying the private hospitals or linking the
private facility to another private facility for medication), Linking the community volunteers to private

facilities for patient follow up, improve community education on TB and monitoring of service delivery.
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Strength and weaknesses of SPARK TB Model

The model resulted in increased case identification due to the private health facilities' involvement and
the community VHTSs (Village Health Teams), increased case diagnosis in the private health facilities,

and improved treatment success rate to 80% (USTB, 2014). However the model doesn’t cater to modern

digital health interventions, it only relies on the Village Health Teams (VHTSs) for patient follow up
which is expensive in the long run to sustain their efforts and inherits the challenges of DOTs (Directly
observed Treatment, Short-course). Thus a need for the implementation of an mHealth framework for
following up with patients to ensure that they adhere to the hospital appointments. Frameworks that guide
the implementation of interventions that utilize mHealth technologies are needed for exploiting the

benefits of mHealth in enhancing PPM.

2.7 Frameworks guiding the design of mHealth interventions

The development of mHealth interventions is a complex process since it involves key stakeholders
engagement, working with the developers to come up with the a final working mobile solution (Sporrel
etal., 2021). As a way of improving the development process of mHealth interventions, frameworks have
been proposed for example the Integrate Design, Assess and share (IDEAS) framework (Mummah et al.,
2016b). Frameworks for guiding the development of mHealth interventions informed by the perspectives

from user results in high rates of usability and changes in health behaviours (Phillips et al., 2019).

Several frameworks have been developed to guide the development of mHealth interventions and these
include the mHealthDroid Framework (Banos et al., 2015), Multiple stakeholders and data analytics
framework (MUCODAF) (Daramola and Nyasulu, 2020), Digital collaborative framework (DCF)
(Daramola and Nysaulu, 2019) and the University of Limerick Tool for Ecological Momentary
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Assessment and intervention Triggering (ULTEMAT) Framework (Van De Ven et al.,, 2017) as

explained below.

2.7.1. The mHealthDroid Framework

The mHealthDroid Framework is an open-source mHealth framework for android developed to enhance

the easy and rapid development of both mobile and biomedical apps (Banos et al., 2014, Banos et al.,

2015). The framework was developed to accommodate several mobile devices including tablets,
wearable sensors, and other biomedical systems specifically for monitoring and enhancing personal

healthcare and wellbeing.

MDroid offers a generic structure for designing and integrating biomedical android systems and enables
the collection and extraction of biomedical data from several interconnected mobile devices for both
ambulation and biomedical signals, enabling alerts and guidelines for multiple interventions. The
framework supports diverse modes and enables extensibility across various platforms and environments
to facilitate the implementation of new systems. The framework is composed of six key modules namely;
(i) system manager for managing mobile device resources including wireless connections like WiFi, and
Bluetooth; (ii) communication manager for providing abstraction for different applications to function
independently, (iii) storage manager for storing raw data locally and remotely; (iv) visualization manager
for graphically representing the processed data and offers diverse ways of displaying data; (v) data
processing manager for processing raw health data for signal processing, data mining and machine

learning and (vi) service enablers including triggering alerts, notifications, guidelines, and
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Figure 2.4: showing the mHealth Droid Framework

Strength and weaknesses of mHealth Droid framework

The framework enables the collection and extraction of biomedical data through external wearable
devices from several interconnected mobile devices. In addition, mHealthDroid implements enablers that
offer interfaces for triggering phone calls and text messages. The framework through the data processing

manager encompasses modern data science techniques like data mining and machine learning.
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However, the framework is only limited to android platforms leaving out other platforms like 10S, thus

a need for frameworks that run across all platforms to enhance and increase service usability.

2.7.2. Multiple stakeholders and data analytics framework (MUCODAF)

MUCODAF framework is a conceptual governance framework for improving medication adherence
among relevant stakeholders involved in TB patients' care like healthcare workers, family members, and

friends to collaborate to offer support to the TB patient (Daramola and Nyasulu, 2020). The framework

proposes the integration of cloud computing, wearable sensors, artificial intelligence, machine learning,
and data analytics techniques to enhance TB patient care. The main purpose of the framework is to
improve TB patients” medication adherence and enhance better treatment outcomes. The framework is

majorly focused on five main use cases;

Digital collaboration of multiple stakeholders for enhancing information exchange between

stakeholders using a mobile application.

o Medication adherence monitoring through data acquisition about the patients' medication
behaviors, involving the usage of water proof smartwatch worn by the patient which is paired
with the patient’s smartphone via Bluetooth.

e The data-Driven decision-making use case for supporting healthcare workers' decision making
based on the medication adherence data received and can be able to make an informed decision
about the patients' treatment

e The personalized treatment strategy for patients via intelligence recommendations from the

received data. These recommendations include counseling for non-adherent patients, this is meant

to support healthcare workers to make best-informed decisions

o Data archiving and curation through automated processing for data categorization and reuse.
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Figure 2.5: MUCODAF framework

Strength and weaknesses of MUCODAF

The framework has the potential to integrate cloud computing, wearable sensors, artificial intelligence,
machine learning, and data analytics techniques in enhancing TB medication adherence among patients.

However, being at a conceptual level, its practical guidance in developing an intervention becomes

difficult to ascertain.

2.7.3. The University of Limerick Tool for Ecological Momentary Assessment and intervention

Triggering (ULTEMAT) Framework

This framework was developed to enhance the scheduling and delivery of ecological momentary

assessments (EMAS) to the users’ mobile devices (\VVan De Ven et al., 2017). The framework enhances
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the triggering of time-based ecological momentary assessments. The framework was implemented in the
investigation of the cost-effectiveness of blended cognitive behavioral therapy depression treatment. The
framework uses a flexible and extendible architecture for allowing the addition of new triggers and EMAS
to the existing codebase. ULTEMAT is an android based framework and was implemented in a
smartphone application called the mood booster app which presents the users with an option of rating
different aspects of their physical and mental health, provides motivational feedback to the users to
improve their treatment adherence, and presents the graphical interpretation of mood levels to the users

and allows therapists to communicate with their patients.
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Figure 2.6: illustration of the ULTEMAT Framework

Strengths and weaknesses of ULTEMAT framework

The framework enhances the scheduling based on time, the usage of the application, physical activity,

location, and responses which are aimed at enhancing patient-based care. The framework enhances
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feedback from clinicians and automated feedback to patients. The framework is validated by a

smartphone mobile application. However, the framework is also limited to android platforms leaving out

other platforms like 10S, thus leaving its implication and usability across other platforms unknown.

Table 2.1 Summary of existing frameworks

Framework

Strength

Weakness

WHO’s  Emerging  Policy
Framework for Public Private
Mix (WHO, 2001)

Focuses on the considerations
that should be in place to ensure
a successful PPM
implementation

e Doesn’t cater for modern
mHealth interventions

Private  Provider Interface
Agency (PPIA) Model (Nandi,
2015)

Enhances quick patient referral
and early initiation of anti TBs
by the patients.

e Doesn’t clearly spell out the
involvement of public health
facilities, to ascertain a
concrete evidence of PPM

e Doesn’t cater for modern
digital health interventions

SPARK TB Model
(USTB, 2014)

¢ Increased case identification
e increased case diagnosis in
the private health facilities

e Doesn’t cater for modern
digital health interventions

¢ Relies on the Village health
Teams (VHTs) for patient
follow up which is expensive

mHealthDroid
(Banos et al., 2015)

Framework

e Collection of biomedical data
from interconnected mobile
devices

e Triggers phone calls and text
messages

e Not customized to TB care

ULTEMAT Framework (Van

e Enhances the triggering of

e Not customized to TB care

(Daramola and Nyasulu, 2020)

learning techniques for TB
medication adherence.

De Ven et al., 2017) time  based  ecological
momentary assessments
(MUCODAF) e Integrates Al, machine | ¢ Conceptual level

e Focused on TB medication
adherence

The literature documented above and in table 2.1 above indicates that several frameworks have been

developed to guide the development of several mHealth interventions however there is limited
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information about frameworks that have been developed for following up the referred presumptive TB

patients from private to public hospitals.

2.8. Acceptability and feasibility of mHealth Technologies for TB care

Understanding the acceptability and feasibility of mHealth technologies is important in laying the
foundation for the usability, adoption, and utilization of the developed technologies. However, literature
regarding the acceptability and feasibility of mHealth technologies for TB care in enhancing PPM is
limited. Given the promise of mHealth interventions in supporting TB care, studies about how acceptable
and feasible these technologies are especially in enhancing PPM are needed. A study was carried out in
Indonesia by Lestari and colleagues to explore the feasibility of a referral and reporting back mobile
smartphone application (Lestari et al., 2017) and found the application feasible. A pilot intervention study
for determining the technical feasibility of the Weltel intervention utilizing Automated SMS messages
from a computer system at a clinic in British Columbia was feasible (van der Kop et al., 2013). The
feasibility and acceptability of mHealth interventions for following up the referred presumptive TB
patients from private to public health facilities in Uganda are lacking. This thesis addresses this gap by
exploring the acceptability and feasibility of an mHealth intervention for following up presumptive TB

patients referred from private to public hospitals in southwestern Uganda.

2.8 Overview of models for behavioural change and technology adoption

Models provide a road map or a summary of what factors to consider when designing, implementing,

and evaluating a health promotion program (Raingruber, 2014). They provide a clue as to why people

and communities make health-related choices thus providing a potential clear way of understanding
situations, examining the relationship, and predicting potential outcomes.
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Various models and theories have been developed in the past with several constructs that might help to
explain the acceptability, and feasibility of using mHealth for following up presumptive TB patients
referred from private to public hospitals, and these are the Unified Theory of Acceptance and Use of

Technology (UTAUT) model, and the Consolidated Framework for Implementation Research (CFIR).

2.8.1 The Consolidated Framework for Implementation Research (CFIR)

The Consolidated Framework for Implementation Research (CFIR) was developed to guide researchers
to systematically assess multilevel implementation factors which influence intervention, implementation,
and effectiveness. This is aimed at enhancing study findings’ generalizability and interpretability (Keith

et al., 2017). The utilization of a validated theoretical framework like CFIR offers a logical structure for

guiding formative evaluations (Damschroder et al., 2009) and understanding the perceptions of

stakeholders in evaluating interventions. The CFIR framework was proposed by Damschroder and
colleagues and is composed of five main domains namely: (1) Intervention characteristics which involves
stakeholders' perceptions about relative advantage of engaging private hospitals in TB care, (2) Outer
settings; that involves external features that influence the engagement of private hospitals in TB care (3)
Inner setting; features of private hospitals that influence their engagement in TB care (4) Characteristics
of individuals involved in private hospitals that might influence the process of engagement in TB care
and (5) Implementation process that involves tactics that might influence the engagement of private

hospital’s in TB care.

The application of CFIR to understand the factors associated with private hospitals’ engagement in TB
care is important in guiding the identification of a potential behavioral technique to enable the
involvement of private hospitals in active TB care. CFIR was chosen for this study because it has a

successful track record for providing a comprehensive approach for identifying barriers and facilitators
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to the adoption of health behaviors and guiding formative evaluations that can address context-specific

barriers that could compromise the viability of the interventions (Damschroder et al., 2009).
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Figure 2.7: CFIR domains

Although the CFIR framework has been utilized in understanding how nurses perceive task-shifting

strategies in hypertension (Gyamfi et al., 2020), and not yet utilized in investigating the barriers and

motivators associated with the engagement of Private Hospitals in Tuberculosis care and the potentials
of mHealth in enhancing PPM in Uganda. It largely remains unclear how to translate the understanding
of barriers and motivators into private hospitals’ engagement in TB care. Literature about barriers and
motivators of private hospitals’ engagement in TB care and the potential of mHealth in Uganda is lacking.

These barriers and motivators can be holistically identified through the Consolidated Framework for
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Implementation Research (CFIR) which is rich in providing a realistic structure for approaching

multilevel constructs in the real world (Damschroder et al., 2009).

In this thesis, an exploratory analysis guided by the CFIR in which the investigator sought to explore the
context-specific barriers and motivators affecting the private hospitals’ engagement in TB care in Uganda
is presented. In addition, the potential of mHealth in enhancing PPM to better inform the design of

behavioral interventions for enhancing the involvement of private hospitals in TB care is also presented.

2.8.2 The Unified Theory of Acceptance and Usage of Technology (UTAUT)

The Unified Theory of acceptance and use of technology model was used to assess the acceptability and
feasibility of the mHealth intervention developed based on the MOHE framework for enhancing tracking
patients referred from private to public hospitals. UTAUT is the unification of several frameworks that

help to explain the acceptance and use of technology (\Venkatesh et al., 2003). These frameworks include

Diffusion of Innovation Theory, Theory of Reasoned Action (TRA), Technology Acceptance Model

(TAM), Theory of Planned Behavior (TPB), Combined
Performance
— \ Technology Acceptance Model, and Theory of Planned
Effort
\j o — Behaviour, Model of PC utilization and Social Cognitive
Social
o >
e e Theory. UTAUT has been tested in various studies like
Facilitating .
Salim (2012), Khan et al (2015) and has been found to be

Figure 2.8: UTAUT Model. (Source:

Venkatesh et al 2003) a useful tool for assessing the likelihood of success for

new technology and helps in understanding the factors for
acceptance for proper designing of interventions (Venkatesh et al., 2003). Thus making it appropriate
during this study. The questions for assessing the acceptability and feasibility of using mHealth based

application for enhancing the tracking of patients referred from private to public hospitals were based on
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UTAUT model which focuses on four major constructs and these are: performance expectancy, Effort

expectancy, Social influence and Facilitating conditions.

Performance expectancy is defined as the extent to which an individual believes that using a system will
help him attain his job performance. This construct was used to assess whether the private healthcare
workers believe that using a mHealth-based application for following up presumptive TB patients
referred from private to public hospitals improves patient follow-up. In this case, performance means
that the private healthcare workers get the details about the suspected TB patient on time, and easily use
the application to notify the case to the public (NTP) for ensuring that the patient reached the referral

point and received further treatment and managed appropriately.

Effort expectancy is defined as the degree of ease associated with the use of the system. This construct
shall be used to assess how easy it is for the private healthcare workers to use a mHealth-based application

to follow up on patients that have been referred to the public centers.

Social influence is the extent to which an individual perceives how important others believe that they
should use the new system. In this, the researcher assessed whether the private healthcare workers expect
others such as friends, relatives, and partners, to appreciate their usage of the mHealth application in

following up on TB patients on referral.

Facilitating conditions can be defined as the extent to which an individual believes that an organizational
and technical infrastructure exists to support the use of the system. This construct aimed at assessing
whether the study participants have all that is required to use mHealth for patient follow-up

(Organisational support).
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2.9 Synthesis of Literature and Research gap Identified

Much as the involvement of the private hospitals is crucial in TB care and is recommended by the WHO
towards the End TB strategy, their involvement in TB care in Uganda is limited due to lack of TB
diagnostic services, (Wynne et al., 2014) drugs and lack of leadership by the Ugandan MOH in ensuring
this engagement. Majority of the private hospitals feel left out in the commitment to address TB due to

this isolation. This necessitates mechanisms for bringing on board private hospitals in active TB care.

Literature regarding the use of mHealth for following up presumptive TB patients referred from the
private to public hospitals is lacking, yet mHealth tools can be critical mechanisms for scaling up PPM
programmes due to their ability to simplify care and delivery. Although mHealth technologies have been
recommended by the WHO as emerging opportunities for closing gaps in TB care through enhancing
PPM, there is lack of frameworks to guide the development of mHealth interventions for following up
presumptive TB patients referred from private to public hospitals especially in settings where most
private hospitals are not licensed to manage TB cases. This research therefore presents an investigation
into the utilization of mHealth technologies for PPM, the barriers and motivators to private hospitals’
engagement in TB care and how feasible and acceptable an mHealth intervention developed based a

framework is in southwestern Uganda.
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CHAPTER THREE: RESEARCH METHODOLOGY

1.1. Introduction

In the previous chapter (chapter two), the existing literature about mHealth for TB has been presented to
give the reader an account of what has been done by other researchers and the research gap that needs to
be addressed. This chapter, therefore, documents the methodology and methods for each specific
objective and how they were achieved. The aims of the research in this thesis were to: (1) To analyze the
existing mHealth interventions for the public private mix to identify their strengths and weaknesses; (2)
To explore the barriers to and motivators of private hospitals’ engagement in TB care and the potentials
of mHealth technologies to inform the design of a potential mHealth intervention using CFIR framework;
(3) To develop a framework for designing a mobile health intervention for following up presumptive TB
patients referred from private to public hospitals; (4) to assess the initial feasibility and acceptability of
the developed mHealth intervention for linking presumptive TB patients referred from private to public

hospitals.

The research methodology involved conducting a scoping review, and formative fieldwork for
identifying barriers and motivators of private healthcare workers in TB care guided by the CFIR
framework as the basis for the development of the framework. Developing the framework and testing it
in a practical context through a mobile application called Tuuka for following up the referred presumptive
TB from private to public hospitals. Mixed methods approach using both qualitative and quantitative
methods for data collection was employed to explore barriers and motivators to private hospitals’
engagement in TB care. The same design (mixed methods) was used to assess the initial acceptability,

and feasibility guided by the UTAUT model (\Venkatesh et al., 2003) of the mHealth intervention for

following up presumptive TB patients referred from private to public hospitals. The user-centered design
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approach guided the design and implementation of the framework and prototype because of its focus on
the system user’s involvement in the development phase which facilitates the acceptability of the

developed prototype among the end-users of the system (Goold et al., 2006). The main reason for using

the qualitative method was to explore an in-depth understanding of barriers, and motivators to private
hospitals’ engagement in TB care as well as the potentials of mHealth technologies, feasibility, and
acceptability of the developed mHealth intervention while the use of quantitative methods was to get

information about social demographics, usability, and technology adoption.
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1.2. Research philosophy adopted in this research

Research philosophy is concerned with the development of knowledge and the nature of that knowledge
(Bajpai, 2011). This involves several assumptions that characterize a specific paradigm that underpins
the research strategy and methodology thus offering guidelines on how data is collected, analyzed, and
interpreted. Two main philosophical paradigms may be considered namely; positivism and interpretivism

paradigm.

Under the positivism paradigm, the reality is believed to be stable and can be observed from an objective

point of view (Levin, 2008). This paradigm believes that there is no need to interfere with the phenomena

under investigation. Data is obtained via quantitative approaches using surveys, fixed choice questions
by looking at predictions, and causal effects for assessing inter relationships and this data can be used
for theoretical and hypothetical testing. However, on the other hand, the interpretivism paradigm asserts
that there is a need for subjective interpretation of the intervention to fully understand it. The paradigm
believes that there is a need to interact with the actors under investigation via qualitative approaches (in-
depth interviews, observations, focus groups) to get first-hand information about the phenomena under

investigation (Tombs and Pugsley, 2020). Reality is internally experienced and socially constructed

based on the interaction and interpretation of the data of the actors involved (Berger, 1991).

This research follows an interpretivism paradigm for understanding the first-hand information among
healthcare workers about the barriers to and motivators for private hospitals’ engagement in TB care and
eliciting the potentials of mHealth technologies for enhancing PPM, exploring the feasibility and
acceptability of the developed mHealth intervention. Although several components of the positivism
paradigm are included to assess quantitatively the acceptability and adoption of the mHealth intervention,

it does not go deeper for theoretical formulation and hypothesis testing. Although there are both
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components of positivism and interpretivism, this research is largely based on the interpretivism
paradigm since it’s mainly aimed at understanding healthcare workers' perceptions, and experiences

relevant to mHealth intervention for enhancing PPM.

1.3. User Centered Approach

This study employs a user-centered design approach (Gould and Lewis, 1985) that is based on three main

principles as explained below.

1. Early focus on users and tasks. This principle asserts that developers should understand the
cognitive, behavioral, anthropometric, and attitudinal characteristics of the users. This involves
interviews and discussions with the key users of the system to be developed, this is aimed at
understanding how the users do their work and what their actual problems are before designing
the system to be used. A formative qualitative investigation guided by the CFIR framework
involved soliciting potential ideas from healthcare workers about the barriers and motivators of
private hospitals’ engagement in TB care and the potential of mHealth technologies in enhancing
PPM among healthcare workers. This laid the foundation for the development of a framework for
designing a mHealth intervention for following up presumptive TB patients referred from private
to public hospitals. This was carried out in objective two and the findings are discussed in chapter
four of the thesis.

2. Empirical measurement. This is the second principle that asserts that users should be involved
in using the developed prototypes and their performance observed, recorded, and analyzed. This
is key in understanding the learnability and usability of the system among the key users (Gould

and Lewis, 1985) and giving proof of how easily the users will use and react to a system. This

study employs both the qualitative and quantitative approaches guided by the UTAUT model
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(\Venkatesh et al., 2003) and the system usability scale (SUS) (Brooke, 1996b) to empirically

measure the usability, acceptability, and feasibility of the developed mHealth intervention. This
was carried out in objective four and the findings are discussed in chapter six of the thesis.

3. Iterative design. This is the last principle of the user-centered design that proposes fixing
problems in the system in case they emerge thus making the design process iterative. The system
must be tested, measured, and redesigned until all problems are resolved. In research objective
three, the developed mobile application was rolled out to healthcare workers for assessing the

usability and feasibility.

This research is therefore based on the above user-centered design principles

1.4. Research Investigations

Four separate research investigations were carried out

1.4.1. Research methods for objective one (A scoping review investigation).

Several literature reviews (Lee et al., 2020, Ngwatu et al., 2018, Subbaraman et al., 2018, Alipanah et

al., 2018) have documented several mHealth technologies used in TB control. However, those

documenting the utilization and effectiveness of these mHealth technologies for enhancing PPM are
lacking. Although some mHealth interventions are gradually being integrated into TB care to enhance
the PPM, to the best of the researcher’s knowledge, there has not been a scoping review of mHealth
interventions for PPM in TB care. Thus, it remains unclear which interventions have been utilized for
PPM in TB care. This review aimed to synthesize the evidence of the existing mHealth interventions for

PPM in TB care and their strength and weaknesses from the existing literature, which can inform the
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replication of successful interventions and identify areas of improvement, which could potentially inform

the development of an effective mHealth intervention to enhance PPM in TB care and management.

This investigation consisted of a scoping review of mHealth interventions for PPM whose aim was to
summarize the published evidence on the utilization and effectiveness of mHealth interventions for PPM
in TB care from literature. The scoping review methodology approach by Arksey and O’Malley
comprised of six key steps i) identifying the research question, ii) identifying relevant studies; iii) study
selection iv) charting data v) collating, summarizing, and reporting results and vi) consultation guided

this review (Arksey and O'Malley, 2005). The methodology was adopted for this review because it

enables researchers to obtain a quick overview of the existing literature on the research topic (Lentferink

et al., 2017) and allows the inclusion of various types of studies other than randomized trials (Arksey and

O'Malley, 2005).

1.4.1.1. ldentification of Studies

This review was conducted using a highly sensitive search strategy to identify, screen, and analyze all
studies that discussed mHealth interventions for PPM in TB care. Articles published between 2003 and
2020 were reviewed. This was because the PPM was officially recommended by WHO in 2003 to involve

all relevant healthcare workers in TB control (Uplekar, 2003). An initial database search yielded 347 hits

(without duplicates), of which nine articles met the inclusion criteria. Details of these nine studies,

including details of the interventions evaluated, are listed in Table 4.1.

The search for the review aimed at addressing the following research questions 1) what are the mHealth

interventions for PPM in TB care?” 2) which mHealth interventions worked in the implementation of
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PPM for TB care?, and why did they work as well as which interventions didn’t work and why didn’t

they work?

1.4.1.2. Search strategy

Google Scholar, PUBMED, IEEE Xplore, and ScienceDirect databases were searched in June 2020 and
May 2021 because of their highly indexing and integration capacity. The search aimed at identifying
research articles that contained information about interventions that utilized any form of mHealth like
mobile applications, SMS, and telephone calls for enhancing PPM in Tuberculosis. The following terms
were used to determine the eligibility of the studies: Articles that were related to the following three key
terms were searched from the aforementioned databases. ‘mobile health’, ‘public private mix’, and
‘Tuberculosis’. Each word was entered as a keyword in Google scholar, ScienceDirect, IEEE Xplore,
and PubMed databases to identify relevant articles relevant to the investigation. The Boolean search was
used to capture articles related to every single main concept using union (‘OR’) and the intersection
(‘AND’) of the key concepts to focus on the main objective of this review. The bibliography/ reference
lists of the included studies were also screened to get more studies for inclusion in the study. The results
from the search query from the four databases (Google Scholar, Pubmed, IEEE Xplore, and
ScienceDirect) were uploaded to the EndNote X7 Reference manager (Thomson Reuters, Philadelphia,
PA, USA) and were independently assessed for inclusion based on title, abstract and full text. Divergent
opinions about the inclusion and exclusion of studies were discussed among the authors until a consensus

was reached.

1.4.1.3. Study selection criteria

Studies were included in the review if they met the following criteria.
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I.  Peerreviewed
ii.  Full research papers
iii.  Empirical research (qualitative and quantitative)
iv.  Clearly explained research methods
v.  Explicitly described mHealth technologies for enhancing PPM in TB care or the mHealth
interventions were discussed in the methods section.
vi.  The effectiveness in terms of preliminary impact
vii.  Explicitly described outcomes on TB care
viii.  Published between 1% January 2003 and 31" December 2020

ix.  Study available in English language.

Criteria 1-4 were considered to ensure the reporting of original research and high-quality work. Criteria
5 was included to ensure that the paper reported on mHealth interventions for enhancing the PPM mix in
TB care. This investigation defines mHealth as the utilization of basic functionalities of mobile phones
for health-related purposes. This includes functionalities such as SMS reminders that can run on basic

phones, which, compared to smartphones have a wider adoption in TB burdened countries.

This review defines “mHealth” as any medical or public health practice which capitalizes on a mobile
phone’s core utility of voice and short messaging services (SMS) as well as more complex functionalities
and applications including Global Positioning Systems (GPS), General packet radio service (GPRS) and
Bluetooth technology (WHO 2011). Interventions that were delivered using any form of mHealth like
mobile applications, SMS, telephone calls, and GPS were included in this review. Criteria 3, 4, and 6
were considered to enable the quality of evidence assessment. Criteria 6&7 was considered to assess the
reported TB management outcomes. Criteria 8 was considered because the PPM was recommended by

53



WHO in 2003 (Uplekar, 2003), therefore the inclusion of articles before 2003 would not report the actual

experiences.

1.4.1.4. Exclusion criteria

The studies were excluded if they did not focus on mHealth interventions for PPM in TB care, carried
out before 2003. Included studies were examined to ensure that they reported the outcomes of the
mHealth intervention, thus protocols, reviews, formative/exploratory studies, editorials; letters, position
papers were not included. All the studies were included irrespective of the study design and geographical

location in order to expand the search.

1.4.1.5. Data extraction and analysis

The following characteristics were extracted from the included studies: study setting, study design,
mHealth intervention used, and the study duration as shown in Table 4.1, and the description of the

identified mHealth interventions’ strengths and weaknesses are listed in Table 4.2.

Of the nine studies included, three were conducted in India, three in Pakistan, one in Vietnam, one in
Indonesia, and one in Cambodia. No study reported the usability of mHealth intervention for PPM in TB
was identified from Africa. The differences in the studies for inclusion were reviewed and checked to

ascertain compliance to the inclusion criteria.

1.4.1.6. Quality Assessment

mHealth evidence reporting and assessment (MERA) checklist (Agarwal et al., 2016) was used to assess

the quality of the identified mHealth interventions. This checklist consists of 16 key items for reporting

the evidence of mHealth interventions by addressing their content, context, and several implementation
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features. The checklist was used because it offers guidance on the development of complete and
transparent reports on studies that evaluate the usability, feasibility, and effectiveness of mHealth

interventions (Hesam et al., 2020).

In addition, a validated checklist for evaluating studies with diverse designs by Sirriyeh and colleagues
was used to assess the quality of the included studies. Each paper was assessed against 14 points on the
checklist if the study was either qualitative or quantitative and 16 points on the checklist if it used mixed

methods (Sirriyeh et al., 2012). A percentage score to measure quality was calculated for each paper,

studies that scored less than 50% were considered poor quality, those that scored 50% to 70% were

considered Moderate and those greater than 70% were considered high quality.
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1.4.2. Research methods for objective two: A formative qualitative investigation

In this research investigation, the main aim was to explore the barriers to and motivators of private
hospitals’ engagement in TB care guided by the CFIR framework which offers a rightful analytic
approach for understanding barriers and motivators to private hospitals’ engagement in TB care. The
themes were categorized per the domains of the CFIR framework to better understand multilevel barriers
and motivators associated with private hospitals’ engagement in TB care. The framework can be applied
at any stage of implementation (before, during and after) which may help in the planning and
development of interventions that may be testable based on specific CFIR constructs. The framework
was chosen for this study because it offers an opportunity for baseline intervention assessment which
would lay a foundation for understanding whether or not the intervention will be effective or not if
implemented. Thus, offering a rightful analytic approach for understanding the barriers, motivators for
private hospitals engagement in TB care and the perceptions of healthcare workers about the potentials

of mHealth technologies for PPM TB care.

1.4.2.1. Ethical Approval

Official permission was sought and obtained from the participating hospitals where the study was
conducted. Ethical approval was obtained from Mbarara University Research Ethics Committee—
MUREC (Protocol number: 32/03-20) and the Uganda National Council of Science and Technology—
UNCST (Registration number: HS963ES). All participants provided written consent before participating

in the study.
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1.4.2.2. Study Design and Setting

This study employed a qualitative approach which involved conducting in-depth semi-structured
interviews. Healthcare workers (medical doctors and nurses) were recruited from three private for-profit
hospitals and one private not-for-profit faith-based hospital. These were purposively selected due to their
current involvement in TB care, for having relatively large medical establishments, a large number of
healthcare workers (Mathee 2017), and being at the center of handling a large number of outpatients in
Mbarara city in Southwestern Uganda. A large number of patients received in private health facilities
increases the likelihood of detection of presumptive TB cases presented at the outpatients' department.
In addition to a large number of patients, the hospitals refer the suspected TB patients to Mbarara

Regional Referral hospital which is the only NTP facility that manages Tuberculosis in Western Uganda.

1. Divine Mercy Hospital: a private for-profit hospital that provides general medical consultation
services to over 2,600 patients that attend the out-patients department (OPD) annually (MOH,
2017a). (Number/cadre of healthcare workers involved in TB-related care: four medical doctors
and six nursing officers).

2. Mayanja Memorial Hospital: a private for-profit hospital providing general medical consultation

services to over 13,835 patients in the OPD annually (MOH, 2017a) and has an ART clinic where

HIV patients receive their treatment and care. (Number/cadre of healthcare workers involved in
TB-related care: five medical doctors and 10 nursing officers).

3. Homely Medical Center: a private for-profit hospital providing general medical consultation
services to over 1,500 patients annually. (Number/cadre of healthcare workers involved in TB-

related care: four medical doctors and six nursing officers).
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4. Ruharo Mission Hospital: a private not-for-profit faith-based hospital with an OPD that serves

over 27,764 patients annually (MOH, 2017a) and offers general medical treatment and ART

services. (Number/cadre of healthcare workers involved in TB-related care: four medical doctors
and eight nursing officers). However, this hospital was not considered for inclusion in
investigation four for assessing initial acceptability and feasibility because presumptive TB

patients are not referred to MRRH. After diagnosis, patients are started on anti-TBs.

1.4.2.3. Selection of Study Participants

The study participants were purposively selected to participate in the study based on their direct
involvement in TB care and willingness to provide relevant information about TB care practices in
private hospitals. The purposive sampling technique was employed by the investigator in the selection
of the participants to achieve a relatively well-balanced representation by gender, and TB disease
management expertise to elicit diverse opinions. Defined as the selection of participants to be recruited

in the study due to the qualities the informant possesses (Tongco, 2007), the purposive sampling

technique’s ability to allow the selection of information-rich participants that are well versed in the

phenomenon of interest (Etikan et al., 2016) made it suitable for selecting the targeted participants. A

total of 13 healthcare workers (11 doctors and two nurses) were recruited to identify the barriers
encountered and motivators for TB care. The inclusion criteria for study participants were as follows:
a) employed medical doctor/nurse in a private hospital setting,

b) have experience in TB care practices,

¢) willing and able to give informed consent.
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The main purpose of this objective was to gather in-depth information about the barriers motivators to
private hospitals’ engagement in TB care to inform the design of a potential mHealth intervention to

address the identified barriers.

1.4.2.4. Data Collection

Between June and July 2020, a semi-structured interview guide was developed in English, pretested to
ascertain the reliability and validity of data to ensure an accurate data collection process. Semi-structured
in-depth interviews with the medical doctors and nurses from the study sites were conducted by the
investigator who has experience and training in qualitative research and research ethics. Interviews were
carried out until thematic saturation was reached at the 13" participant and no new themes were coming
out from the data except repetition. Each interview lasted between 30 and 40 minutes in a private
convenient place depending on the respondents’ preference. Interviews were digitally recorded and later
transcribed. The information about the barriers and motivators to TB care was elicited from the
participants. Following each interview that was carried out, the transcripts were reviewed for quality
assurance, clarity, and detail. A short survey was also administered to gather their social demographic

details.

1.4.2.5. Data Analysis

A coding scheme through an initial review of transcripts was developed and an inductive content analysis
approach (Hsieh and Shannon, 2005) was used to generate themes and subthemes from the codebook.
Qualitative categories from several sections of the texts from the transcripts about the barriers and
motivators to private hospitals’ engagement in TB care were extracted. The codebook was reviewed for
content relevant to the barriers to and motivators for private hospitals engagement in TB care. The
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investigator assembled the codebook following an iterative approach that included category construction
of codes to represent the content, writing the operational definitions, and elaborations. Differences in the
coding were harmonized by the investigator to come up with a final codebook. Intercooled STATA
(Statacorp 2013 Stata Statistical Software Release 13; StataCorp, College Station, TX, USA) was used

to describe study participants’ characteristics.

60



1.4.3. Research methods for objective three: A framework design investigation

1.4.3.1. Overview

The aim of this investigation to develop an mobile health application framework for the design of an
android mobile application for following up presumptive TB patients referred from private to public
hospitals. In this investigation, the investigator developed an application software framework for the
design of an mHealth application for linking and following up presumptive TB patients referred from
private hospitals to public hospitals called MOHE Framework. The design of the framework was guided
by Unified Modelling Language (UML) a multipurpose language with many notational constructs
(Fontoura et al., 2000). The adoption of UML for the design of the framework because it uses notations
to explicitly represent the variation points in the structure of the framework thus allowing partial
automation of the development and implementation and also provides extension mechanisms that allow
to define appropriate labels and makings of the UML model elements. This work introduces the MOHE
framework and its use and describes a practical example of use of the MOHE framework in a mobile
application called Tuuka app used in following up the referred presumptive TB patients from private
hospitals to ensure that they reach the public hospitals (the place of referral). The framework was

simulated in a context of private to public hospital referral environment.
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1.4.4. Research methods for objective four: A mixed methods investigation

1.4.4.1. Overview

In this investigation, the main aim was to assess the initial feasibility and acceptability of the developed
mHealth intervention (Tuuka application). The investigation involved in-depth interviews with
purposefully selected healthcare workers from the three private hospitals and Mbarara Regional Referral
Hospital to understand how feasible and acceptable the intervention was. Participants were trained and
given two weeks to test the developed intervention and then were asked to participate in phone-based
interviews. The investigator also administered demographic and social-behavioral questionnaires to the
healthcare workers at enrolment to capture age, gender, education level, residence, and the number of
years in practice. A technology adoption survey was administered at the study exit to elicit the

experiences of healthcare workers and challenges encountered utilizing the intervention.

1.4.4.2. Data Collection

The intervention would be considered acceptable if 80% of the participants reported acceptability

(Bangor et al., 2009). Acceptability was determined quantitatively with the System Usability Scale (SUS)

(Brooke 1996) after use. The SUS is a 10-item Likert scale that assesses domains including desired
frequency of use, complexity, needs for support, functionality, irregularities, ease of learning/use, the
time required for use, confidence, and training needed. The intervention would be considered acceptable
if 90% of Healthcare workers rate 70% (7/10) items on the SUS scale as “very good” or higher.
Quialitatively, the investigator assessed the acceptability of the intervention following the Unified Theory

of Acceptance and Use of Technology (UTAUT) model (\VVenkatesh et al., 2003) (see UTAUT model).

UTAUT was used for it has been found a useful tool for assessing the likelihood of success for new

technology and helps in understanding the factors for acceptance for proper designing of interventions
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(\VVenkatesh et al., 2003). Semi-structured interviews (based on the UTAUT model) were carried out with

18 private healthcare providers and 4 public healthcare providers. The study participants’ experiences of
using the mHealth intervention were assessed to document the acceptability and feasibility of the
intervention through qualitative in-depth interviews. The data captured the perceived usefulness
(Performance expectancy) of the intervention, perceived ease of use (Effort expectancy), Social

influence, and the facilitating conditions.

1.4.4.3. Data analysis

Feasibility and acceptability. Feasibility metrics and the quantitative assessment of acceptability were
analyzed descriptively using STATA 13. The investigator used summary statistics to analyze the socio-
demographic data. Data about the desired frequency of use, complexity, need for support, functionality,
irregularities, ease of learning/use, the time required for use, confidence, and training needed to ascertain

the acceptability and feasibility of the framework-based prototype.

Qualitative data analysis

Interviews were recorded, transcribed, and analyzed using an inductive analysis approach based on the
UTAUT model. In this approach, themes tailored to Performance expectancy, effort expectancy, social

influence, and Facilitating conditions (\Venkatesh et al., 2003) were developed from the collected data

and a codebook was developed and reviewed for meaningful data extraction through an inductive and

content analysis (Neuendorf, 2017) strategy, a systematic process for interpreting textual data content

through coding and category construction. Themes and subthemes were generated to describe different
data patterns and category construction about the initial acceptability and feasibility of the developed
framework-based Tuuka mobile application in TB care using Nvivo Version 11 software. The review of
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transcripts guided the development of a coding scheme composed of various text sections that addressed
the concepts of interest for example the perceived ease of use, influence from friends, workmates and the
requirements to use the prototype by the private healthcare workers in following up TB patients on
referral, were assigned descriptive codes. The elaboration and definitions for those illustrative codes and

were categorized based on particular themes.

In conclusion, this chapter has described the general research methodology that was utilized to achieve
the research objectives. The results section in the next chapter (chapter 4) discusses how the results for

the study objectives one and two were achieved.
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CHAPTER FOUR: PRESENTATION OF RESULTS

4.1. Introduction

In the previous chapter (chapter 3), the research methodology for achieving the research objectives was
presented. This chapter therefore, presents key research findings from the scoping review investigation

(objective 1) and the formative qualitative investigation (objective 2).

4.2. Results for research objective one

This section presents key findings from research objective one which sought to analyze the existing
mHealth interventions for public private mix to identify their strengths and weaknesses. The objective
aimed to answer the following research question “What are the strengths and weaknesses of the existing

mHealth interventions for PPM in TB care?”

4.2.1. Search results

Figure 4.1 below shows the database search results, screening, exclusion, and final inclusion in the study.
The studies described and identified different mHealth interventions implemented in five countries where

the studies were carried out (India, Vietnam, Indonesia, Cambodia, and Pakistan).
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Flow diagram for the selected studies

Ve

.

Rejected at title n= 291 J

Records excluded at abstract (n =
34)

o Review studies (n=7)
e Editorials (n=3)
e No mHealth technology (13)

Records identified through database
= searches: PUBMED, Google Scholar,
= IEEE Xplore, ScienceDirect (n = 383)
(S}

g
=
— \ 4

Records after 36 duplicates removed
g i
S Abstracts screened
(B}

g (n =56)

A 4
. Full-text articles
= assessed for eligibility (n
O _
5 =22)
w

A 4

Studies included (n = 9)

e}
D
o
=
(&S]
=

Full-text articles excluded, with
reasons (n =13)

e Formative (n=2)

e Limited information about
PPM component (n=5)

e Limited information about
mHealth (n=3)

Figure 4.1: Flow diagram for the selected studies
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Table 4.1 Characteristics of the included studies

routine surveillance data
of patients aged 15 and
above attending the
OPD for a period of six
months in Vietnam

Study  duration: 6
months
Participants: 110 TB
cases

the care cascade and to
enhance follow up care by
community health workers

innovative Private
sector engagement
model by tracking the
cascade of TB care
among individuals
attending  Haiphong
International  General
Hospital (HIGH)

TB symptoms, 110
total cases  were
notified through the
application. Of the
diagnosed cases, 105
(95%) were initiated
on treatment and 97
(93%) had a successful
treatment outcome

Author and | Study design/ Method/ | mHealth Intervention Obijective Primary Effect Key Findings
Year location outcome
(Velayutham | A Pilot Study that | e A TB notification Voice | To determine the | Utilizationand | ¢ Of the 184 private Suboptimal  performance
etal., 2015b) | involved private | based application | usefulness and | Feasibility medical doctors who with 6% utilization
practitioners from three | (MITUN-Mobile interface | feasibility of Mobile participated in  the
TB units in India who | TB Notification). Private | Interface  in  TB study, only 11 (6%) | e Lack of time to use the
were given a demo of | medical practitioners | notification practitioners used the system
using the app to notify | registered in the systemand | (MITUN)voice based application. e Technical/ operational
TB cases for a period of | were provided with a | system for the e Of the 155 TB cases challenges
6 months. designated number where | notification of TB that were diagnosed, | e Busy phone line/ call
they would call and give | cases by  private only 15(10%) were interruptions
Study duration: 1 year the details of the TB cases | medical Practitioners notified through
Participants: 184 following  the  voice MITUN.
prompts
(Thu et al., | A cohort study that | e A mobile application was | To evaluate the | Utilization e Of the 299 patients | e The Mobile app enabled the
2020a) involved the analysis of | used to reduce dropout in | performance of an who had suggestive notification of every TB

case diagnosed by alerting
the healthcare system to
provide follow up care to
patients thus reducing the
initiation and completion
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(Lestari et | A Pilot study among | e A mobile app for the | To evaluate the | Feasibility and | ¢ Of the 12 Private | e Application was acceptable
al., 2017) private practitioners in | notification of TB cases | feasibility = of  the | Acceptability practitioners who and feasible to enable
Bandung city, Indonesia | that enabled referral and | intervention package to successfully installed notification of cases.
report back system that | increase TB  case the app, only five
Study  duration: 6 | utilized simplified versions | detection and (41.6%) registered
months of the NTP forms notification rates patients with TB
Participants: 12 private among private symptoms and cases
practitioners and 36 TB practitioners in into the app.
symptomatic patients Indonesia ¢ 36 patients with TB
symptoms were
identified and 17 were
confirmed TB positive.
(Choun et | A Descriptive study | e Telephone calls were made | To assess if tracking of | Feasibility e Out of 109 TB patients | e High retention of the
al., 2017a) involving following up | to contact patients three | TB patients referred to referred to the referred patients from the
of TB patients referred | days after having been | peripheral health peripheral unit, 107 tertiary hospital settings
to peripheral health | referred to ensure that they | facilities using mobile (98%) had access to a
facilities in Cambodia reached the peripheral | phone technology can phone of which
health facility reduce Lost to Contact 103(97%) were
Study  duration: 10 after referral (LTCR) contacted directly and
months placed on continued TB
Participants: 109 support.
referred TB patients o All participants could
be traced compared to
previous years where
16-69% of the referred
patients were missed
(Khan et al., | An Impact evaluation | e A mobile phone app linked | To measure the effect | Usability o Of the 388196 | elIncrease in TB case
2012a) study of mass | to conditional cash | of a multifaceted TB individuals  screened, notification in the
communication strategy | transfers were used by | case detection strategy 2416  cases  were intervention group

to encourage people
with 2 weeks or more
productive cough to
seek care at private
facilities in Pakistan
Study  duration: 10
months

screeners to collect, submit
and retrieve data

e Screeners utilized
telephone calls to follow up
the identified TB patients
who never initiated TB
treatment.

in Pakistan

detected and notified
via the NTP reporting
center. This implies a
2.21 times increase in
case notification (95%
Cl 1.93-2.53)
compared to the control

compared to the control
area.
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Participants: 2416 TB
cases notified

area where the number
reduced by 9%.

(Mohammed | A randomized Control | e A two way scheduled SMS | To measure the impact | Clinically e No significant | e No significant difference
etal., 2016b) | Trial at TB treatment | reminders (Zindagi SMS), | of Zindagi SMS, a two- | recorded difference between the between the SMS group and
Facilities in Karachi | patient responds back | way SMS reminder | treatment Zindagi SMS group and the control group
Pakistan through an SMS or an | system, on treatment | success the control group for
unbilled phone call to | success of people with clinically recorded
Study duration: 3 years indicate that a patient has | drug-sensitive TB. treatment success (719
Participants: 2207 | taken medication or 83% vs. 903 or 83%,
newly diagnosed TB respectively, p =
patients 0.782).
(Chadha et | A pilot study amongthe | ¢eA  ComCare  Mobile | To  determine  the | Feasibility e 1578 presumptive TB | ¢ The  Rural  Healthcare
al., 2017b) rural healthcare | application ~ for  rural | feasibility and yield of referrals of which 1056 Practitioners using mobile
providers (RHCPs) in | healthcare providers to | presumptive TB case were referred using the technology referred nearly
India refer presumptive TB cases | referrals by RHCPs mobile app compared nine times more
Study  duration: 3| to the nearest microscopy | using mHealth to 522 cases referred by presumptive TB cases than
months center technology. those who never had those without the technology
Participants: 30 the app. e Reduced the amount of time
healthcare providers and e Of the total 194 cases | taken for diagnosis and
127 TB cases that were diagnosed, treatment initiation.
the number of mMRHCP
referrals was
127(65.5%, four TB
cases per RHCP)
compared 64 cases
(34.5%, 0.5 TB cases
per RHCP) referred by
their counter parts who
never used the app.
(Pandeetal., | A pilot study among | eLearn TB Mobile app | To understand the user | Experiences ¢ 101 clinicians received | e High user experience among
2017a) clinicians at a private | among private  sector | experience and | and the mobile app on iPads the clinicians
hospital in  Manipal | academic clinicians in | acceptability of a smart | acceptability for use. e There was a significant
India Kasturba hospital, India phone application o High user experience of correlation between
LearnTB amongst the learnTB application | perceived ease of use (PEU)

Study duration: 1 month

with the mean score =
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Participants: 101

clinicians

private sector academic
clinicians.

94.4 (92.07-96.76) with

a significantly
correlated  perceived
ease of use (PEU) to
perceived  usefulness
(PU) (r=0.466,
P<0.0001).

The app was perceived
to have potential to
promote good clinical

and perceived usefulness
(PU)

practices (QR=5.23

(1.35-20.29);

P=0.016).
(Ali et al, | A pilot study aimed at | e ODK (Open data Kit) scan | To reduce the time and | Experiences e Significant time | Despite the ability to reduce
2016h) utilizing digital scanning | for data collection and | resources spent on TB reduction in  data | significant time reduction in

among the District field
workers in Pakistan

Study
months
Participants:
workers and 122
patients records
retrieved and analyzed

duration: 3

4 field

management

data
improving
collection
digitization ~ process
and reducing on
manual data entry

collection by
data
and

aggregation, & transfer

activities  with  the
99.2% of multiple
choice fill in bubble

responses & 79.4% of

numerical digit
responses recognized
accurately.

data aggregation and transfer
activities, form filling and
verification consumed more
time
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Table 4.3: Description of the identified mHealth interventions’ strength and weaknesses

Author

| Intervention

Strength

Weakness

Voice based system for TB case notification

(Velayutham
etal., 2015b)

A mobile interface in Tuberculosis notification
(MITUN) voice based system for notifying TB
cases among the private healthcare providers.

Based on the VoiceNet architecture that allows the
usability on low-end mobile phones

o System complexity resulted into non usability

e Long period of time for case notification

e Poor system configuration that resulted into
delays in notifying cases due to busy phone
lines

Mobile applications

(Thu et al.,
2020a)

A mobile application for enhancing patient follow
up by community health workers

Notification of every diagnosed case by alerting
the healthcare system and community health
workers to proactively track and follow up
patients

o The operation of the app are not discussed (how
case notification was done, how the alerts for
follow up were done)

eDoesn’t describe the software framework on
which the app was developed

(Lestari et al.,
2017)

A referral and reporting back system mobile
phone app for case notification

Utilized simplified version of NTP forms for case
notification

Secure centralized server for inputted information
User registration and account creation

eDoesn’t describe the software framework on
which the app was developed

o Not standalone (requires internet to access)

o No reminder system to alert the private provider
if the patient doesn’t complete their treatment
follow-up

(Chadha et al., | ComCare mobile application for assisting rural | ¢ Generates SMS reminders for patients to adhere | eNot standalone (requires internet to access)
2017b) healthcare providers (RHCPs) to identify and refer to referral eDoesn’t describe the software framework on
presumptive TB patients to the nearest |e Assists healthcare providers in providing | which the app was developed

microscopy Centre guidance and counselling to patients
e Uses multimedia educational messages for
RHCPs
(Khan et al.,, | A mobile phone based interactive application for | e The app allowed scheduling for sputum collection, | ¢ Doesn’t describe the software framework on
2012a) community lay people to screen patients for TB in initiation of treatment, clinic visits and drug which the app was developed
private clinics. dispersal
o Allows data entry and retrieval
e Secure centralized server for inputted information
(Pande et al., | The LearnTB mobile app for educating the private | ¢ Educate private sector clinicians in TB care o Not standalone (requires internet to access)
2017a) sector clinicians about definition, diagnosis,
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treatment, management and counselling practices

Doesn’t describe the software framework on

for TB which the app was developed
(Ali et al, | An android based smartphone application that | e Significant time reduction in data aggregationand | e Decreased digital data quality
2016b) utilizes an inbuilt camera to capture an image of a transfer activities e Long period of time for data entry and

scan compatible paper form that is processed
through image processing algorithms to map the
captured image to its corresponding template

verification

Telephone calls

(Choun et al., | Mobile phone tracking of the referred patients’
2017a) through telephone calls. Health staff made
telephone calls to the referred patients to ascertain
whether they had reached the designated
peripheral health facility where they were referred

Utilized simple phone calls to follow up the referred
patients

Unavailability of telephones numbers (Calls
not reached)

Possibility of wrong telephone numbers

Poor connectivity

SMS

(Mohammed | Zindagi SMS reminders among the newly
etal., 2016b) | diagnosed patients. This used two-way reminders
for encouraging patients to engage with the
reminders. Patients were expected to reply by
sending either a text message or an unbilled phone
call as a proof that they have taken medication.

Utilizes SMS technology for reminding patients to
adhere to medication.

Doesn’t favor those unable to read
Poor connectivity
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4.2.2. Quality of studies

All the papers that were included in this review were of moderate or high quality ranging from 62.5%

(Ali et al., 2016b) to 83.3% (Pande et al., 2017a).

4.2.2.1. mHealth essential Quality Assessment

The mERA criteria (Agarwal et al., 2016) guided the assessment of the quality of mHealth
interventions included in this review where all the included studies met between 56.25% -93.75% of
the mERA criteria. All the included studies documented the availability of infrastructure to support
the technology, the technology platform on which the mHealth intervention would run, were
compliant with the national guidelines, and were delivered as planned (fidelity) as shown in figures

4.2 and 4.3 below.

All the studies reported mHealth interventions that:

i) Were integrated within the existing health information systems
i) Clearly documented the mode of intervention delivery and the adoption inputs necessary
to implement the mHealth solution.

iii) Clearly described how the intervention was adopted (contextual adoptability),

Four studies (Chadha et al., 2017b, Khan et al., 2012a, Lestari et al., 2017, Pande et al., 2017a)
described data security protocols. Five studies (Ali et al., 2016b, Chadha et al., 2017b, Choun et al.,
2017a, Khan et al., 2012a, Velayutham et al., 2015b) described support for replicability. Five studies
documented limitations to scale (Ali et al., 2016b, Chadha et al., 2017b, Choun et al., 2017a, Lestari
et al., 2017, Velayutham et al., 2015b). Five studies reported feedback from users (Ali et al., 2016b,
Chounetal., 2017a, Lestari etal., 2017, Thu et al., 2020a, Velayutham et al., 2015b). Six studies (Ali

et al., 2016b, Chadha et al., 2017b, Khan et al., 2012a, Lestari et al., 2017, Pande et al., 20174,
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Velayutham et al., 2015b) reported details about the content of the intervention (Intervention
Content). Four studies (Khan et al., 2012a, Lestari et al., 2017, Thu et al., 2020a, Velayutham et al.,
2015b) documented the usability/ content testing with the participants. Only two studies reported the
cost assessment of the intervention (Choun et al., 20174, Lestari et al., 2017), and only one study does

not report the access of individual participants (Thu et al., 2020a).

The percentage of studies meeting the mERA criteria

Percentage of studies meeting the

mERA Citeria
Fidelity of the intervention 100
Compliance with national guidelines or regulatory statutes 100
Data security 44.4
Replicability me—————————— 550
Contextual adaptability 100

Limitations for delivery at scale m—— ————— 55 6
Adoption inputs programme entry —————— ] 00
Cost assessment m——— 22 2
Access of individual participants S ——————————— 339
User feedback meeessssssssssss——— 55 6
Usability content testing  —— 44 4

Intervention content E—————————— (6.7
Intervention delivery m————————— ] 00
Interoperability Health information systems context - ———————— |00
Technologyplatform mee——————————————————— ] 00
Infrastructure T |00
0 20 40 60 80 100 120

Figure 4.2: showing the percentage of studies meeting the mERA criteria



Percentage of studies meeting the mERA criteria

Percentage of studies meeting the mERA Criteria

Alietal 2016 I 81.25
Pande et al 2017 I 68.75
Chadhaetal 2017 I 81.25
Mohammed, Glennerster and Khan 2015 I 56.25
Khanetal 2012 I 81.25
Chounetal 2017 I 81.25
Lestari et al 2017 | 93.75
Thuetal 2020 I 62.5
Velayutham et al 2015 N 87.5

0 10 20 30 40 50 60 70 80 90 100

Figure 4.3: showing the studies meeting the mERA criteria

4.2.3. The application of mHealth for PPM in TB care

Details of all the studies are indicated in table 4.1 above

TB screening

An impact evaluation study that involved 54 private family medical clinics was carried out in Karachi

Pakistan by Khan and colleagues (Khan et al., 2012a), who reported the incentivization and training

of community lay people to screen patients in the private clinics. This was done using a mobile phone-
based interactive algorithm that utilized electronic forms that were linked to a conditional cash
transfer for assessing patients and visitors in the clinic waiting for areas and the outpatients'
departments. The software operated on any Java-enabled phone with General Packet Radio Service
(GPRS) and allowed the entry and retrieval of data to a centralized database. The app also allowed

scheduling for sputum collection, initiation of treatment, clinic visits, and drug dispersal..
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TB case Notification

Five studies (Chadha et al., 2017b, Khan et al., 2012a, Lestari et al., 2017, Thu et al., 202043,

Velayutham et al., 2015b) reported the utilization of mobile apps for TB case notification.

Thu and colleagues implemented an innovative PPM model in Vietnam by utilizing a mobile phone-
based case notification application to reduce the dropout in the TB care cascade and enhance patient

follow-up by community health workers (Thu et al., 2020a). The study reported the utilization of the

mobile application for notification of every diagnosed case, which enabled the healthcare system and
providers to proactively track and provide follow-up care to the patients thus reducing the gaps in

treatment initiation and completion.

A pilot study (\Velayutham et al., 2015Db) that was conducted in Chennai India reported the utilization
of a voice-based notification system (Mobile Interface in TB notification (MITUN)) for notifying TB
cases among the private healthcare providers. Designated telephone lines through which the private
healthcare workers would call on to interact with the interactive voice response system (IVRS) to
notify a case were established. The study reported failure to use MITUN due to technical problems

such as busy telephone phone lines and call interruption, and lack of time to hold on to the call.

Treatment adherence

One randomized control trial (Mohammed et al., 2016b) that was conducted in Karachi Pakistan
utilized Zindagi SMS reminders among the newly diagnosed TB patients. This used two-way
reminders to encourage patients to engage with the reminders. Daily SMS reminders were sent to
enrolled patients to take their medication and they were expected to reply by sending either a text
message or an unbilled phone call as proof that they have taken medication. The study reported no

significant difference in treatment outcomes between the SMS intervention and the control group.
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Data collection and management

A pilot study was carried out in Pakistan by Ali and colleagues to implement a mobile phone-based
application that was aimed at reducing the amount of time and resources spent on TB data collection
by digitizing the data collection process and reducing reliance on manual data entry in the public-
private mix model of the TB control program of Pakistan. The app utilizes the device’s inbuilt camera
to capture an image of a scan-compatible paper form that is processed by the app to map the captured

image to its corresponding template (Ali et al., 2016Db).

Patient referral and followup

In another study that was conducted in Khunti district, Jharkhand state, India by Chadha and
colleagues, the ComCare mobile application was developed to assist rural healthcare providers
(RHCPs) to identify and refer presumptive TB patients to the nearest microscopy center. The app had
different interfaces for the RHCPs, laboratory technicians, and supervisors who were trained to use
the application. When a presumptive case was identified by the RHCPs, they would be referred to a
TB microscopy center where patients’ details were entered using the available options in the mobile
app. The supervisors would view this information on their mobile phones and then the lab technicians
would transmit results to the presumptive cases/ patients on their mobile phones via inbuilt text
messages in the Comcare application. In case the patient fails to visit the TB microscopy center after
getting the results, the application automatically sends SMS reminders to the patient about visiting
the microscopy center. The app also has multimedia content for RHCPs for counseling and guiding
patients. The app operated on android mobile phones and was installed on the RHCPs' mobile phones

(Chadha et al., 2017b).
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A descriptive study was carried out in Cambodia by Choun and colleagues to assess if tracking TB
patients referred to peripheral health facilities using mobile phone technology can reduce Lost to

Contact after Referral (LTCR) (Choun et al., 2017a). The study implemented mobile phone tracking

of the referred patients’ through telephone calls. Health staff made telephone calls to the referred
patients to ascertain whether they had reached the designated peripheral health facility where they

were referred.

In another study carried out by Lestari and colleagues in Bandung City, Indonesia, a referral and

reporting back system mobile phone application was developed (Lestari et al., 2017). The app was

composed of simplified NTP forms where patients’ identity, symptoms, diagnostic examinations,
type of TB, and treatment were inputted. The app had a centralized server where the inputted data

was sent and monitored by the research staff.

Khan and colleagues also reported utilizing telephone calls by screeners to follow up on identified
TB patients who never initiated TB treatment in Pakistan. Screeners were required to attempt at least
three phone calls to the identified TB cases that never initiated treatment (those intending to default)

in addition to two home visits to follow up with these patients(Khan et al., 2012a). However, the

study doesn’t report the efficacy of these phone calls on the health outcomes of the identified TB

patients that were being followed up.

Education

Pande and colleagues implemented the LearnTB mobile app for educating private-sector clinicians

in India (Pande et al., 2017a). The app was developed to educate Indian clinicians about the available

definition, diagnosis, treatment, and management practices of TB. The app was made of sections for

clinicians to click to read and get more information. One hundred one (101) clinicians received the
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mobile app on iPads for use and were assessed to understand their experiences and the feasibility and

acceptability of the application.
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4.3. Results for research objective two

This section presents key findings from research objective two which sought to explore the barriers
to and motivators of private hospitals’ engagement in TB care and the potential of mHealth
technologies to inform the design of a potential mHealth intervention using the CFIR framework. The
objective aimed to answer the following research question “What are the barriers and motivators to
private hospital engagement in TB care and the potentials of mHealth technologies in enhancing PPM

among private healthcare workers?”

4.3.1. Introduction

Thirteen healthcare workers including 11 medical doctors and two nurses from four private hospitals
participated in this study. Participants were recruited because they were actively involved in screening
and diagnosing presumptive TB patients to gain deeper insights and identify the behavioral diagnosis
for the identified barriers to enable active TB care in private hospitals. As shown in table 4.2 below,
the majority of the participants were male (n=8) and came from private for-profit private hospitals
(n=11). The median age of participants was 29 years of age. . Of the four private hospital facilities
that were part of this study, only two were accredited to provide TB services as shown in the facility

level demographics table 4.2 below.
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Table 4.2 Participant's demographics

Baseline characteristic Participants
n
Median Age (IQR) 29 (28-31)
Gender
Female 5
Male 8
Marital status
Single 5
Married/partnered 8
Highest educational level
Certificate 1
Diploma 1
Degree 7
Masters 3
PhD 1
Designation
Nurse 2
Doctor 11
Number of years in general medical practice
1-3 7
4-5 2
>5 4
TB services provided by healthcare workers
Screen and manage ? 5
Screen and refer 8
Note. IQR — interquartile range.
aParticipants able to both screen and manage TB cases
b Participants able to both screen and refer presumptive case
Table 4.3 Facility Level Demographics
Facility Accredited for TB service
delivery
n (Yes/No)
Private Hospital 1 4 No
Private Hospital 2 3 Yes
Private Hospital 3 4 No
Private Hospital 4 2 Yes

N represents the number of healthcare providers from each facility
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4.3.2. Barriers and motivators to private Hospitals’ Engagement in TB care

The following section highlights the barriers to and motivators of private hospitals in TB care which
are categorized under the five domains of the CFIR framework, namely: the intervention
characteristics, outer setting, inner setting, characteristics of the individuals, and the process of
implementation. Of the 39 CFIR constructs assessed, eight were relevant to the context of this study
to assess barriers and motivators to private hospitals’ engagement in TB care as shown in Table 4.4

below.
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Table 4.4 CFIR Constructs and their Related Barriers or Motivators for the Engagement of Private Hospitals in TB Care

CFIR Domain

CFIR construct

Barrier or motivator

Explanation for motivators and barriers

Intervention
Characteristics

Outer setting

Inner setting

Characteristics
individuals

The process
implementation

of

of

Relative advantage

Cost

Patients’ needs and
resources

External policy  and
incentives
Structure characteristics

Networks and
communications

Knowledge and beliefs
about the intervention

Engaging

Motivator

Barrier

Motivator

Barrier

Barrier
Barrier

Barrier

Motivator

Private hospitals were perceived to have a relative advantage of providing high-quality
healthcare services and for enabling privacy and confidentiality for patients

Healthcare providers perceived high costs in terms of payment for care by patients. In
addition, they also noted that TB care is an indirect income generating service which makes
it unattractive to venture in since most private hospitals are for-profit

Private hospitals are nearer to patients thus saving them from costs involved in traveling to
public health centers that are far

Lack of drugs, registers, and diagnostic tools and lack of accreditation from the Ugandan
MOH hinder the engagement

Limited space for keeping TB patients
Lack of proper follow-up mechanism for the referred patients

Lack of training and qualified human resources to manage TB disease and delayed seeking
of healthcare by the patients

Formalization of partnerships between private hospitals and the government
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Barriers to private hospitals' engagement arose from the following five constructs: cost, external
policies and incentives, structure characteristics, networks and communications, and knowledge and
beliefs about the intervention. The barriers include concerns regarding the payment of care by
patients; the indirect income-generating nature of TB management; lack of drugs, registers, and
diagnostic tools; lack of accreditation from the Ugandan MOH; limited space for keeping TB patients;
lack of proper follow-up mechanism; lack of training/ qualified human resources; and delayed seeking
of healthcare by the patients. Motivators to private hospitals' engagement arose from the following
constructs: relative advantage, patient needs and resources, and engaging. The motivators include
perceived high quality of care in the private hospitals; privacy and confidentiality concerns; long
distances to the public healthcare centers; and formalization of partnerships between private hospitals

and the government.

CFIR Domain one: Intervention Characteristics

Private hospitals were perceived to have a relative advantage of providing high-quality healthcare
services to patients compared to public hospitals. They (participants) highlighted patients' perception
of being cared for in terms of prompt services and attention provided in private hospitals which
motivates them to seek healthcare in private hospitals. A medical doctor from Hospital 2 reported that
"Some patients may come because they were previously treated well in that hospital or the attendant
liked the services offered, in case of any illness, they are more likely to come back™.(Medical Doctor,

Male, 28 years).

In addition, private hospitals also were perceived to have a relative advantage of enabling privacy
and confidentiality for patients since they offer an opportunity to patients to have the liberty to get
drugs from the hospital privately and also have the freedom to make private arrangements for drug

delivery within their homes.
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So in a private hospital, there is privacy, patients are taken very well, they can go and get
their drugs in privacy sometimes, they can arrange taking drugs to their clients at their homes

which may not be possible in a public hospital. (Medical doctor, Male, 43 years, Hospital 1).

However, on the other hand, the cost was reported as a barrier to private hospitals’ engagement in TB
care. Across the private hospitals, participants highlighted that payment for services involved in the
treatment of TB in form of additional costs that come along with the TB disease and the indirect
income-generating nature of TB treatment service provision as barriers to TB care efforts in private
hospitals. TB is treated for a considerably longer period (six months and more) which makes it

difficult for patients to manage the comprehensive private hospitals' care management.

At Hospital 1, a medical doctor said "I think the challenge is in the length of treatment and the cost
that would come with that and so you find that the challenge is in the payment of care”. (Medical

Doctor, Female, 28 years).

Another medical doctor at Hospital 4 explained that "Most of these patients may not afford
comprehensive private management in the private hospitals when there is an almost free government

facility that would give free drugs to them". (Medical Doctor, Male, 39 years).

Furthermore, the indirect income-generating nature of TB treatment service provision makes it
difficult for private hospitals to engage in due to its infectious nature, thus making it an unattractive

venture to venture into since most private hospitals are for profit.

TB management is not something that may bring in money quickly, it is not a direct income-
generating activity, and therefore the private facility owners have to be convinced about the
need to give care to people who may not be able to pay back. (Medical doctor, Male, 39 years,

Hospital 4).
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4.3.2.1. CFIR Domain two: Outer Setting

Private hospitals were perceived to meet patients’ needs and resources. Participants highlighted that
private hospitals are nearer to patients thus saving them from costs involved in traveling to public
health centers which are far. This is a key motivator for engaging private hospitals in TB care since
some patients feel more comfortable receiving drugs from nearby private health facilities. A medical
doctor from Hospital 2 reported that "Some private hospitals are nearer, and people are more

comfortable with having their drugs and medications come from there". (Medical Doctor, Male, 28 years).

However, the external policy and incentives construct was highlighted to have negatively influenced
the engagement of private hospitals in TB care. The lack of basic treatment services like drugs,
diagnostic tools, and registers for reporting the identified cases hamper the complete TB care process
among the private hospitals thus limiting their capacity to manage the disease effectively and

comprehensively.

But most times, we refer because we do not even have the basic TB treatment services, we do
not even have the supply from the government, we do not stock TB commodities even at times
we may not even have the right face masks for protection so we do not prefer to keep in those

patients except if they can't go anywhere else. (Medical Doctor, Male, 43 years, Hospital 1).

Furthermore, the lack of accreditation/ approval from the Ugandan MOH to provide TB services on
the other hand leaves out many private hospitals to engage in TB care despite the huge number of
patients that seek care from these health centers. Excessive complicated administrative procedures
involved in obtaining accreditation from the Ugandan MOH are the main contributors to persistent

delays in obtaining full accreditation.
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We have qualified staff and space, but we do not have the accreditation from the MOH to be
able to offer some of those services and so many times in the training and updates, we are left
out simply because we do not have that accreditation. (Medical Doctor, Male, 43 years,

Hospital 2).

Another participant from Hospital 4, mentioned that they had initially applied to be accredited to
effectively manage TB but had not yet received accreditation "We initially applied to be accredited
as a TB management health facility but up to now, we have not yet received accreditation™.(Medical

Doctor, Male, 39 years, Hospital 4).

4.3.2.2. CFIR Domain three: Inner Setting

Structure characteristics construct was highlighted to have negatively influenced the engagement of
private hospitals in TB care. Lack of space for accommodating TB patients in private hospital
facilities was reported by participants as the main barrier which hinders the process of admission of
patients. This is intended to avoid mixing TB patients with other patients which would increase the
transmission of the disease. One participant from Hospital 4 pointed: "We do not have an isolation
unit, we use the same rooms for admitting all patients, so basically it wouldn't be proper for us to
admit TB patients in these usual rooms". (Medical Doctor, Male, 35 years, Hospital 4)This results in

frequent referrals of patients to public health facilities for better TB management.

However, the networks and communications construct hampered effective engagement due to the
lack of proper follow-up mechanisms within private hospitals to ascertain whether patients adhere to
their medication and whether they go to the centers where they are referred for better management.
Participants reported that most of the patients get lost in the community and are untraced by the
healthcare workers. This hampers the patient's follow-up pathway and makes it difficult to ascertain

whether the patient received the kind of care or not.

87



Even when you refer, not all the time that you have someone to accompany the patient to the
referral unit, so you write the referral documents for patients to take them to the next clinical
units, but you can't be sure whether every patient went or not. (Medical Doctor, Female, 30

years, Hospital 2).

4.3.2.3. CFIR Domain four: Characteristics of Individuals

Knowledge and beliefs about private TB care were a key construct and barrier. Participants
highlighted the delay to seek healthcare among the patients who only come to the private hospitals
when they are very sick and as a last resort to seek medical attention thus making the treatment process

complex since they come in advanced stages of the disease.

So many of them come late to the hospital; the ones | used to see, used to come when they
were very sick, so they are difficult to treat because of complications. Even when you give
them TB treatment, most of them are very weak to take the medication (Medical Doctor, Male, 31

years, Hospital 3).

Additionally, lack of training in TB disease management practices among healthcare workers in
private hospitals limits private healthcare workers' capacity to screen and diagnose the disease and
interpret the results for better management. A medical doctor from Hospital 2, mentioned that *Most
of the health workers do not have the necessary training, they may not diagnose TB well, may not

have the capacity to interpret the tests™. (Medical Doctor, Male, 31 years, Hospital 3).

4.3.2.4. The Process of Implementation

Engaging both the private and public hospitals through establishing formal partnerships between the
private and the government sectors was reported as a key motivator to enable concerted efforts against

TB disease. These partnerships would be supplemented by the provision of adequate funding for the
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private hospitals involved in TB care, free supplies of TB drugs, educating the healthcare workers in
private hospitals, and routine supervision to monitor the progress of implementation. This would
enhance the process of TB case identification in private hospital settings which would have been

easily missed thus reducing the disease burden within the population.

There is a need for establishing official partnerships between the government and private
hospitals and also the government should support private hospitals in terms of supplying free
drugs, funding specifically for TB care services in the private sector, educating health workers
on how to identify the disease in the privacy settings, provide diagnostic tools and monitoring
these private hospitals to see how they are progressing to know how many patients come from
different parts, see how much support they need and what is not there. (Medical doctor, Male,

28 years, Hospital 4).

In addition, the participants reported that bringing the private hospitals on board for managing TB
disease would help in eliminating cases of patients who are lost along the referral pathway through
providing access to services to patients who seek care in private hospitals. This is because some
private hospitals are the first primary care centers for patients and are preferred by patients found to

be convenient and less congested.

The private sector and government need to work together against TB because this is a disease
that needs to be treated for a very long time and one sector can't stand alone. Private hospitals
receive a large number of patients and before they go to public hospitals. Sometimes patients
are lost along the referral pathway and tend to move from one hospital to another which
makes the continuity of care hard and makes other patients default. Private hospitals are the
first primary healthcare givers to patients. | remember while growing up my mother would

first take me to the private clinic, and in case things did not work out, then they would take
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me to the government hospital. Private hospitals are preferred to be easier, less congested,
and more convenient for patients to access. | believe when you bring the private sector on
board, they will properly manage those patients who seek care in those facilities. (Medical

Doctor, Male, 31 years, Hospital 4).

4.3.3. Potentials of mHealth technologies for enhancing PPM

This section highlights several potentials and concerns of mHealth in fostering PPM in TB care that
were highlighted by healthcare workers and were also categorized under the five domains of the CFIR
framework, namely: the Intervention Characteristics, outer setting, inner setting, characteristics of the

individuals, and the process of implementation.

Of the 39 CFIR constructs evaluated, only five were relevant to the context of this study to assess the
potential and concerns of mHealth in enhancing PPM for TB care. The remaining 34 constructs could
have been relevant but were not assessed because they did not yield themes relevant to the study and
these include; intervention source, evidence strength and quality, relative advantage, adaptability,
trialability, complexity, cost under the intervention characteristics domain; patient needs and
resources, peer pressure, external policy and incentives under the outer setting domain; structural
characteristics, culture, implementation climate, tension for change, compatibility, relative priority,
organizational incentives and rewards, goals and feedback, learning climate, readiness for
implementation, leadership engagement, available resources, access to knowledge and information
under the inner setting domain; self-efficacy, individual stage of change, individual identification
with organization, other personal attributes under the characteristics of individuals domain, and
planning, opinion leaders, formally appointed internal implementation leaders, champions, external

change agents, executing, reflecting and evaluating under the process domain.
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The potential of mHealth arose from design and quality packaging, relative advantage,
cosmopolitanism, networks and communications, knowledge, and beliefs about the intervention and
engaging constructs. These include the potential of mobile health to map and link the referred patients
to the referral units; support patient care and medication adherence; reduce stigma; improve
knowledge and beliefs of healthcare workers and patients, and notify and report tuberculosis cases
respectively.. Concerns about mHealth technologies arose from the following constructs: networks
and communications; and knowledge and beliefs about the intervention these include: Poor internet
connection would limit the usability of internet-based interventions; and lack of knowledge to use

several mHealth technologies among healthcare workers.

4.3.3.1. Intervention Characteristics

Mobile health was perceived to be an excellent mechanism for tuberculosis case notification and
reporting. Participants highlighted that mobile health can enable timely reporting and notifying of
tuberculosis cases to the Ugandan Ministry of Health on what is happening in the private hospitals.
The technological enhancement of various mobile health technologies that include modern report
generation tools enhances remote uploading of daily, weekly reports about activities to the
government. This would help in reducing the time to notify tuberculosis cases between different
health centers and updating the national database about the number of cases. One participant from

Hospital 3 reported that

Mobile health can help in reporting and giving timely reports. You can design an app where we
can upload the work we are doing weekly so that we constantly update the government on the
work that is going on. If there is a case that I have diagnosed, I can easily upload patients’ details
in the mobile application, which can quickly update the number of cases at the national level from

both the public and private hospitals. (Medical Doctor, Hospital 3).
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Mobile health technologies were perceived to have a relative advantage of reducing stigma among
patients referred from private to public hospitals. Participants noted that patients fear going to the
places of referral due to fear of being seen in tuberculosis clinics in public hospitals but with mobile
health technologies since the healthcare workers at the public facilities will have already been notified

about the incoming patient, it gives the patients confidence to go and receive faster care.

Mobile health can help in reducing stigma. One of the stumbling blocks in tuberculosis care
is the challenges the patients are likely to find on the other side, first of all, some have this
notion that tuberculosis is not curable and some are worried that when they reach there they
will be tossed up but with mobile health technologies like apps, the patient will reach the
facility when he or she is already known by the healthcare worker through notifications.

(Medical Doctor, Hospital 3).

Mobile health was perceived to be an excellent mechanism for TB case notification and reporting.
Participants highlighted that mHealth can enable timely reporting and notifying of TB cases to the
MOH on what is happening in the private hospitals. The technological enhancement of various
mHealth technologies that include modern report generation tools enhances remote uploading of
daily, weekly reports about activities to the government. This would help in reducing the time to
notify TB cases between different health centers and updating the national database about the number

of cases. One participant from Hospital 3 reported that

Mobile health can help in reporting and giving timely reports. You can design an app
where we can upload the work we are doing weekly so that we constantly update the
government on the work that is going on. If there is a case that | have diagnosed, | can

easily upload patients’ details in the mobile application, which can quickly update the
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number of cases at the national level from both the public and private hospitals,

(Medical Doctor, Male, 28 years, Hospital 3).

4.3.3.2. Outer Setting

Mobile health was reported to have the potential to map and link presumptive tuberculosis patients
that have been referred from private hospitals to the hospital facilities where they have been referred
for tuberculosis services. The ability of mobile health to ensure interconnectedness across different
settings, and transcending geographical boundaries puts it at an advantage in establishing linkages
between public and private hospital facilities. This involves aiding in the identification of presumptive
tuberculosis patients and ensuring that they have been linked or connected to the nearest clinics that

provide the required tuberculosis services. One medical doctor from Hospital 1 reported that

Mobile health can help in mapping and linking the patients to the nearest health facility that

offers tuberculosis services. (Medical Doctor, Hospital 1).

In addition, mobile health technologies were perceived to be useful in informing the referral centers
about the details of an individual patient that needs to be attended to, which could potentially result

in faster services. One participant from Hospital 4 described,

If 1 get a presumptive tuberculosis patient at a private facility, through the mobile app, | can
inform the tuberculosis clinic at the public hospital which is licensed to provide tuberculosis
services that on a certain day, a patient from a certain hospital is coming, it will result in

faster care on the presumptive tuberculosis case. (Medical Doctor, Hospital 4).
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4.3.3.3. Inner Setting

Mobile health was perceived to enhance communication between facilities by allowing healthcare
workers from both the private and public health facilities to communicate with each other about
presumptive patients that were referred from private to public hospitals. One participant from

Hospital 2 noted

Mobile health provides the easiest way for healthcare workers to communicate with each
other about the referred patient. An application that can be used by healthcare workers at
private hospitals to notify the healthcare workers at public hospitals about the patient that
has been referred through SMS reminders might be helpful. When a patient is received at the
facility, healthcare workers can also immediately reply via the application which brings easy
communication across facilities. Using mobile health can provide an interface for two-way
chatting via SMS or Video between healthcare workers about the progress of the patient.

(Medical Doctor, Hospital 2).

On the other hand, participants raised the concern of poor internet connection (e.g., slow
connections or lack of internet) which might affect the usability of mobile health interventions
that rely entirely on the internet. If a hospital facility doesn’t have a well-set up internet
infrastructure for ensuring the running of mobile health interventions that are internet-based, it

might hinder the adoption and use of the intervention.

If the app uses the internet, in some places, there are poor network connections, which might

affect the operation of the intervention. (Medical Doctor, Hospital 3).
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4.3.3.4. Characteristics of Individuals

Mobile health technology was perceived to improve the knowledge and beliefs of healthcare workers
and patients by enhancing learning about how to care for tuberculosis among healthcare workers and
providing information to patients about the benefits of medication adherence which in long run

enhance better health outcome. One participant from Hospital 4 noted,

I think mobile health technology can be used as a tool for enhancing learning for healthcare
workers, especially about best practices for tuberculosis care like screening, and remotely
relay information to patients wherever they are about the side effects of the drugs they are

taking and information on benefits of medication adherence. (Medical Doctor, Hospital 4).

However, on the other hand, some participants expressed concerns about the lack of knowledge
among health workers to use the developed mobile applications which might hinder the operation and
implementation of the technology due to abandonment by the intended user. One medical doctor from

Hospital 2 reported that

Some health workers may not know how to use the app and in the long run, may abandon it.

(Medical Doctor, Hospital 2).

4.3.3.5. The Process of Implementation

Healthcare workers perceived mobile health as a tool for enhancing coordinated patient care and
monitoring by facilitating communication between patients and healthcare workers across health

facilities. One medical doctor from Hospital 1 reported that
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| think mobile health would help if someone had an app on their phone installed that would
keep the patient and the health care providers in touch, which would ensure better adherence

to the drugs among patients, and better follow-up. (Medical Doctor, Hospital 1).

The communication between healthcare workers and patients via short messaging service reminders
may enhance medication adherence, and encourage patients to attend their clinical appointments as

scheduled. A medical doctor from Hospital 4 reported that

Mobile health can help in monitoring patients to take their medication on time, and also help
them know when to refill their drugs and also reminders of when to come back to the clinic.

(Medical Doctor, Hospital 4).

4.4. Requirements for MOHE framework

Findings from the scoping review (objective 1) and the formative qualitative investigation (objective
2) offered a basis for the proposition of a potential framework that can guide the development of a
potential mHealth intervention. The study findings revealed that the development of a potential
framework should consider the several requirements that are important to the realization of a scalable
mHealth intervention. The scoping review carried out in this study provided an investigation of the
existing mHealth interventions and assessed their strengths and weaknesses which offered key
insights in terms of lessons learned from elsewhere. The formative qualitative investigation (objective
two) findings explored the barriers and motivators to private hospitals’ engagement in TB care and
assessed the potential of mHealth technologies in addressing the identified barriers. Understanding
the barriers and motivators offered a grounding of barriers that might hinder the implementation of
the mHealth technologies. The following are the basic requirements that are critical to the realization

of the MOHE framework.
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The research findings from the formative research investigation identified a need for a mobile
health mechanism for following up on referred patients. The majority of private hospitals in
Uganda are not accredited to provide TB services and refer patients to public hospitals which
are accredited to provide TB services. However, the lack of mechanisms to follow up patients
referred from these facilities to public facilities hinders the referral pathway since it remains
unknown whether referred patients reached the place of the referral or not. Therefore
developing an mHealth intervention for following up the referred patients could improve the

tracking of these referred patients.

The scoping review findings revealed that the development of mHealth interventions should
be based on frameworks that enable simpler and faster use. Simple and easy-to-use
architectures are key in enhancing usability, acceptability, and adoption of the developed
mobile interventions. Failure to bear in mind these key factors results in the development of

interventions that are difficult to use and yield sub-optimal usability.

For the sake of the practicability, MOHE Framework facilitates the participation of healthcare
workers from both private and public hospitals in tracking and following up the referred
patients from private hospitals to ensure that they arrive at the referral unit without getting
lost along the referral pathway. The framework offers a practical way of communication
among the private hospitals, referred patients, and public hospitals for collaborative efforts to
ensure better patient-centered care and management through establishing a streamlined

communication link between the parties involved along the referral pathway.

For the sake of functionality, the framework enables access to the tracking of patients to the
Healthcare workers by utilizing mobile internet data connectivity for data transmission to the

referral unit by the private facility. Private healthcare workers can effectively communicate
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with the public healthcare workers through a centralized mechanism for coordinated efforts

to better ensure that the patient reached the referred unit.

o For the sake of privacy and security, the framework ensures that the referral SMS reminders
generated by the system to the referred patients and healthcare workers at the public health
facility are only interpreted by the patients and healthcare workers themselves. The SMS
reminders sent do not reveal the type of disease the patient is suspected to be having to avoid
status disclosure and to protect the privacy and confidentiality of the patient. The framework
ensures a secure local and remote storage of patients’ data by establishing mechanisms for
accessing and extracting this data. The framework ensures the availability of aggregated data
on tracking patients for analysis to determine the amount of time spent along the referral
pathway, and the amount of time taken to start on medication. The framework implements
visualization and analytic algorithm that provides access to data in a way that is understood

by both the average users and technical specialists.

In summary, this chapter has outlined the research findings from research objectives one and two for
the study and general requirements which laid a foundation for the development of the MOHE
framework and its subsequent mobile application developed based on the modules of the framework

as discussed in the next chapter (chapter 5).
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CHAPTER FIVE: FRAMEWORK DEVELOPMENT

5.1.Introduction

In the previous chapter, the key findings from objectives one (a scoping review investigation) and
two (a formative qualitative investigation) have been presented. This chapter therefore, presents key
findings from research objective three which sought to develop a mobile health framework for
following up presumptive TB patients referred from private to public hospitals based on the findings
from objectives one and two. The objective aimed to answer the following research question “How
can a mobile health framework for following up presumptive TB patients referred from private to

public hospitals be developed?”

5.2. Description of the MOHE framework

A framework can be defined as a collection of several fully or partially implemented components
with largely predefined cooperation patterns between them. The main purpose of a framework is to
implement the software architecture for a family of applications with similar characteristics and

provides support for large-scale reuse (Fayad, 2001, Fontoura et al., 2000). MOHE framework

enhances the linkage of presumptive TB patients referred from private hospitals to public hospitals
for better TB care and offers a centralized approach for integrating human interaction technology for
Healthcare workers both at Public and private facilities to ensure that patients are not lost to contact

on referral and along the referral pathway.

The framework was used as an experimentation tool for the development of a mobile application for
following up and tracking TB patients referred from private to public hospitals to ensure that they
adhere to the referral pathway. Successful application of this framework in designing referral

applications for tracking TB patients may be applied in tracking patients referred from private to
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public hospitals suspected of other diseases for better management. The framework was designed
using the Unified Modelling Language (UML). UML is a standardized modeling language made up
of an integrated set of diagrams for assisting software developers in specifying, visualizing,

constructing, and documenting the artifacts of software systems (Padmanabhan, 2012). UML uses

notations to explicitly represent the variation points in the structure of the framework thus allowing
partial automation of the development and implementation. To avoid re-inventing the wheel, The
MOHE framework followed the reuse concept by customizing the architecture of the mDroid
framework focusing on specific modules tailored for following up the referred patients from private
to public hospitals. The mDroid framework customization was done by the investigator by aligning
modules specific to this study. The framework was adopted because of its ability to enable the
collection and extraction of data and triggering of text messages. The modules were customized to fit
the TB context and make it simpler for the healthcare workers to use. This work extends the

framework to add particular components for following up the referred patients.

5.3.  MOHE Framework Modules

MOHE framework is composed of six different modules including the application layer module,
network connection module, a storage module, service module, data processing module, and data
analytic module, , and When the patient’s data is entered via the application layer module (this is
enables the mobile app to run on android platform), patients and healthcare workers at the public
health facility receive SMS notifications about the place of referral and the incoming referral
respectively which is enabled by both the service and the network connection modules. The data
entered must be stored under the storage module which is composed of both the local and cloud
database and this entered data can be processed by the data processing module and be visualized via

the data analytics module which enhances the analysis and report generation.
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5.4. The MOHE Framework
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Figure 5.9: MOHE Framework Architecture
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The Application layer module

This module offers a platform that enables Tuuka mobile app to function with ease on the android
platform. The platform enables the application to function on a smartphone and helps interpret data
entered on the device. The module offers an interface where private healthcare workers enter patients’
details to notify the presumptive TB cases, and enables the public healthcare workers to verify and
acknowledge receipt of the Patients referred. This module offers a backbone for the connection of all

other modules of the MOHE framework.

Network connection module

This module is responsible for ensuring the connectivity of the developed application to ensure that
it functions. Tuuka app is an internet-based application (requires the internet to operate), this module,
therefore, ensures that the application connects to the internet to run efficiently. For standalone
applications, the module ensures data synchronization to facilitate data capture. This module also
offers an interface for external integration for other systems like the District Health Information

System (DHIS) for national case notification.

Storage Module

This module offers storage and access to the patients’ data. The module enhances the connection of
the app and is responsible for ensuring that data is accessed and retrieved. The module is responsible
for the local and cloud database management and a central repository for ensuring that all data
regarding patients are stored, this is in addition to storing data regarding the number of SMS
reminders sent to the patients, the amount of time spent from the time the patients were referred from

private to public health facilities which offers a basis for data analytic module which offers guidance
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on the appropriate mechanism for following up the referred patients. This module is responsible for

the secure transmission of the data to the local database and the cloud database (Banos et al., 2015).

Service module

This module is responsible for enhancing the sending of SMS reminders to presumptive TB patients
referred from private to public hospitals, receiving SMS reminders and managing requests from the
users and provides response. The module is based on the network connection module and manages

queues and is responsible for system security including the login sessions and authentications.

Data Processing module

This module is responsible for retrieving data stored in the storage module and making it available
for viewing and manipulation by the public healthcare workers. The module is responsible for
presenting information about the referred patients which is viewed by the public healthcare worker
who decides whether to start the patient on TB treatment or not. The module is also responsible for
calculating the amount of time spent from referral to diagnosis, amount of time spent from referral to

drug initiation

Data Analytic module

This module enables the analysis and generation of reports from data collected on patients tracking
data generated weekly, monthly and quarterly which will be helpful in guiding the decision making
process by practitioners to guide their operational procedures and policy makers including the

Ugandan MOH about the number of cases notified from a particular hospital setting.

103



5.4.1. Typical use case and application of MOHE Framework

Use case: A patient presents to the private health facility with presumptive TB or symptoms of TB.
If the symptoms are negative (not TB), the patient is checked for other disease conditions. If TB is
suspected, the private healthcare worker decides on further action. Due to the inability to effectively
diagnose and treat TB disease and lack of accreditation to manage TB disease among private hospitals
in Uganda (Tumuhimbise and Musiimenta, 2021a), the private healthcare worker refers the patient to
a health facility that has the diagnostic facilities in most cases the public health facility is the referral
point. The referral process involves a doctor writing a referral note that the patient is expected to
present at the referral unit. It’s up to the patient to go to the referral unit or not since private healthcare

workers only stop at issuing the referral note which is a common virtue with in the Ugandan setting.

5.4.2. MOHE Framework Response to the Use case

MOHE framework is built on a centralized patient management scenario to provide patient-centered
TB care that involves bringing together the parties involved in the patient’s pathway to effectively
manage the patient where the private hospitals notify the public hospital about the referred
presumptive TB patient. Figure 5.2 below illustrates how MOHE framework is used during following

up of the referred patient.
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An illustration of the use of MOHE framework
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Figure 10: Hlustration of the MOHE Framework

a)

b)

Upon data entry about the presumptive TB patient at the private facility by the private Healthcare
worker in the Tuuka app, the referred patient receives an SMS reminder about the referral unit
and the importance of adhering to the referral, and also the Public healthcare worker receives a
notification about the referred presumptive TB case.

The patient’s information about the exact time and date referred from the private hospital and
arrival at the referral unit is ascertained by the Tuuka app to understand whether the patient is

affirmative or not to the referral process.
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c) If the patient is affirmative, he or she goes to the referral unit and if the patient is not affirmative,
after 12 hours from the time of referral, the public health worker notifies him or her about going
to the referral unit through an automatic SMS message.

d) When the patient arrives at the referral unit, the public healthcare worker acknowledges receipt
of the referred patient and verifies by submitting the steps taken to handle the patient in terms of
diagnosis, and initiation of treatment.

e) The data analytics module then generates reports about the patients tracking to ascertain the
number of patients tracked, their location, and the average number of time taken from the private

health facility to a public health facility.

In conclusion, this chapter has outlined the development of the MOHE framework for guiding the
design of an mHealth intervention for following up presumptive TB patients referred from private to
public hospitals. In addition, a mobile application developed based on the modules of the framework
has also been discussed. The next chapter (chapter six) discusses how acceptable and feasible the

developed mHealth intervention is among healthcare workers in southwestern Uganda.
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CHAPTER SIX: INITIAL FEASIBILITY AND ACCEPTABILITY OF THE DEVELOPED

INTERVENTION BASED ON THE FRAMEWORK

6.1. Chapter overview

In the previous chapter, the developed framework has been presented. This section therefore, presents
an mHealth intervention called Tuuka mobile application developed based on the framework and key
findings from research objective four which sought to assess the initial feasibility and acceptability
of the developed mHealth intervention for following up presumptive TB patients referred from private
to public hospitals using UTAUT model. The objective aimed to answer the following research
question “What is the initial acceptability and feasibility of an mHealth intervention for following up
presumptive TB patients referred from private to public hospitals?” Below is the description of the

developed intervention.

6.2. Tuuka Mobile Application Development to test MOHE Framework

Tuuka app was developed to illustrate the potential of the MOHE framework, to prove its reliability
(internal consistency and stability), validity (construct and concurrency), and accuracy in enhancing
the tracking of TB patients. The key features of the MOHE framework have been utilized in the
implementation of the Tuuka app. The word Tuuka is a Luganda word meaning reach and was chosen
to represent the referral context in which the application was implemented. The app was implemented
among private Healthcare workers made up of doctors, and nurses from four private hospital facilities

who referred patients to a public hospital (Mbarara Regional referral Hospital TB clinic).

Tuuka app was deployed on healthcare workers’ compatible low-cost smartphones both at the private
health facilities and the TB clinic at the public facility (Mbarara Regional Referral Hospital) to enable

private healthcare workers to notify the public healthcare workers about presumptive TB cases
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referred. The referred patients receive system-generated SMS reminders on their mobile phones about
the details of the referral unit and educational content about how important it is to adhere to the
referral. In case of failure to adhere to go to the clinic after 12 hours, the app also sends a reminder to
the patient to go to the place of referral. Healthcare workers at the public facilities also receive system-
generated SMS notifications about the details of referred presumptive TB patient. Whereas the
automating SMS message is good and ideal to remove the burden from the healthcare workers, there
are chances that patients may be referred by the private hospitals to a public hospital and upon
reaching the facility, a public healthcare worker may receive him or her but because of the busy
schedule, he or she might not have the time to verify in the app in real time, which he or she may do
when she gets free time. Therefore to avoid sending unnecessary messages that might come with the
automation, it is important to let the healthcare workers at the public facility decide whether they

have received the patient and notify or send the message in case the patient hasn’t been received.

The application was developed based on all the six modules of the MOHE framework and its
acceptability, and feasibility in linking and following up TB patients referred from private to public
hospitals are currently being studied in a pilot study. Following a user-centered design approach that
involved input from the users (healthcare workers) during the development phase, the Tuuka app was
developed. This was aimed at understanding the end user’s perspectives about the use of the Tuuka
app. Subsequent feedback was obtained from healthcare workers and refinements and redesigning of

the app were carried out until the desired prototype was reached.

The app enables healthcare workers at the private hospital to notify a presumptive TB patient by
enabling data input about the patient’s details and then sends him/her an SMS reminder about the
importance of adhering to the referral and also the notification to the Health worker at the public

Hospital about the presumptive TB patient that has been referred to the facility and in case the patient
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fails to turn up at the referral, the system automatically sends a reminder to the patient to comply to

the referral.
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Overview of Tuuka Mobile app features

Private HCW
enters details
of the

presumptive
\ TB patient
N y.
SN
& N
Alerts the

: patient about
ar;gllo):)t;tcs adhereing to

. y Tu u ka \the referral y
S "

_app
» Tracksthe\_//

time spent Alerts the

view data

from the Public HCW
private to the about the
\ referral unit g referred
\, / . atient y
\-__‘—/ >\, A .
SN

Figure 6.11: Overview of Tuuka mobile app features

6.2.1. Tuuka Application implementation

The main operators of the Tuuka app are healthcare workers from both the private and the public
hospitals and its main functionality is capturing the referred patients’ data using built-in digital
referral forms/ notes. Private healthcare workers who log in the app can enter the presumptive TB
patient’s details and then refer the patient who receives an SMS reminder about the place where he
or she has been referred and also the Healthcare worker at the public hospital receives an SMS

reminder about the patient who has been referred.

The forms are designed to capture the following patient’s details; the first name; the last name; the
telephone contact; village; district; patient history; symptoms; treatment; and referral notes. The
forms are designed to collect the same information collected through standard paper-based referral

notes currently used by healthcare workers at private health facilities. Upon data entry by the private
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healthcare worker, the record indicates a blue circled arrow showing that the patient has not been
received at the public hospital and upon receipt of the patients by the healthcare worker at the public

facility, the record indicates two green ticks upon refreshing or reloading the page.

Tuuka is made up of two main components, the application server which is responsible for providing

services to the users (Aldosery et al., 2021), and the client-side which provides an interface between

the services provided by the system and the users. The application server is the back end of the
developed application which responds to the requests and processes the received data and user
authentications. The server is hosted by Linode with a secure cloud-based database for the storage of
data at monthly fee of $5. Linode was choosen because of being a secure cloud computing service
provider which grants a two-factor authentication feature for data protection. In addition, Linode is

enabled by IPv6 support which provides safe traffic for the application.

The Application Client is the front end that allows users to interact with the system. The users in this
context are both the private and public healthcare workers and the system administrators. This side
communicates with the server-side through the API and has two main forms of access, the web
interface, and the application interface. The web interface is specifically for the system managers for
accounts creation and report generation. This manager web application has been built with the Kotlin

language. The web application can be accessed through the following link: https://tuuka.tech/ through

a web browser on any device (desktop, laptop mobile phone) regardless of the operating system.

The Mobile application was developed in android using the Kotlin language that follows the Model
View Model architectural pattern that breaks down the code into pieces which enables separation of
the logic from the user interface thus encouraging code reuse and scalability. This pattern provides
extra security and efficiency in code expansion. The Tuuka web application and mobile application
communicate through a restful application programming interface (API) to allow interaction between

the platforms.
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Tuuka is developed in laravel which is a PHP framework with a MySQL database that is fully
encrypted and running on an Nginx server. Because of the object-relational mapping utilized by
laravel, the MySQL database and other relational databases are supported by the Tuuka backend as
long as the database type is specified in the .env file of the Laravel file. Laravel comes with inbuilt
connectors and drivers that can convert the models into the relevant SQL queries of the natively
supported databases by Laravel. Tuuka app is available on the google play

store https://play.google.com/store/apps/details?id=ug.global.mohe.

Authentication and security

The app performs full encryption of databases. Then authentication and authorization are performed
on both the mobile apps and web applications. The application requires users to authenticate
themselves to ensure that they only access the information specific to them. Accounts are only created
by the system administrator. The domain or connection to the server is through HTTPS which ensures

that all communications are encrypted and TLS enforced at all times.
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Screenshots from Tuuka Mobile application
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Figure 6.12 screenshots from Tuuka mobile application
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6.3. Tuuka Application use case diagram
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Figure 13: showing the Use case of Tuuka

All study participants received the final version of the Tuuka mobile application by following the link

on the google play store (https://play.google.com/store/apps/details?id=ug.global.mohe) and were

trained on how to use the application (eg, adding the referral in the app). Of the 24 participants who
received the application, two reported failure to download the application from the shared link. After
one week of receiving the application, downloading, and installing the app, participants were
contacted for a phone interview, and the interviewer-administered questionnaire to assess their overall

experience with using the intervention.
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6.4. Quantitative findings

This section discusses the quantitative results about the demographics of the participants, findings
from the System Usability Scale, and the technology adoption survey based on the UTAUT model

for assessing the acceptability

6.4.1. Social-Demographic Details of Participants

Demographic details of the healthcare workers collected to assess the initial acceptability and
feasibility were analyzed using descriptive statistics and details are shown in table 6.1 below. Twenty-
two healthcare workers including three medical doctors and fifteen nurses, three laboratory
technicians and one pharmacist from three private hospitals and Mbarara Regional Referral Hospital
participated in assessing the initial feasibility and acceptability of the developed mobile intervention.
Participants were recruited because they were actively involved in screening and diagnosing
presumptive TB patients to gain deeper insights into the initial feasibility and acceptability of the
developed intervention. As shown in Table 6.1 below the majority of the participants were female
(n=16) and were nurses (n=15). Their median age was 28 years of age. All the three private hospital
facilities that were part of this study refer presumptive TB cases to Mbarara Regional Referral

Hospital.
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Table 6.1: Showing demographics of participants who participated in Tuuka evaluation

Baseline characteristic

Participants

N (%)
Median Age (IQR) 28 (25-29)
Gender
Female 16 (73)
Male 6 (27)
Marital status
Single 12 (54.5)
Married/partnered 10 (45.5)
Facility
Public Hospital 4 (18)
Private Hospital 1 8 (36)
Private Hospital 2 5 (23)
Private Hospital 3 5 (23)
Highest educational level
Certificate 7(32)
Diploma 10 (45)
Degree 5 (23)
Designation
Nurse 15 (68)
Doctor 3(14)
Lab Technician 3(14)
Pharmacist 1(4)
Number of years in general medical practice
1-5 12 (54)
>5 10 (46)
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Table 6.2: The potentials of Tuuka mobile application among private healthcare workers

Characteristic (N=18) Agree Strongly Agree
Helping me make quicker medical decisions 2 16

Help me communicate with other healthcare 1 17
workers about the referred patient

Enhance patient follow up 1 17
Facilitate partnership with other health institutions 0 18
Quick TB case notification 1 17
Quick and efficient referral system 2 16

The majority

of the participants reported that Tuuka mobile application would help them make quicker medical

decisions regarding the referred presumptive patient, enhance communication with other healthcare

workers about the referred patients, enhance patient follow up and quick TB case notification,

facilitate partnership between private and public hospital facilities and was perceived to be a quick

and efficient referral system as shown in tables 6.2 and 6.3.

Table 6.3: The potentials of Tuuka mobile application among private healthcare workers

Characteristic, N=4 Strongly Agree
Helping me make quicker medical decisions 4

Help me communicate with other healthcare workers about 4

the referred patient

Enhance patient follow up 4
Facilitate partnership with other health institutions 4
Quick TB case notification 4
Quick and efficient referral system 4

6.4.2. Tuuka usability findings based on the SUS

The system usability scale (SUS) (Brooke, 1996a) was used to explore how the healthcare workers

perceived the usability of the Tuuka mobile application. The SUS is a 5 Likert scale for subjective
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assessment of system usability. The total mean for all respondents to the SUS was 98 (SD 1.97)

intervention. The descriptive scores of responses to the 10 questions of the SUS are presented in Table

6.4 below.

Table 6.4: Results of the System Usability Scale items for all participants (N=22)

things before | could get going with this app

Characteristic (N=22) Strongly | Disagree | Agree | Strongly
Disagree Agree

I think that | would like to use Tuuka app 0 0 5 17

frequently

I found the Tuuka app unnecessarily complex 22 0 0 0

I thought the Tuuka app was easy to use 0 0 3 19

I think that | would need the support of a 18 4 0 0

technical person to be able to use this app

I found the various functions in this app were 0 0 0 22

well integrated

I thought there was too much inconsistency in 19 3 0 0

this app

I would imagine that most people would learn 0 0 4 18

to use this app very quickly

I found the app very cumbersome to use 21 1 0 0

felt very confident using the app 0 0 7 15

I needed to learn a lot of 22 0 0 0

The total mean for all respondents to the SUS was 98 (SD 1.97) intervention which according to

(Bangor et al., 2008) would be in the fourth quartile range in the acceptability range.
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6.4.3. Technology adoption findings

UTAUT model guided the quantitative exploration of how the healthcare workers perceived the
acceptability of the Tuuka mobile application. Questions were structured according to the four main
constructs of the UTAUT model namely; performance expectancy, effort expectancy, social norms,
and facilitating conditions. The intervention was found acceptable and the descriptive scores of

responses are presented in Table, 6.5 below.

Table 6.5: Perceived usefulness, ease of use and social norms of Tuuka Mobile application

Characteristic (N=22) Neither | Agree | Strongly
Agree

Tuuka mobile app is useful in following up the referred 0 7 15

presumptive TB patients

Tuuka mobile app is more useful than the current referral 0 6 16

procedures

Tuuka mobile app positively affected the way | feel about 0 5 17

referring presumptive TB patients

Tuuka mobile app would help me in following up the referred 0 5 17

patients in time

Tuuka mobile app makes it easier to follow up referred 2 5 16

patients

Perceived ease of Use of Tuuka mobile app

It would be easy for me to use Tuuka mobile app to refer 0 4 18

patients

It would easy for me to remember to use Tuuka mobile app 0 4 18

It was easy for me to install Tuuka mobile app 0 5 17

Social norms about using Tuuka

People think I should use Tuuka mobile app to refer patients 0 6 16

My friends, workmates think I should use Tuuka mobile app 0 0 22

to refer patients

All participants reported that Tuuka mobile app is useful in following up the referred presumptive TB
patients, more useful than the current referral procedures, positively affected the way | feel about
referring presumptive TB patients, would help healthcare workers in following up the referred

patients in time. They also noted that the app is easy to use
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Facilitating Conditions for Tuuka mobile app

All participants had smartphones for Tuuka to be installed had electricity and cellular network as

facilitating factors to the usage of Tuuka as shown in table 6.6.

Table 6.6: Facilitating conditions for Tuuka Mobile application

Characteristic

Strongly Agree

Have a personal smartphone 22
My smartphone allows Tuuka mobile app to successfully 22
operate

Have electricity 22
Have mobile telephone network 22
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6.5.Qualitative findings

This section highlights findings from in-depth interviews with 22 healthcare workers. The results are
presented following the UTAUT model and detail the performance, effort expectancy, social norms,

and facilitating conditions associated with the mobile intervention.

Performance expectancy

* Bemmd patients to go to the referral umit

= Notify public healthcars workers about the
Imcoming patient

* Facilitate communication between facilities

Effort expectancy

= Ease of use of Tuuka app
» Watch with routine worlflow

Use/ acceptance of Tuuka
application

Social Norms

= Positrve perceptions from other hospital
staff

Facilitating Conditions
= Unlimited accessibility
= Uze of smartphones

N\

Figure 6.3: Organization of qualitative data on acceptability following the UTAUT model.

6.5.1. Performance Expectancy or perceived ease of use

The study participants found Tuuka mobile application useful in notifying both patients to go to the
place of referral and the public healthcare workers about the referred patients. They described that
the SMS notifications triggered by the Tuuka mobile app at the private health facility remind and
force patients to go the place of referral and also enables the healthcare worker at the public health

facility to prepare to receive the referred patient.
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But what | liked about the app is that it notifies the healthcare worker at the public facility
that a certain patient has been referred from a private hospital and is on the way coming and
also notifies the patient to go to the place of referral. So if the patient receives this message,
he or she will be forced and reminded to go to the hospital where he has been referred. This
prepares the healthcare worker to be alert knowing that a patient is coming from the private
hospital and also enables the healthcare worker to get more information about the history of
the incoming patient which enables the healthcare worker to prepare enough and to know
what to do when the patient comes to the facility and it forces the healthcare worker to follow
up the patient and know whether this patient reached the hospital. (Female, Nurse, 38 years,

Public Hospital)

Tuuka mobile application was reported to enhance communication between facilities. The application
was reported to allow healthcare workers at both the private and public health facilities to
communicate with each other about the referred patient after receiving an SMS notification which

would help to ascertain whether the patient reached the place of the referral or not.

If every facility can have that application so that when they refer the patient and notify cases
through the application it becomes an easiest way to communicate with other facilities to
follow up. Because when the person at the private hospital refers a patient, you receive a
message that a patient has been referred, so when you receive that patient, you also
immediately reply in the application which brings that easy communication across facilities.

(Male, Lab technician, 46 years, Private Hospital)

The mobile app was reported to enhance patient-centered care through coordinated patient follow up

efforts in both the private and public health facilities and through ensuring the privacy and
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confidentiality of patients where they can easily be worked on without lining up since the healthcare

workers are made aware in advance about the referred patient.

Usually patients from private hospital always require privacy and confidentiality, they don’t
want to be in those long lines, so this app helps in connecting them by alerting the public
health facility about their coming and they can be worked on faster by the healthcare workers
upon reaching the facility. This makes a patient feel good knowing that he or she is being

cared for. (Female, Nurse, 25 years, Private Hospital).

6.5.2. Effort Expectancy or perceived ease of use

Following the healthcare workers’ initial orientation to use the application, they found it easy to use
for referring the presumptive TB cases. The application has an SMS functionality that would notify
the healthcare worker at the public facility about the referred patient which would prompt them to do

the needful and the application irrespective of where they are.

1 think the app does not need a lot of time to operate, it’s just a matter of adding the patients’
details and the public hospital gets notified about the referred patient. The interfaces were
fast and easy, it is user friendly, you just put it details and it is simple it directs you to the next
stage. Most people don'’t like a lot of data entry, so when it has few data entries, it makes the

process simpler. (Female, Nurse, 25 years, Private Hospital).

The participants at the referral unit noted that the app functioned well as evidenced by receiving SMS

notifications about an incoming patient as soon as the private healthcare worker referred the patient.

The application was working very well because immediately when a patient was referred from
the private hospital, | would receive the message on my phone about the incoming patient.

(Female, Nurse, 38 years, Public Hospital)

123



6.5.3. Social influence

Participants noted that the SMS messages received by patients might result in unintended status
disclosure which might cause issues, especially among patients whose spouses might not be aware

that they were sick

The message could result in unintended disclosure partly for example couples get access to
each other’s phones, one might not know that his or her spouse went to the facility and then

all of a sudden sees the message about the referral

(Female, Medical Doctor, 26 years, Public Hospital)

6.5.4. Facilitating conditions

Participants noted that the app does not require a lot of space for installation and the internet to be
downloaded which was perceived to enhance its acceptability. They reported being repulsive to
downloading apps that require a lot of space and internet in terms of MBs as it would be expensive

in the long run.

The app didn’t take a lot of my data in terms of downloading it because not everyone would
be willing to spend more data to download an app and on the other hand the app is small
enough, it doesn’t take a lot of space on my phone. (Male, Medical Doctor, 26 years, Public

Hospital)

However, participants noted that the internet might limit the usability of the app since the application
entirely runs on the internet. The SMS notifications sent to healthcare workers were perceived to

force the healthcare worker to buy internet and get more information about the patient

124



Of course you have to have data (internet) so that every time you receive the message on the
phone, you will login the app to send the patient a message in case he or she delays to come.
But what I liked about it is that in case one doesn’t have internet, after receiving the message,
you can be forced to buy data and log in the application and see the details about the referred
patient. So the lack of internet does not hinder someone from getting notified because the

incoming referred patient. (Female, Nurse, 38 years, Public Hospital)

The lack of smartphones among healthcare workers was reported as a major hindrance to using the

application. Participants highlighted the need for integrating the application to operate on feature

phones.

May be the hindrance may be unavailability of compatible smartphones. If the healthcare
worker is deep in the village at a health center Il and suspects TB and he has no smartphone,
is it able to run of feature phones? The app should be improved to be used on feature phones.

(Male, Lab technician, 46 years, Private Hospital).

In summary, this chapter has outlined the research findings from research objective four for the study.

This brings us to the discussion section in the next chapter (chapter 7) which discusses the main

research findings.
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CHAPTER SEVEN: DISCUSSION

7.1. Chapter overview

This chapter presents the main discussion of the thesis, first the main findings from the scoping review
investigation are discussed, and then the formative qualitative investigation, followed by the
framework development discussion and lastly discusses the findings about the initial acceptability

and feasibility of the developed intervention.

7.2. Discussion for research objective one

The scoping review investigation aimed at summarizing the published evidence on the utilization and
effectiveness of mHealth interventions for PPM in TB care from literature. This was through an online
database search for peer-reviewed literature about mHealth interventions for PPM in TB care. Studies
that discussed the utilization of mHealth interventions for implementing PPM in TB care were
included in this review. Only nine studies met the inclusion criteria and were analyzed for review.
Several mHealth interventions identified by this review include mobile applications used for TB case

notification (Chadha et al., 2017b, Khan et al., 2012a, Lestari et al., 2017, Thu et al.,

2020a, Velayutham et al., 2015b), educating clinicians about TB (Pande et al., 2017a) and data

collection and management (Ali et al., 2016b). Telephone calls for patient follow-up (Choun et al.

2017a) and SMS reminders (Mohammed et al., 2016b) for Medication adherence. This resulted in

high user experience (Pande et al., 2017a), significant time reduction in data aggregation (Ali et al.

2016Db), increased case notification (Khan et al., 2012a), and referrals (Chadha et al., 2017b) and

proactive tracking and provision of follow up care hence reduced treatment and completion gaps (Thu

etal., 2020a). Although various mHealth technologies have been utilized in enhancing PPM, technical

and operational challenges encountered by the users can hinder the technology usability as evidenced

in India (\Velayutham et al., 2015b) where system complexity resulted in non-usability.
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The latest WHO Roadmap for PPM (WHO 2018) emphasizes harnessing the power of digital
technologies to attain 100% systematic engagement of all non-state providers in TB care by 2030-
2035. There is a need for additional practical evidence from the pragmatic implementation of several

digital interventions to enhance the translation of findings into local practice (Ngwatu et al., 2018).

The scoping review identified several mHealth interventions utilized in PPM for TB care, which
include mobile apps, SMS messages, telephone calls, and voice-based notification systems. These
interventions have the potential to facilitate better patient outcomes compared to the routine standard

of care.

None of the identified studies reported the software framework (an abstraction in which the software
providing generic functionality can be selectively changed by additional user-written code thus
providing application-specific software) on which the implemented mobile apps were developed.
This limits replication and implementation of the software architecture for applications with similar
characteristics and provision of support for large-scale reuse of the interventions (Fayad,

2001, Fontoura et al., 2000), which could have contributed to suboptimal usability since several

factors could have been missed during the intervention development. There is a need for developers
and researchers to ensure the implementation of interventions that allow replication and reuse on a

larger scale implementation.

None of the reviewed studies document behavioral theoretical frameworks on which these
interventions were developed. Interventions based on behavioral theory are efficacious in changing

health behaviors (Hesam et al., 2020, Hagger and Weed, 2019), and yield better health outcomes

(\Vandelanotte et al., 2016). The lack of theoretically founded mHealth interventions has been a major

contributor to small effect sizes. The implementation of mHealth interventions based on behavioral

theories has been recommended as a key step for mHealth research design (Glanz and Bishop, 2010).

There is an urgent need for theory-based mHealth interventions for enhancing PPM.
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Although a mobile application was reported to have increased case detection by (Khan et al., 2012a),

it is rather hard to attribute treatment success and evaluate the actual contribution of the mHealth app
as far as case notification is concerned. This is because the study was combined with other
interventions (mass media campaigns that involved billboards, cable television adverts, posters,
banners, and flyers) for encouraging patients to seek medical attention at study sites (Denkinger et
al., 2013). In addition, although Thu and colleagues also report that the mobile app reduced the

dropout rate in the cascade of care (Thu et al., 2020a), the study does not report the design features

(software architecture) of the app, which limits comparability. It is pertinent for researchers to state
and define the parameters that were used to design the application, and its key functionalities to
enhance the clear assessment of the intervention's effectiveness, especially in instances where mobile
apps are combined with several other interventions. This will aid in understanding the effectiveness

of the implemented mHealth technology.

On the other hand, the utilization of community lay people to screen patients for TB, might result in
potential status disclosure. This might result in stigma, discrimination, and discomfort (Mhode and

Nyamhanga, 2016) among patients who might not feel comfortable about their status being known

especially when the community lay workers come from the same village as the patients (Rachlis et

al., 2016). Patients are more likely to confide in trained healthcare workers compared to lay, people,

since they are not trained in confidentiality issues (Geldsetzer et al., 2017). Future mHealth
intervention implementers must ensure that the confidentiality and privacy of patients are prioritized.

Security and privacy are key concerns in mHealth (\Whittaker, 2012) and must be carefully addressed

for patients to trust it.

The scoping review noted that the utilization of telephone calls enabled the referred patients to reach

the peripheral units of referral in Cambodia (Choun et al., 2017a) which resulted in high retention of

TB patients. The utilization of telephone follow-up calls has been reported somewhere else (Houser
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et al., 2013) and was associated with satisfaction with care among primary care patients after the

ambulatory care visit in the USA. Telephone calls were also found to be a cost-effective strategy for
the provision of timely comfort or referral where needed among older patients seeking emergency

department service after being discharged from the hospital (Lewis et al., 2017). The review,

however, noted that voice-based notifications (\Velayutham et al., 2015b) on the other hand did not

yield significant results due to both technical and operational challenges encountered on the side of
the healthcare workers (busy phone line or call interruptions). The system required about five minutes
to notify a single TB case, which is rather a very long time especially for healthcare workers to notify
a single case. Such technical issues frustrate the usability and acceptability of the system among the
users, which results in the abandonment of the intervention. Using such a system in an already
overwhelmed health sector with an alarming uneven doctor-patient ratio, especially in low resource
settings overburdens the service provision efforts. Successful implementation of voice-based systems
for case notification requires hiring specific staff for reporting the cases to lessen the burden on the

healthcare workers.

The development of mHealth interventions requires the restructuring of the system architecture to

ensure that simpler, faster, and easy to use interventions (Uplekar, 2016) aimed at easing the work of

healthcare workers are developed. Interventions that are perceived to be easy to use can result in

sustained use (Opoku et al., 2017) thus better health outcomes. The utilization of user-centered

approaches that involve studying the user behaviors, requirements, characteristics, needs, and skills

at each phase of the design (Wever et al., 2008) is crucial in facilitating the acceptability of the

developed prototype among the system end-users (Goold et al., 2006).

The review found no significant impact of SMS messages on TB medication adherence (Mohammed

et al., 2016b), which has also been reported in China (Liu et al., 2015). This, however, is in contrast

to findings from three meta-analyses (Wald et al., 2015, Mbuagbaw et al., 2013, Finitsis et al., 2014)
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and one randomized trial (Musiimenta et al., 2018a), which on the other hand reports improved ART

medication adherence. To ensure positive results, designing and implementing SMS interventions for
TB medication adherence should consider various factors like literacy levels, and the duration on
treatment since SMS messages are associated with supporting self-administered treatment compared

to DOTs (Ngwatu et al., 2018).

Although the review indicates that mHealth technologies have been utilized in fostering PPM for TB
care, their utilization and implementation in Africa remain unknown, yet most countries in Africa still
grapple with a high number of TB cases. Research utilizing mHealth for PPM in TB care in Africa is
limited yet Africa still struggles with high TB disease prevalence and incidence. Africa contributes

to 25% of the global TB cases (WHO, 2020). Thus leaving a research gap in understanding how

mHealth is utilized to engage the private sector in TB care, especially in African settings. This implies
that there is a need for investigation to understand the acceptability, feasibility, and efficacy of
mHealth technologies for PPM in TB care in Africa since factors that affect/ influence the adoption
of interventions in different economic settings might differ. MHealth technology might help identify

the referred patients who do not present for treatment (Islam et al., 2015), and help in reducing the

time spent at health facilities (Tumuhimbise et al., 2020). In addition, mHealth technologies are

acceptable and affordable alternative approaches for health services in settings where face-to-face

approaches are difficult (Musiimenta et al., 2020b, Musiimenta et al., 2021)and monitoring TB

medication adherence (Musiimenta et al., 2019). The increased penetration of mobile phone

technology and internet usage in Africa (GSMA, 2017) and developing countries offers a strong

scientific premise for the implementation of mHealth technologies for enhancing PPM in TB care

(Uplekar, 2016).

The scoping review highlights the lack of impact efficacy studies documenting how these mHealth

technologies have been effective in enhancing PPM for TB care. Of the included studies, seven were
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pilot studies (Ali et al., 2016b, Chadha et al., 2017b, Choun et al., 2017a, Lestari et al., 2017, Pande

etal., 2017a, Thu et al., 2020a, Velayutham et al., 2015b). Impact efficacy studies aimed at assessing

the effectiveness of mHealth technologies for PPM in TB care would help in narrowing the

knowledge gap about several mHealth technologies.

7.3. Discussion for research objective two

Using CFIR as a guide, emergent themes were categorized based on relevant constructs of the five
CFIR domains. These constructs include cost, external policies and incentives, structure
characteristics, networks and communications, and knowledge and beliefs about the intervention
where barriers to private hospital’s engagement arose from while relative advantage, patient needs

and resources, and engaging construct yielded motivators.

The barriers encountered by the private hospitals in TB care included lack of drugs, registers, and
diagnostic tools, which hinder active TB control efforts; lack of proper follow-up mechanism; lack
of training and qualified human resources; lack of accreditation from the Ugandan MOH; limited
space for keeping TB patients; indirect income-generating nature of TB management; delayed
seeking of healthcare by the patients; and concerns regarding the payment of care by patients. The
identified motivators were perceived high quality of care in the private hospitals, privacy and
confidentiality concerns, long distances to the public healthcare centers, and formalization of

partnerships between private hospitals and the government.

The lack of access to drugs, registers, and diagnostic tools to fully manage the identified cases in the
private hospitals implies that despite the willingness and availability of the private hospitals to offer
TB services, patients end up being referred to the already overburdened public sector and sometimes
delay initiating treatment. This lack of TB services may be attributed to a lack of financing for TB-

related activities in Uganda (MOH, 2018) which limits the successful TB management outcomes. In
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Uganda, the overall funding for the TB-related activities in both public and private sector is meager
and insufficient which undermines the need to properly support basic health services for TB (Wynne

et al., 2014). A review carried out by Lei and Colleagues (Lei et al., 2015) highlights insufficient

funding as one of the challenges that affect the implementation and scaling up of the PPM in the long
term. Commitment from the government, private sector, and other funding bodies to ensure continued
funding for TB care in the private sector is necessary to enhance collaborative efforts and successful
outcomes. Commitment is one of the facets of enhancing the organizational readiness for

implementing changes (Shea et al., 2014). Lack of commitment hinders efforts to effect the change

within an organization, therefore there is a need for unwavering and persistent shared resolve among

key stakeholders to have this engagement done.

Limited training and lack of qualified staff in the private health facilities hinder their ability to fully
screen, diagnose, and interpret the results for better patient management. Similar findings have been

reported previously (Cattamanchi et al., 2015, Nansera et al., 2010), in Uganda where inadequate

skills in detecting and managing TB among healthcare workers hinder TB disease control efforts in
Uganda. The results indicate that the healthcare workers in the private hospitals acknowledge that
lack of training continues to limit their engagement in TB care efforts. To address this, the WHO

recommends Tuberculosis infection Control (TBIC) (WHO, 2009) in healthcare facilities which were

implemented by training healthcare workers in TBIC by the Ugandan MOH (MOH, 2011). However,
there remains a gap among healthcare workers with correct knowledge and attitudes toward TBIC

(Buregyeya et al., 2016). The findings emphasize that training healthcare workers are a key

component in ensuring the successful fight against TB, for, through training, healthcare workers are
not only equipped with the necessary skills in TB care but also are empowered in TB management.
There is a need to train private healthcare workers to increase their levels of TB suspicion and TB

infection control (Buregyeya et al., 2014) if the full engagement of the private hospitals is to be
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ensured. The training — imparting skills has the potential to equip healthcare workers with the
necessary skills to handle TB patients and effectively manage the disease, which may influence the
attitudes of healthcare workers, and policymakers towards engagement in TB care. The degree to
which an intervention is valued heightens the intention to use an intervention (Ajzen, 1991), therefore
skills gained during the training are more likely to increase an individual’s value attached to the

engagement in TB care.

Lack of accreditation for private hospitals by the Ugandan MOH to provide TB services constrains
their engagement in TB care despite being the first point of contact of care before TB suspects/patients
reach the public hospitals. This is attributed to the excessively complicated administrative procedures
involved in obtaining accreditation from the MOH. In addition, since most private hospitals are for-
profit, TB disease management is perceived as a non-lucrative business, its direct benefits are not
realized, and this leads to a reluctance among the private hospital owners to venture into it. This puts
public health at a risk in settings where private health facilities are the main sources of healthcare-
seeking. This calls for efforts to ensure that private TB clinics are supported by the MOH through
accreditation/licensing to manage TB and adequate funding. However, with the current health
financing challenges evidenced by the underfinanced health sector in the low resource settings like

Uganda (Gutierrez et al., 2018), this might be difficult to attain. This implies that most patients who

prefer seeking healthcare in private hospitals are referred to other facilities which are accredited to
provide TB services and, in the process, the possibility of them being lost to follow-up might arise

due to the weak referral system (Wynne et al., 2014). Establishing and streamlining patient referral

mechanisms to ensure that the patients referred from private hospitals are followed up to reach the
place of referral in public hospitals could provide a cost-effective option for ensuring better TB care

outcomes.
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Generally, TB management requires comprehensive and additional costs for setting up infrastructure

like installing diagnostic machines like Gene Xpert, new separate isolation rooms (Granich et al.

1999), and employing new hospital staff specifically designated to work on TB patients which makes
it a financial burden to privately owned hospitals. Lack of facilities results in many cases being

unhandled at the private hospitals thus frequent referrals of the suspected TB patients (Nshuti et al.

2001) to public hospitals in search of well-equipped and accredited TB services. This is a common

practice in Uganda (O hanlon et al., 2017) where patients are referred to other facilities for diagnostics

and treatment. The referral system in Uganda is however constrained by a lack of patient tracking

mechanisms (Oliwa et al., 2020) and patients end up getting lost to follow up between facilities

(O’hanlon et al., 2017) and along the referral pathway. Besides, in most cases, government hospitals

where TB patients are referred are also grappling with a high patient burden, as evidenced by the
doctor-patient ratio that is estimated to be 1:11,000 compared to the recommended 1:1000 by WHO

(Achan, 2019). The high patient-doctor ratio results in many patients being unattended to even after

they had been referred, thus delayed treatment initiation which makes the patients’ referral process
less effective. All these factors are recognized by private providers in this study and feel that this

continues to hinder the successful efforts of TB care.

On the other hand, several motivators were highlighted, healthcare workers reported that patients find
private hospitals more confidential as far as patients’ confidentiality is concerned. A study in Kenya

(Keesara et al., 2015) documents patients’ preference for private hospitals due to high levels of

privacy and confidentiality compared to public facilities. Another cross-sectional survey reports high

patient satisfaction with the quality of care and responsiveness to the patient preference among private

hospitals in Uganda compared to public hospitals (Babikako et al., 2011). The study findings reveal

that patients’ preference for the private hospitals offers an opportunity for engagement in TB care
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provided the facilities are well equipped with the necessary services through funding thus contributing

to the success of PPM efforts.

To enhance the engagement of private hospitals in TB care in Uganda, there is a need for commitment
— a shared resolve of ensuring that the involvement of private hospitals in TB care among key
organizational stakeholders such as healthcare workers (doctors, nurses, etc.), and hospital

administrators (Shea et al., 2014). This will gear concerted efforts towards inclusive involvement in

TB care. This commitment should be supplemented with the organizational shared beliefs towards
change (change efficacy) which involves knowledge to effect the required change and the availability

of necessary resources (human and financial) that stimulate commitment towards change.

Establishing official partnerships between private and government hospitals is a key metric to
ensuring for ensuring systemic and scalable efforts for engaging the private hospitals in TB control
and care. This would require the MOH to meet and engage with the directors of the private hospitals
for buy-in and signing of the memorandum of understanding which will help define the jurisdictions
and clear definition of each party’s (private and public) role in TB care. On the other hand, contracting
involves the utilization of public funds to engage the private entities to deliver services (Bennett et

al., 2017) and requires the definition of who does what regarding implementation (Lonnroth et al.,

2006) can also ensure successful engagement efforts. This would necessitate a commitment to
designing and managing these contracts by both public and private facilities to enhance successful
implementation. These partnerships would involve the provision of adequate funding, free supplies
of TB drugs, educating the healthcare workers in private hospitals, and routine supervision to monitor

the progress of implementation by the government.

The adoption and utilization of mHealth technologies may offer a low-cost alternative approach for

supplementing and enhancing private hospitals’ efforts in TB management and help reduce the
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identified barriers and the current burden on the public hospitals. A scoping review conducted by
Tumuhimbise and Musiimenta highlights how mHealth has been used in fostering PPM through TB
screening, case notification, treatment adherence, data collection and management, patient referral,

and follow-up (Tumuhimbise and Musiimenta, 2021d). The utilization of mHealth technologies has

shown promise in supporting TB medication adherence (Musiimenta et al., 2019) and has been found

acceptable and feasible for supporting ART medication adherence in a public hospital setting

(Musiimenta et al., 2018a). Capitalizing on mHealth could enable remote access to healthcare services

(Tumuhimbise et al., 2020) for patients especially those referred to public hospitals, and could enable

the training of healthcare workers following the National Tuberculosis and Leprosy programme

guidelines for screening, diagnosis, and care (O'Donovan et al., 2015), and enhance the provision of

allowances (incentives) (USAID, 2015) to incentivize healthcare workers for their efforts to draw

masses for screening, financial and infrastructural support from the government and other funders.

The potentials of mHealth in fostering PPM identified from the findings included: mapping and
linking patients from private hospitals to the referral units; supporting patient care and medication
adherence; as well as notifying and reporting TB cases to the Ugandan MOH. The identified concerns

were poor internet connections and lack of knowledge to use mHealth interventions.

The potential of mobile health technologies to map and link referred patients to the referral points
could eliminate the risk of loss of patients along the pathway of care but could also result in enhanced
patient care and monitoring. Through such mobile health interventions, the proportion of patients that
reach their expected referral points and who get started on medication on time could increase, with
subsequent reductions in diagnostic and drug initiation delays as evidenced in India (Chadha et al.,
2017). Most of the private hospitals in Uganda are not accredited to provide tuberculosis services,
this limits their efforts and engagement in tuberculosis care despite being at the center of receiving a

majority (48%) of the population who seek healthcare compared to the government (public) health
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facilities (34%), 14% who preferred to go to privately owned pharmacies, 1% who preferred field
workers/ Village health teams and 3% to shops, outreach services, traditional practitioners, markets
and private doctors (Uganda Bureau of Statistics, 2017). Therefore, as a common practice, most of
these private hospitals refer presumptive tuberculosis patients to public hospitals (O’hanlon et al.,
2017). However, the lack of mechanisms for following up on these patients in private hospitals
(Tumuhimbise and Musiimenta, 2021b) still stifles tuberculosis control efforts. In this regard, the
adoption of the current information communication technologies like smartphones, and mobile apps
(Mobile health) as a mechanism for following up on these patients after referral could ensure easier
patient tracking and successful referral processes from private to public health facilities. The
implementation and utilization of mobile health in fostering the public-private mix in Africa remain
unknown, yet most countries in Africa still grapple with a high number of tuberculosis cases (25% of
the global tuberculosis cases come from Africa) (World Health Organization, 2020a). Understanding
how mobile health is utilized to engage the private sector in tuberculosis care, especially in African
settings has the potential to ensure better tuberculosis disease outcomes in Africa (Tumuhimbise and

Musiimenta, 2021a).

The potential of mobile health technologies to support patient care and medication adherence among
tuberculosis patients could enhance the timely intake of medication and the attendance of hospital
appointments for pill refills (Gashu et al., 2019). Particularly in our study, participants reported that
mobile health technology would enable healthcare workers to monitor patients thus enabling
adherence to medication and attendance of hospital appointments. Mobile health provides quick
access to information for both patients and healthcare workers and offers a qualitative and quantitative
interaction between the healthcare providers and the patients (Tumuhimbise et al., 2020). Several
studies utilizing mobile health technologies for supporting medication adherence among both

tuberculosis and human immunodeficiency virus patients have been conducted in Uganda
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(Musiimenta et al., 2018, Musiimenta et al., 2019) and were found to be acceptable and feasible. A
randomized control trial (Mohammed et al., 2016) that was conducted in Karachi Pakistan utilized
two-way short message service reminders to encourage newly diagnosed patients from public and
private health facilities to take their medication. However, the utilization of mobile health
technologies between the public and private health facilities in Uganda for tuberculosis care is
unknown. This leaves a research gap and calls for a special investigation on how mobile health

technologies can be utilized for enhancing the public-private mix in tuberculosis care.

Our study findings report that mobile health interventions could also enhance quick and timely
notification of tuberculosis cases from private health facilities to national tuberculosis programs to
ensure better planning of tuberculosis management services. Notifying cases is key in enhancing the
tracking and management of tuberculosis patients. The tuberculosis case notification rate in Uganda
is mostly done by public hospitals (86%), while private for-profit facilities notify only 1% (Ministry
of Health, 2020). The report shows that most of the cases are still missed where about 30,000 people
with tuberculosis symptoms were neither notified nor diagnosed in 2018/19. This implies a need for
establishing mechanisms for ensuring that all cases are notified. Mobile health could play a role in
improving notification of every diagnosed case as shown in the literature. According to a scoping
review by Tumuhimbise and Musiimenta, mobile health interventions like mobile applications have
been utilized in the notification of tuberculosis cases in Vietnam India, Indonesia, Pakistan, and
Vietnam (Tumuhimbise and Musiimenta, 2021a). A referral and reporting back mobile phone
application was found to be acceptable and feasible for notifying tuberculosis cases among private
practitioners in Indonesia (Lestari et al., 2017). Although mobile health has been utilized in the
notification of tuberculosis cases elsewhere, its experience among healthcare workers in settings like

Uganda where healthcare workers might be overwhelmed with a large number of clients (high patient-
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doctor ratio) and fail to find time for real-time use of the application to notify cases; this is being

explored in our ongoing research investigation.

Our findings show that mobile health technologies have the potential to reduce stigma among patients
referred from private to public hospitals. Literature has shown the potential of mobile health to reduce
human immunodeficiency virus-related stigma among youths in the United States (Mulawa et al
2021), however, very few interventions aimed at reducing tuberculosis stigma have been utilized
(Courtwright and Turner, 2010), thus a need for exploring the potential of mobile health in stigma

reduction in tuberculosis care.

In this study, participants raised concerns about the lack of knowledge to use the developed mobile
applications. User involvement during intervention development may play a role in acquainting
system end-users with the intervention which in the long run could facilitate the acceptability of the
developed application among users (Goold et al., 2006). This approach helps the developers to
understand user behaviors, requirements, and skills at each phase of the design (Wever, Van Kuijk,
and Boks, 2008). Training users on how to use the application before implementation may improve
usability and address this concern. Users who are not well trained to use find it hard to use the
technology (Gurupur and Wan, 2017). Therefore, system implementers should ensure conducting
initial training sessions before rolling out the interventions. In addition, developers should develop
interventions that are easy to use (Tumuhimbise and Musiimenta, 2021a) which are intended to ease

the work of healthcare workers.

The reported poor internet connectivity or lack of internet access especially for interventions that
entirely run on the internet or require the internet to function can hinder the usability of the application
and result in the abandonment of the interventions (Katusiime and Pinkwart, 2019). Mobile health

interventions that entirely rely on the internet to operate, require stable internet connections to ensure
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thorough operability (Chen et al., 2016). The jurisdiction of the cost burden of internet packages for
running these internet-based interventions must be clearly defined lest the cost burden on the users
can’t be sustained in the long run. Mobile health interventions should strive to remove the cost burden
from the users if successful implementation is to be ensured (Zhou et al., 2019). Considering the
development of standalone interventions or applications that do not require the internet to operate can

address this concern.

The general implementation and coverage of the public-private mix for tuberculosis in Uganda
require deliberate efforts to ensure that all private health facilities are involved in tuberculosis care if
success and better health outcomes are to be realized. Engaging and empowering the private sector
in tuberculosis disease management is crucial in enhancing the reduction of unnecessary deaths and
sufferings due to substandard diagnosis, inappropriate treatment, and care that occur in the private
sector, thus reduction in catastrophic costs (World Health Organization, 2018). Successful
tuberculosis control efforts cannot be achieved globally if private providers are not brought on board

to tackle tuberculosis disease.

7.4. Discussion for research objective three

In this thesis, the notion of the mHealth framework for following up and linking the referred
presumptive TB patients from private to public hospitals has been presented. The framework is
composed of six modules responsible for the functionality of the developed application. These include
1) application layer module which offers an interface for the app to run on the android platform; 2)
Network connection module responsible for the connectivity of the developed application to ensure
that it functions; 3) storage module responsible for storage, access and retrieval of the patients’ data;
4) service module responsible for sending and receiving of short message service reminders to

presumptive Tuberculosis patients and healthcare workers; 5) data processing module responsible for
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retrieving data stored in the storage module and making it available for viewing and manipulation by
the healthcare workers; 6) data analytic module which enables the analysis and generation of reports
from data collected on patients. The MOHE framework introduces a new perspective on how mHealth
interventions can be developed to follow up patients referred from private to public hospitals thus

offering a patient-centered type of care to ensure better healthcare outcomes.

In this thesis, a mobile application called Tuuka was developed based on the modules of the MOHE
framework to test its validity and reliability and to enhance the linkage of presumptive TB patients
referred from private to public hospitals in Uganda. The underlying technological development used
to develop the app can be expanded in following up on all patients referred from private to public
hospitals. The application enables the automation of the referral process, especially in settings where
public-private referrals are common, and offer valuable insights and knowledge necessary for the

development of a similar intervention in other settings.

Most mHealth interventions lack sustained use and are later abandoned by the intended users, this is

mainly due to a lack of motivation or declining interest (Mustafa et al., 2022), among the users to use

the intended intervention. Literature has shown that one in every two apps installed is uninstalled

within a month because of failure to meet the user’s expectations (Shani and Omer, 2021). Given the

busy working nature of healthcare workers, users may be busy using the application and thus may
abandon it at a later stage. This makes sustainability of the intervention difficult thus failure to realize
the intended health outcomes. Rewards in form of material incentives such as cash or gifts may

potentially increase the user’s motivation to use an intervention (\Wei et al., 2020). In a study carried

out in China, monetary incentives were found to promote the secondary distribution of HIV self-

testing among men who have sex with men (Zhou et al., 2022). Incorporating a rewards feature during

the design of mHealth interventions may enhance user engagement. There is therefore a need for
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ensuring that mHealth interventions are embedded with motivational incentives in terms of

conditional cash incentives to ensure motivational use of the intervention among healthcare workers.
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7.5. Discussion for research objective four

This investigation addressed the question: what is the acceptability and feasibility of a mHealth
intervention for following up presumptive Tuberculosis patients referred from private to public
hospitals? Drawing from the UTAUT model, the investigator found that a mHealth intervention is
acceptable and feasible for following the referred patients from private to public hospitals among
healthcare workers. Findings reveal that the main construct to the acceptability of Tuuka application
was perceived usefulness. The developed mobile application not only reminds the referred
presumptive patients to go to the place of referral but also notifies healthcare workers at the public
health facility about the incoming referred patient which facilitates the communication across

facilities and enhances patient based care.

The study findings reveal that sending reminders to patients to go to the referral unit and notifying
healthcare workers at the place of referral was interpreted as caring for the referred patients which
would motivate the patients to be encouraged and forced to go to the place of referral knowing that
their healthcare workers are waiting for him or her. SMS reminders’ implication for care for patients

has been also reported by (Ware et al., 2016) among people living with HIV in rural Southwestern

Uganda

The findings are in tandem with several literature reviews that have highlighted how SMS reminders

can aid in reducing missed hospital appointments (Opon et al., 2020) and assist patients to adhere to

their regimen to reduce the rates of readmission (Perri-Moore et al., 2016). Therefore the utilization

of a mobile application that automatically sends reminders to patients may help enhance care among

patients.

Although the application runs entirely on the internet, the SMS component as reminders for patients

and notifications for healthcare workers about the referred patients triggered at the private hospital
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where the patient was referred may enhance timely care offered to the patient thus reducing delays
along the referral pathway. However receiving a message to go to the referral unit doesn’t guarantee
adherence to the referral, there could be other factors that may hinder a patient from reaching the

place of referral like lack of transport as noted (Tumuhimbise et al., 2020), being too weak to reach

the facility. Therefore the implementers of mHealth interventions that utilize SMS should bear in

mind that other factors may affect adherence to the referral even after receiving the intervention.

The application was also reported to enable communication between both private and public hospitals
which helps in keeping track of the stage where the referred patient has reached. This ensures
concerted efforts from both public and private facilities to ensure that they are engaged in TB care
efforts. In a setting where most private hospitals are not accredited to provide TB services, and where
most of these hospitals refer their presumptive patients to public health facilities, the application
offers a follow-up mechanism of ensuring that the Public hospital is notified about each case
identified in these private hospitals. Thus enhancing PPM through garnering efforts from both actors

in ensuring that the patient has been followed up to ensure they are not lost along the referral pathway.

Although the application was found acceptable concerns about status disclosure were raised
especially if a patient received an SMS reminder telling him or her to go to the place of referral. Issues
of status disclosure by SMS reminders have been reported in southwestern Uganda (Musiimenta et
al., 2018Db), therefore crafting of messages to be sent to patients requires the consideration of privacy
and confidentiality. The majority of the patients who seek care in private hospitals are concerned with

privacy and confidentiality (Tumuhimbise and Musiimenta, 2021b). The majority of the patients

consider private hospitals to be more confidential as far as giving patients the liberty to get their drugs
and also making private arrangements for drug delivery are concerned. Therefore there is a need for

ensuring that the message does not reveal the status of the referred patient.
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Lack of access to the internet by healthcare workers was also noted as a potential limiting factor for
the usability of the Tuuka application. In settings like Uganda where internet penetration is still low,
and where healthcare workers have to buy their internet bundles to use the intervention, the
intervention may not be sustainable in the long run. Future interventions should ensure the

development of standalone interventions (Tumuhimbise and Musiimenta, 2021c) which can run

without the internet or those that can run both offline to allow data collection without the internet and

then when the user gains access to the internet, data can be synchronized.

The study findings have shown that mobile apps that require more internet bundles to be downloaded
and consume a lot of space on the users' devices are likely not to be utilized. Users are likely to

abandon mobile applications that take up a lot of space or memory on their phones (Dennison et al.,

2013). Therefore developers should put this into consideration.

The design of mHealth interventions to be used by healthcare workers must be done with caution
because of the nature of their work, they are always busy dealing with patients due to a high patient-
doctor ratio. Integrating mHealth interventions in the routine work of healthcare workers requires

well-thought approaches and this can be through designing simpler interventions (Tumuhimbise and

Musiimenta, 2021c) that require a short period to operate, and interfaces must be well integrated for

easy navigation. In addition, monetary incentivizes may play a role in motivating usage among
healthcare workers, lest it would require hiring new staff specifically for operating the interventions

if the required results are to be achieved.

The results indicate that Tuuka intervention is technically feasible in Uganda since a few technical
issues emerged. The healthcare workers were trained on how to use the app and were able to use the

application to see how the referrals are made. All healthcare workers owned smartphones and were
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able to use the app for a period of one month. This was meant to acquaint them with using the

application.

7.6.  Train, Restructure, Incentivize, Legalize, and Integrate (TRILI) Policy framework for

the implementation of Tuuka Mobile application

™~

Restructure

Adoption of

Tuuka

Mobile

Incentivize

Figure 14.1: Train, Restructure, Incentivize, Legalize, and Integrate (TRILI) Policy framework

The TRILI framework incorporates lessons learnt and recommendations from the Ugandan context
which can guide sustainable implementation of a mobile application for following up the referred
presumptive TB patients from private to public hospitals. The policy framework highlights key
multilevel factors that must be in place to ensure successful sustainable use of a mobile application
for following up referred presumptive TB patients from private to public hospitals. The development
of the TRILI framework is based on the lessons learnt from the development of Tuuka mobile
application and it offers an understanding of how to deal with associated with following up referred
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patients from private to public hospitals in Uganda. It incorporates several components of the COM-
B model (Michie et al., 2011) but is specific to the Ugandan context. Below is the description of each

domain.

7.6.1. Domain 1: Train

This domain is aimed at empowering both the private and public healthcare workers on using the
application and educating the healthcare workers about the importance of using a mobile application
in following up patients. This is key in increasing awareness about the application to ensure its
adequate usage. Workshops and seminars tailored to empowering healthcare workers from both
private and public about the use of the Tuuka mobile application for referring patients and following
them up to ensure that the referred patients reach their place of referral. This training involves training
the private healthcare workers in the basic provision of TB services by following the recommended
National Tuberculosis and Leprosy programme guidelines for screening and referring patients.
Developing user manuals and tutorials for users may play a role in influencing the use of the
intervention. Lack of training arrangements and lack of information resources have been noted as one

of the reasons that may cause non-use of the developed mobile applications (Hinze et al., 2017).

7.6.2. Domain 2: Restructure

This domain is aimed at improving or changing the physical or social context around an individual to
influence their behavior. Restructuring for the implementation of a mHealth application for following
up presumptive Tuberculosis patients referred from private to public hospitals may involve the
provision of dedicated internet services and smartphones to healthcare workers, ensuring the
availability of technical support for healthcare workers/users, redesigning the software to
accommodate future changes that may arise from the users and ensuring compatibility with emerging

technologies and platforms like operating systems, mobile devices. Hiring new staff if necessary to
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act as change agents within an organization. This is key to enhancing organizational readiness for
change by garnering commitment from various stakeholders including the government, private sector,

and other funding bodies to ensure continued funding for system implementation (Shea et al., 2014).

Limited commitment from key stakeholders has the potential to hinder efforts to effect the change
within an organization, thus is a need for unwavering and persistent shared resolve among key
stakeholders to have this implementation engagement ongoing. Therefore this domain suggests that
the organizational restructuring could enhance the usability of the intervention among healthcare

workers.

7.6.3. Domain 3: Incentivize

This domain is aimed at motivating healthcare workers to use the developed application. There is a
need for ensuring that the users of the application are motivated to continuously use it. Most mobile
applications are always abandoned and do not reach their intended objectives since users lack
motivation for sustained use. Low engagement in terms of repeated and consistent usage of mobile

applications has been reported by (McCallum et al., 2018). Findings have shown that 90% of mobile

apps are uninstalled within the first month (Brower et al., 2020) implying that most major applications

being developed might follow suit. This domain proposes the reimbursement of users through both
financial and non-financial rewards to ensure that every milestone is achieved. Incentivization is
defined as creating an expectation for reward and has proved to influence the behavior of using a

given intervention ((Michie et al., 2011). Incentivization can be both financial (monetary) and non-

financial (non-monetary) depending on the design of the project. Non-monetary incentives include
acknowledging the best users, and promotion of team-based performance offer a higher chance of

scalability compared to monetary incentives (Carmichael et al., 2019). A carrot reward application

aimed at rewarding users with loyalty points for downloading the application, referring friends to

download the app, and quiz completion resulted in higher engagement levels in Canada (Brower et
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al., 2020). In India, a non-monetary incentive intervention including monthly training of healthcare
workers and reciting the service pledge resulted in a significant increase in the frequency of antenatal

home visits among healthcare workers (Carmichael et al., 2019). Monetary incentives involve direct

financial reimbursements to participants upon reaching a certain milestone, these can be either
conditional or unconditional and these have shown to have a positive influence on specific health

behavior (Gardiner and Bryan, 2017). Therefore this domain suggests that the incorporation of

incentives could enhance the usability of the intervention among healthcare workers.

7.6.4. Domain 4: Legalize

Legalization is aimed at mandatory authorization to use the intervention for referring and following
up on referred patients. The domain is meant to address issues related to resistance to change and lack
of trust among physicians. The lack of legislation has been reported among the main reasons

healthcare workers do not use mobile applications (Zakerabasali et al., 2021). Therefore ensuring the

establishment of both organizational regulations regarding the use of the application and compulsory
government mandates on the adoption of the application may enhance usability. However legalization
may raise ethical questions for example in India, compulsory installation of a government-backed
mobile application for contact tracing during COVID-19 “Aarogya Setu” was made mandatory (Basu,
2021). Some people may be skeptical about the approach and raise questions about the privacy and
security of the collected data. However, in terms of public health emergencies, delays in
implementing readily available interventions may cause health and economic costs that would have
been avoided. Therefore despite the moral questions that may arise several justificatory conditions

(effectiveness, proportionality, necessity, least infringement, and public justification) have been

proposed by (Childress et al., 2002) to determine whether the implementation of health intervention
can override the existing ethical considerations. Although the mandatory installation of apps during

public health emergencies is justifiable, there is a need for efforts to ensure that confidence is instilled
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among users to be able to use the application (Basu, 2021). This domain suggests both organizational

legalization for ensuring that implementation is carried out and government legalization for ensuring

that organizations are using the intervention.

7.6.5. Domain 5: Integrate

This domain involves the integration of the developed system into the work routines within hospital
settings and workflows within an organization. When key stakeholders are trained about the
intervention and incentivized to utilize the intervention, it lays a foundation for integration within the
routine workflow of an organization. The legalization domain may play a key role in enabling
organizations to work towards implementing the intervention. Integration may involve linking the
system with the existing systems like the District Health Information Software (DHIS) or national
systems. The need for the development of standards for mobile applications to seamlessly be
integrated into Health Information Systems (HIS) has been noted as key in enabling healthcare
workers to use developed mobile apps for patient-centered care (Ventola et al 2014). Therefore this
domain suggests that sustainable usability of the intervention among healthcare workers can be

improved by integrating the application into the routine workflows of healthcare workers.

Putting all these factors into consideration, the TRILI framework should be a realistic and realizable
solution for the implementation deficit in the usability of a mobile application for following up

presumptive TB patients referred from private to public hospitals in Ugandan context.
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CHAPTER EIGHT: CONCLUSION AND RECOMMENDATIONS

8.1. Chapter overview

This chapter discusses the researcher’s conclusions, lessons learned from conducting the study,

theoretical, knowledge, and technical contributions of the thesis to the field of mHealth plus the

recommendations for future research, policy makers as well as other stakeholders involved in TB

care. The following section discusses the strengths and limitations of the study that readers should

bear in mind during the interpretation of these research findings.

8.2. Research Objectives Achievement

The main aim of this study was to enhance the following up of presumptive TB patients referred from

private to public hospitals through the MOHE framework. To realize this goal, four main objectives

were formulated to answer their respective questions. The summary of objectives and questions is

presented in the table 8.1 below

Table 8.1: Summary of research objectives and questions

# | Objective

Question

1 | To analyse the existing mHealth interventions
for PPM in order to identify their strengths and

weaknesses.

What are the existing mHealth
interventions for public private mix in TB

care and their strengths and weaknesses?

2 | To explore the barriers to and motivators of
private hospitals’ engagement in Tuberculosis

care and the potentials of mHealth technologies

What are the barriers and motivators to
private hospital engagement in TB care and

the potentials of mHealth technologies in
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in order to inform the design of a potential

mHealth intervention using CFIR framework

enhancing PPM among private healthcare

workers?

To develop a framework for designing a mobile
health application for following up presumptive
TB patients referred from private to public

hospitals.

How can a framework for designing a
mobile health application for following up
presumptive TB patients referred from

private to public hospitals be developed?

To assess the initial feasibility and acceptability
of the developed mobile health intervention for
following up presumptive Tuberculosis patients

referred from private to public hospitals using

What is the initial acceptability and
feasibility of a mobile health intervention
for following up presumptive TB patients

referred from private to public hospitals?

UTAUT model.

Research objective one

To achieve this objective, the investigator carried out a scoping review aimed at answering the
research question concerning “existing mHealth interventions for enhancing PPM, their strength, and
weakness”. The scoping review study identified nine studies where several mHealth technologies
were utilized in enhancing PPM in TB care was carried out. These technologies include mobile apps,
SMS reminders, and telephone calls for TB screening, case notification, supporting medication
adherence, patient follow-up, eLearning, and data management. Identifying these interventions was

proof that implementation of mHealth for enhancing PPM for TB care is possible.

Research objective two

After understanding the existing mHealth interventions for enhancing PPM in TB care globally, the

researcher dug deeper to understand the state of the art of barriers and motivators to private hospitals’
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engagement in TB care and the potential of mHealth in enhancing PPM in Uganda. This was aimed
at answering the question concerning “the barriers and motivators to private hospitals’ engagement
in TB care in Uganda” to understand how best a mHealth intervention can address the identified
barriers. Through a formative qualitative investigation, guided by the CFIR framework, the
investigator was able to identify key barriers including lack of mechanisms for following patients,
lack of accreditation from the Ugandan MOH, concerns of payment for services within private
hospitals, and motivators to private hospitals’ engagement in TB care. The identification of these
barriers and motivators was important in informing how a potential mHealth intervention can address
the identified barriers and ascertaining which facilitating conditions in the private sector may propel
the adoption of the developed intervention. From these barriers, it was noted that private hospitals in
Southwestern Uganda lack the capacity to fully treat and manage TB cases thus end up referring
presumptive TB patients. However, these facilities lack follow-up mechanisms for ascertaining that
the referred patient reached the place of referral. Through an investigation into perceptions of
healthcare workers towards enhancing PPM, it was noted that mHealth may offer a low-cost

alternative addressing some of these barriers.

Research Objective three

After understanding the existing mHealth interventions that have been utilized for enhancing PPM in
TB care, their strengths and weaknesses globally, and delving into barriers and motivators to private
hospitals’ engagement in TB care and the potentials of mHealth technologies in enhancing PPM for
TB care, the investigations laid their foundation and requirements for developing a mHealth
framework for following up the referred patients from private to public hospitals. The MOHE
framework composed of six modules was developed to guide the development of a mHealth

application for following up the referred presumptive TB patients from private to public hospitals.
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Subsequently, Tuuka mobile application was developed based on the modules of the MOHE

framework.

Research objective four

After developing Tuuka mobile application based on the MOHE framework, the investigator delved
deep to understand how acceptable and feasible the developed Tuuka mobile application would be
among healthcare workers. This objective was aimed at answering the question concerning “the initial
acceptability and feasibility of the developed mHealth intervention” from the mixed-methods
investigation, the app was highly acceptable and feasible among healthcare workers for its perceived
usefulness in reminding the referred patients to go to the place of referral, notifying healthcare
workers about the incoming referred presumptive patient, facilitate communication between health

facilities thus enhancing PPM for TB care.
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8.3.  Research Contribution

This section focuses on the research contributions of this dissertation. This section is divided into

three subsections describing contribution to theory, methodology and empiricism.

8.3.1. Knowledge contribution

Findings from the identification of mHealth interventions for PPM based on the scoping review
investigation conducted as part of this study revealed that the adoption and utilization of mHealth
technologies for PPM in African settings is still limited thus a need for status for studies that focus

on assessing the utilization of mHealth for PPM in Africa.

Barriers and motivators to private hospital’s engagement in TB care. This study offers a highlight
of barriers and motivators to private hospitals’ engagement in TB care in southwestern Uganda. The
identification of these barriers offers an understanding of potential requirements for MOHE

framework.

Potentials of mHealth technologies for enhancing PPM. This study also contributes to the body of
knowledge about the potential of mHealth technologies for enhancing PPM which assesses how

healthcare workers perceive the role of mHealth technologies in enhancing PPM for TB care.

Evaluation of the initial feasibility and acceptability of the developed mhealth intervention
among healthcare Workers. The researcher describes the acceptability and feasibility. The results
demonstrate that an mHealth application is feasible and acceptable for following up presumptive TB

patients referred from private to public hospitals.
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8.3.2. Technological Contribution

Mobile health application (Tuuka mobile application) developed based on the MOHE
framework modules. The app is the component of MOHE framework developed based on the
MOHE framework and it contribute to the growing body of literature of designing mobile apps based

on a software framework.

8.3.3. Theoretical contribution

A Mobile Health (MOHE) framework for following up the referred presumptive TB patient
from private to public hospitals. This study proposed and presents the MOHE framework. Thus
study contributes to the growing body of literature of designing frameworks for guiding the design of

mHealth interventions for TB care.

Train, restructure, incentivize, legalize, and integrate (TRILI) policy framework for
implementing the developed Tuuka Mobile application. The study therefore adds to the body of
knowledge by highlighting the potential TRILI policy framework if applied in similar settings, could

enhance the following up of the referred presumptive TB patients from private to public hospitals

8.4.Strengths of the Study

This study has several strengths, first, it identifies key insights about the existing mhealth
technologies for enhancing PPM, their strength and weakness, documents the barriers to and
motivators of private hospital’s engagement in TB care, and explores healthcare workers’ perceptions
of mHealth technologies in fostering public-private mix for Tuberculosis care which provides a
ground for evidence based development and implementation of future interventions that address the

identified barriers faced in the private hospitals in similar settings.
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The second strength of this study is that it was guided by the principles of implementation science
which include evidence-practice gap identification, conducting formative research, and analysis of

data based on a validated theoretical framework — CFIR Framework.

Thirdly, to the best of the investigator’s knowledge, this study is the first to report pre-intervention
perceptions of healthcare workers from the private hospitals about the potential of mHealth
technologies for fostering PPM in TB care which helps in understanding the optimal design of future

mHealth interventions to facilitate sustainable PPM in TB care

The study proposes the MOHE framework an application software framework for the design of an
mHealth application for linking and following up presumptive TB patients referred from private

hospitals to public hospitals.

This study is grounded in a well-known technology acceptance and usability theory—the UTAUT
model for assessing the acceptability and feasibility of the developed mHealth intervention. This
study offers perspectives from both private and public healthcare workers about an mHealth

intervention.

The study proposes the TRILI policy framework which presents various constructs that can help
realize successful implementation of mobile interventions for following the referred patients from

private to public hospitals in Uganda.

8.5. Limitations of the Study

Nevertheless, this investigation is not without limitations. First, the scoping review investigation
carried out in this study, focused on mHealth interventions implemented in PPM settings. Therefore,
mHealth interventions for TB care implemented exclusively in public sector settings were not

included which might have changed the findings. Secondly, despite the broad search by the
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investigator, only nine studies were selected for the scoping review. Therefore, the interpretation of
the study findings should be done in this regard. The scoping review only included studies published
in English because it’s the only International language that the investigator understands, which
implies that some relevant studies published in languages other than English were missed which could
have limited the search thus a need for future researchers to consider the involvement of additional

languages.

The study documents the perceptions of frontline healthcare workers with experience in TB care
practices. Whereas this enabled us to get relevant information about the practical barriers and
motivators specific to TB care, the experiences of the frontline staff might not effectively represent
those of other key stakeholders such as TB patients, other healthcare workers without experience in
TB care, and healthcare administrators. These stakeholders could potentially have highlighted

structural/contextual/logistical barriers that could have been missed by these frontline practitioners.

A purposive sampling approach for recruiting the respondents was utilized, which has the potential
for selection bias. In addition, the sample size was small which limits the ability for generalizing the
study findings among the healthcare workers in similar circumstances. This study was conducted in
Mbarara City, an urban setting; these findings may not be generalizable in other settings like rural

areas, where there might be considerable differences in implementation and practice.

This study didn’t assess the preliminary impact of the developed intervention which makes it difficult
to ascertain the effectiveness of the intervention. There is a need to determine whether a mobile
application is effective in following up the referred patients. A pilot randomized control trial of the
Tuuka mobile application is underway to help define the acceptability and efficacy of the developed

intervention.
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The study did not explore patients’ perceptions towards the utilization of the developed mHealth app
yet they are the key players and beneficiaries in this framework. It should be noted that there could
be other factors like patient counseling and the role of treatment supporters that could influence
patients to reach the places of referral (public facility) despite being referred, however, this study

didn’t explore these factors which could influence the usability of the intervention.

Although our study based on healthcare workers (doctors, nurses and laboratory technicians) to test
the developed Tuuka application since they are the main users of the developed Tuuka application,
involving the external experts to walk through the solution and provide their opinion, would have
increased the confidence in the developed solution. Whereas to the best of our knowledge, our study
utilised a user centered approach which involves system users in the intervention development, testing
and refinement, including system experts in future studies by developers can enhance the

development of systems that can be trusted.

8.6.  Implications for Practice and Research

The engagement of private hospitals in Uganda is still limited and requires concerted efforts to ensure
successful health outcomes. To enhance private hospitals’ engagement in TB care, there is a need for
(1) official partnerships between the private and government hospitals, (2) Accreditation, (3)
establishment of patient follow-up mechanisms, and (4) training and education. Government
accreditation of private hospitals formalizes their eligibility to provide TB services. Second, mHealth
technologies can be utilized to follow up patients after they have been referred from private to public
hospitals. This can potentially reduce the number of patients who get lost to follow-up along the
referral pathway. Training and educating private healthcare workers in TB care equips them with the

necessary skills in screening, diagnosis, and management, which could improve the quality of care.
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The utilization of mHealth in TB care among private hospitals in Uganda is lacking. This limits the
realization of mHealth benefits in the achievement of better TB treatment outcomes and the
realization of PPM. Findings from this research imply that mHealth has the potential to revolutionize
TB care by establishing a centralized pathway for linking the referred patients from private to public
hospitals and ensuring that they are not lost along the TB care pathway, have been diagnosed, and
started on medication. This study implies that mHealth can be a cost-effective solution for enhancing
the full integration and engagement of the private healthcare facilities in TB care thus the achievement

of PPM.

The implementation of the mHealth interventions requires training of users to equip them with skills
to enable intervention acceptability and usability. mHealth interventions that entirely rely on the
internet to operate, require stable internet connections to ensure thorough operability. Standalone
applications that do not require the internet to operate can offer better alternatives. mHealth
interventions should at all costs remove the cost burden from the users if the successful

implementation is to be ensured.

The Private hospitals, policymakers, researchers, and developers need to bear in mind that the
utilization of mHealth technologies not only improves the quality of care among the presumptive TB
patients but also could enhance better treatment outcomes like early diagnosis and drug initiation thus

limiting the risk of infection at both the community and household level.
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8.7.  Future Research

Since this study highlights responses from healthcare workers (doctors and nurses), views from
patients, administrators, and the MOH could not be investigated. Future studies should explore
patients’ perceptions of receiving TB care from private hospitals and other stakeholders to understand
their opinions. Although the formative qualitative investigation used the CFIR for analysis, findings
from this study suggest an exploration of the substantial role of structural/contextual factors and how
these factors interact with the inner settings, outer settings, and the process of engaging private

hospitals in TB care.

Future research efforts to this work will focus on incorporating a financial incentives component/ a
rewards feature for both the private and public healthcare workers to enable sustained use. This can
be achieved through incorporating an algorithm that is linked to mobile money accounts of the users
that upon notifying a single case by the private healthcare workers and receiving a referred
presumptive TB patient at the public hospital, the system shall automatically credit a certain amount
(financial incentive) to the healthcare workers’ mobile money accounts. This will ensure sustained
efforts in notifying presumptive TB cases since healthcare workers will be reimbursed therefore this

might result in high usability of the developed mHealth interventions.

Future research efforts should consider utilizing Tuuka app in following up and linking patients
referred from lower-level public health facilities like Health center twos and threes to high-level
public facilities like Health center fours and referral hospitals and smaller clinics if results are to be
realized and also assess the impact of the developed mHealth intervention on following up patients

to assess its effectiveness in enhancing PPM.

The TRILI framework is recommended as a viable practical policy framework for implementing a

mobile application for following up presumptive TB patients from private and public hospitals in
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Uganda due to its superiority in terms of local contextualization and consideration of healthcare
workers' needs. This thesis recommends future work efforts in assessing the effectiveness of these

particular domains in implementing the developed application.

There is a need for enforcement and strict adherence to the Ugandan MOH screening guidelines

among private hospitals to ensure that none of the patients are missed.

8.8. Conclusion

This thesis has explored the existing mHealth interventions for PPM, the barriers, and motivators for
private hospitals’ engagement in TB care, healthcare worker’s perceptions of mHealth technologies
in fostering PPM, the process of designing a framework for following up presumptive TB patients
referred from private to public hospitals and the initial acceptability and feasibility of the mHealth

intervention developed based on the MOHE framework.

The study affirms that several mHealth interventions (Mobile apps, SMS reminders, Telephone calls)
have been utilized to enhance PPM in TB care for TB screening and notifying cases, patients’ referral
and follow up, monitoring TB medication adherence, data management, and educating clinicians
about TB. Our findings reveal that mHealth could offer an alternative approach for health services

utilization, especially in settings where face-to-face approaches are difficult.

Identifying barriers and motivators to the engagement of private hospitals in TB care in southwestern
Uganda was key in informing the development of the MOHE framework and its m-Health
intervention to address the identified barriers. The engagement of private hospitals in TB care requires
official partnerships between the public and private hospitals and commitment from key stakeholders
supplemented with the organizational shared beliefs towards change (change efficacy) towards

implementing this change.
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Findings from this study revealed that mHealth technologies could provide acceptable and feasible
approaches to map and link TB patients to the referral units, enhance patient care and medication
adherence and notify TB cases. Understanding how mHealth technologies are perceived by private
healthcare workers is key in informing the development of interventions that are acceptable and

feasible and effective in enhancing the engagement of private hospitals in TB care

The underlying technological development used to develop the MOHE framework and Tuuka mobile
application can be expanded in other infectious diseases like Coronavirus (COVID-19) since the
process automates the process of public-private referrals which offers insights to develop similar
interventions in other settings. The developed application based on the MOHE framework has the
potential to remind patients to go to referral, notify healthcare workers at the place of referral, and

facilitate communication between facilities thus enhancing PPM

Regarding the initial acceptability and feasibility of the developed intervention, this study showed
that the developed mHealth application “Tuuka” based on the MOHE framework is acceptable and
feasible for following up the referred presumptive TB patients referred from private to public
hospitals in southwestern Uganda. Identifying the initial acceptability and feasibility offers a ground
for implementation of the Tuuka mobile application on a larger scale and calls for assessing the

effectiveness of the developed application in following up the referred patients.

The implementation of mHealth interventions in private hospital settings requires the establishment
of organizational policies regarding the streamlining of referrals from private to public hospitals to
refer any presumptive patient per the Ugandan MOH TB screening guidelines. This study found that
the designing of mHealth interventions for Healthcare workers must be done with caution due to the
nature of their work therefore the integration of these interventions in the routine work of healthcare

workers must be carefully planned through designing a simpler intervention, incentivizing them in
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monetary terms to motivate usability or hiring new staff specifically for operating the interventions

if the required results are to be achieved.

Compared to prevailing studies, this study contributes to the body of literature in five major aspects

e This is the first study to analyze the existing mHealth interventions for PPM for TB care, and
their strengths and weaknesses.

o ltis the first study to explore the barriers to and motivators for private hospitals' engagement
in TB care in Uganda

« This study is the first to investigate healthcare workers’ perceptions of mHealth technologies
in fostering public-private mix for Tuberculosis care in Uganda

e This is the first study that presents a framework for guiding the development of a mobile
application for following up the referred presumptive TB patients

o Lastly, this study is the first to highlight the initial acceptability and feasibility of mobile
applications for following up the referred presumptive TB patients from private to public

hospitals.
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Appendix 1: Health Care workers Engagement survey (Key Informant survey).

Study title: A Mobile health Framework for Public Private Mix in Tuberculosis prevention and Care.

Study Objective: To explore the barriers and motivators to private hospitals engagement in TB care

among private healthcare workers with particular focus on understanding the current referral systems

in Uganda.

My name is Wilson Tumuhimbise, a PhD student of Mbarara University of Science and Technology,

REG NO, 2018/PhD/030/PS. I am carrying out a study entitled “A Mobile health Framework for

Public Private Mix in Tuberculosis prevention and Care”. Mobile health (mHealth) is defined as the

use of mobile and wireless technologies to achieve health objectives and this study is about exploring

the challenges faced by the private hospitals in supporting TB patients and how mobile health and

how mHealth can help address the identified challenges and also assessing the readiness of using

mHealth among healthcare workers. Participation is voluntary, filling this questionnaire will only

take you 15 to 20 minutes. The response you give will be treated with utmost privacy.

Circle the Alternative of your choice.

PART A: SOCIAL DEMOGRAPHIC DATA

Participant No........ (For the researcher)

1. DateofBirth || |

2. Gender MALE [_|] FEMALE [ ]

3. Marital Status: Married [_] Single [ ]

4. Name of the Health

Facility:

5. Type of the Facility: Private for Profit [_]

Faith based [ ] Private Not for Profit [_]

6. Highest level of education achieved:

198




Certificate [_] Diploma [_] Degree [ ]

Masters [ | PhD [ ]

7. Designation: Nurse [_] Doctor [ ] Lab

Technician [ ] Pharmacist [ ] Other

8. Number of years of practice

<1[]1-3[]4-5[]>5[]

9. What do you do when you have a suspected TB patient?

a) Diagnose then refer [ ]
b) Diagnose and Manage [ ]

c) Refer ]

10. If you refer TB patients, where do you refer them?

1 Another private clinic/Hospital ]

2 Public hospital facility ]

If Public, which level

1 Level 2 (HC2) []

2 Level 3 (HC3) [ ]

3 Level 4 (HC4) []

4 Referral []

11.  Which methods do you use to refer a suspected TB case?
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0= No 1=Yes

a) Mouth to mouth [] []
b) Referral note [] []
c) Text Messages [] []
d) None of the above [ ] []

12. Which mechanisms do you have in place for tracking TB patients referred to public hospital?

13. What challenges do you face in following up patients referred to the public hospital?

14. a) Do you think a mobile Health app may have a role in tracking patients referred from private
to public hospitals?
1 Yes[ ]

2 Nol[]
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b) If Yes, why do you a think a mobile health app would be helpful in tracking presumptive

TB cases? (tick all that applies)

1 Time saving

2 Less costly

3 Ensures that the patient reaches the referral unit
4 Ensures that no patient is lost to contact

5 Ensures early anti TB drug initiation

O 0O 0O oddd

6 Eliminates diagnostic delays

c) If No, What are the reasons

d) If Yes, which of these would you consider right in regard to the use of mobile health in your way of working?

201



1= Strongly Disagree 2= Disagree, 3= Not Sure, 4= Agree, 5= Strongly |1 |2 |3 |4 |5

Agree

Helping me make quicker medical decisions

Help me communicate with other healthcare workers about TB disease

Enhance patient follow up

Facilitate partnership with other health institutions

Quick TB case notification

Quick and efficient referral system

Real-time Consultation with other healthcare workers about the disease

a) Which Other ways do you think mobile health would be helpful

15. What challenges are faced by private hospitals in supporting TB patients?

Thank you for your response and time
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Appendix 2: Interview Guide for Private healthcare workers (Key Informant).

Study Title: A Mobile health Framework for Public Private Mix in Tuberculosis prevention and

Care.

Study objective: To explore the barriers and motivators for private hospitals engagement in TB

disease management and how Mobile health can address these challenges.

TB disease management

e Tell me your experience with TB cases
e What happens when you receive a TB case at the hospital?
o Probe: Manage vs Referral
o What are the reasons for the above?
= |f referral, what are the reasons for not managing the TB patients?
= If manage, what challenges do you normally face in supporting TB disease
management?
Probe: Lack of Support from the government
= Lack of drugs
= Costs related to TB treatment
= Lack of diagnostic skills
= Adequate tools for disease management
= Medication adherence related challenges (Implementation of DOT at
a clinic level)
e (Probe for: How these challenges affect private practitioners’

support for TB/HIV patients?)
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e Why are the private practitioners not engaged in the
management of TB case in Uganda?

o Reporting

Partnership

How can the public/ government sector work together with the private hospitals to enhance TB

treatment services?

Probe for: drug subsidization, Established referral systems, contracting etc.

o What best ways or approaches do you feel the public and private hospitals should use
or be involved in to support TB patients?

e What are the anticipated benefits of ensuring partnership between the public and
private hospitals in TB care? Probe for impact on: TB disease management,
medication adherence, case notifications and referrals

e What challenges do you anticipate in private hospitals partnering with the government

in supporting TB patients?

Mobile health

How can mobile phone technology be used to enhance the public private engagement in supporting

TB treatment? (Probe for Potential advantages and challenges).

e Probe for influence on: Linking and connectivity, Quick access to information
about TB drugs, Partnering/Information sharing, Case notification and
Patient Referrals, Ease in Bureaucratic process, Policy formulation

e Probe for Challenges on

I.  Senior/ administrative buy in, Time and resource, Staff commitment.
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How do you feel about the use of mobile phone/ Mobile phone technology to support TB treatment

(Potential advantages and challenges?)

e Probe for influence on:
e Smart phone usage: monitoring, app usage experience
e Attitudes towards using mobile health for engaging
e Adoption

e Level of interactivity
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Appendix 3: INTERVIEW GUIDE for assessing acceptability

Objective: To assess the initial acceptability and feasibility of using mobile health for tracking TB

patients referred from private to public hospitals.

Performance Expectancy.

1. How are you doing today?

2. Tell me about your experience with using a mobile phone based application for tracking TB
patients referred from private to public hospital? Probe More Is it easy or difficult to use, is it
flexible? Can you use it any time you want?

3. Tell me about your experience with using a mobile phone based application for TB care that you
received. (Referral, notification and identification, linking to different health Centers).

4. In what ways was it easy/hard to learn to use the mobile phone based application?

5. How did it help you in caring for TB patients? What do you like/ dislike about it?

6. What challenges have you encountered in using this application? (probe for: app failure, network
connectivity, convenience)

7. How do you feel about the usage of mobile health for tracking TB patients referred from private
to public hospitals?

8. How do you compare the use of a mobile phone based app for tracking TB patients referred with
other traditional means (e.g. Referral notes)

9. What do others (family members, friends, and people around you) think about your usage of mobile
health for tracking TB patients referred from private to public hospital? Do they understand it?
What is their reaction when they see you use that application for TB disease management?

10. Any questions for me?

11. Thank you for your response and thank you for being part of the study and interview.
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The System Usability Scale for assessing acceptability of using the

intervention

1 1 think that | would like to
use this app frequently

2 | found the app
unnecessarily
complex

3 | thought the app was easy
to use

4 1think that | would need the
support of a technical
person to be able to use this

app

5 1 found the various
functions in this app were
well integrated

6 | thought there was too
much
inconsistency in this app

7 1 would imagine that most
people would learn to use
this app very quickly

8 | found the app very
cumbersome to use

9 felt very confident using the
app

Strongly Strongly agree
Disagree

1 2 4 5
1 2 4 5
1 2 4 5
1 2 4 5
1 2 4 5
1 2 4 5
1 2 4 5
1 2 4 5
1 2 4 5
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10

| needed to learn a lot of
things before 1 could get
going

with this app
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In any correspondence on

This subject please quote ref: No......ooveeieinnnn

August 14, 2020

Mr. Wilson Tumuhimbise

2018/PhD/030/PS

Faculty of Computing and Informatics

Mbarara University of Science and Technology

Re: Approval of Protocol on “A Mobile Health Framework to Enhance Public-Private
Mix for Tuberculosis Prevention and Care in Uganda.”

Mbarara Regional Referral Hospital has received and reviewed your proposal referenced
above and hereby grants approval to conduct this study. This approval covers the
proposal and the accompanying documents listed below:

Consent Form (in English and Runyankore)

Health Care Workers Engagement Survey (Key Informant Survey)
Interview Guide for Health Care Workers (Key Informant)
Referred Patients Survey

This approval is subjected to the following conditions:

1. That you will abide by the regulations governing research in the country as set by
the Uganda National Council for Science and Technology.

2. That any changes to the protocol and study documents that you may find
necessary to make will be reviewed and approved by relevant authorities.

3. That the conduct of your study shall be monitored by the Mbarara Regional
Referral Hospital supervisors in the relevant departments/units.

4. That you provide a copy of the final document upon completion of the study,
including a summary of the results and any publications to Mbarara Regional
Referral Hospital.

5. That you will include Mbarara Regional Referral Hospital in your
acknowledgements in all your publications.

My best wishes to you.
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é‘\”& MAYANJA MEMORIAL HOSPITAL LTD.
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% Contrast Studies, Renal Dialysis Surgical. Primary Health Care and Medical Research™
g, T Plot 175 Masaka Rd.Nyamityobora. P.O. Box 920, Tel.0779219722, 0200923475,0714930500

26™ September 2020
The Executive Secretary
Uganda National Council Of Science and Technology
P.O Box 6884
Kampala, Uganda

Dear Sir

Re: Administrative Clearance for Mr. Tumuhimbise Wilson, 2018/PhD/030/PS to carry out
research at Mayanja Memorial Hospital.

This letter serves as a proof of administrative clearance for Mr. Tumuhimbise Wilson a second
year PhD student at Mbarara University of Science and Technology- MUST, investigating a
study entitled “4 mobile health framework to enhance public private mix for Tuberculosis
prevention and care in Uganda” to conduct research at Mayanja Memorial Hospital. His study
was cleared by Mbarara University Research Ethics Committee (MUREC) Protocol No: 32/03-
20 and we believe the results from his research will be a great contribution to the academic

world.

My best wishes to you

ADMINISTRATOR
208
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Sincerely

= Mayanja Memorial Hospital
Mr. Alex Kakama *.0. Box 920, Mblrg:aa i

Hospital Administrator- Mayanja Memorial Hospital,
alexkakama@gmail.com

Tel: 0754889788.
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Friends of Jesus Christ

24" June 2020

The Executive Secretary
UNCST
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Kampala, Uganda

Dear Sir,

Re: Administrative Clearance for Mr. Tumuhimbise Wilson, 2018/PhD/030/PS to
carry out research at Divine Mercy Hospital

This letter serves as a proof of administrative clearance for Mr. Tumuhimbise Wilson a
second year PhD student at Mbarara University of Science and Technology- MUST,
investigating a study entited “A mobile health framework to enhance public private
mix for Tuberculosis prevention and care in Ugandal to conduct research at Divine
Mercy Hospital- Father Bash Foundation. His study was cleared by Mbarara University
Research Ethics Committee (MUREC) Protocol No: 32/03-20 and we believe the results
from his research will be a great contribution to the academic world

Medical Director- Divine spital - Father Bash Foundation
gmugyenyi@must.ac.ug
Mobile Tel: 0772 543238.

FRIENDS OF JESUS CHRIST FOUNDATION, GRATITUDE IS THE MEMORY OF THE HEART
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MRisTs wiss P.0.Box 14 MBARARA (U) Tel: Gen: 0485 443999 Ms: 0775 979307, 0382 274052, Email: ruharomission@yahoo.co.uk
October 13", 2020
@ Mr. Tumuhimbitse Wilson,
\K Principal Investigator
For people Dear Wilson,
with disabilities
i ontecnd AUTHORIZATION TO CONDUCT RESEARCH AT RUHARO MISSION
nobets HOSPITAL
Uganda
Fax (256) 0485 428818 Christian greetings!
E-mait ours@utionbine co.ug

Reference is made to your request to conduct a research titled ‘A mobile health
framework for public-private mix in tuberculosis prevention and care in Uganda’® at
this hospital.

Please be informed that following your interface with the hospital Research and
Publications Committee, your study was reviewed and duly approved.

By way of this communication, your research team is therefore granted permission to
access the facility and conduct this study as requested.

Sincerely, RO MiIssioN HOSPITAL |
o |

). Box 14, MBARARA

p
| r.L

\(\054‘73’“.

|
Mrs. Nabaasa Stefta Businghd 0CT 2020
Ag. Medical Superinténdént

i

v

F

ECUTIVE y
Copy; ) ’~~~i—lly”~”—’“£fﬁb

e Chairperson, Research and Publications Committee
e Tofile

P.O. Box 14 Mbarara, Uganda
Tel: +256 485 444179

Fax: +256 485 420502
E-mail:ruharo@yahoo.com

CONTINUING CHRIST'S MISSION: “I CAME THAT THEY MAY HAVE LIFE” John:10:10
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247 June 2020

The Exacutive Director
Uganda Mational Councll of
Sglence and Technology
P.D Box 6664

Kampala, Uganda

Dear Sir

Re: Approval of Protecol on 3 Meblls Haalth Framework fo enhance public private mix for
Tubarculeels prevention and cars

This letier serves as a prool of administrabive clearance for Mr. Tumuhimibiss Wison, 3 second
year PhiD stdent at Moarara University of Science and Technology- MUST. He Is canying out
research on a Moblle Healh Framework to enhance publlc private mix for Tuberculosts prevention
and care at Homely Medical Center.

His study was approved by Mbarara Unieersity of Science and Technology Research Ethics
Commifitee, Profocol Mo: 32/03-20. We belleve that the results from his ressanch will greatly
cormrioute to the academic workd

Looking foraard to your much needed support to Witkson Tumuhimbise’s application.

Shncersly

Dr. Josaph Mgonzl, Ph
Hospital Directar- Homely Madical Canter

Emall: [ngonzidmest 3o ug. Tel0703818335
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