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Executive summary

Background

Treatment success for drug-sensitive Tuberculosis (DS-TB) is defined
as either those People With TB (PWTB) who have been cured or who
have completed six months of treatment. The WHO recommended
target level for treatment success is 90% while that of South Africa
remains concerning at 79% for new and relapse cases registered in
2021. Some reasons for the low treatment success rates could be due
to death, treatment failure, loss to follow-up (LTFU) or unevaluated
treatment outcomes. Although public health facilities have strategies in
place to improve adherence such as the Directly Observed Treatment
Short Course (DOTYS), treatment failure among PWTB still persists as
a result of treatment interruptions. Non-adherence to treatment often
leads to the development of drug resistant TB or a relapse in drug
sensitive TB that are often difficult to treat requiring costly and toxic
regimens creating further challenges to adherence. To accurately
monitor TB treatment adherence new innovative methods in the form
of digital adherence technologies (DATs) such as 99 DOTs, video DOT
(VOT), ingestible sensors and electronic pill boxes have been
introduced. Comprehensive evidence on the implications of DATs on a
large scale is essential yet scarce. This evidence will guide policy
decisions on which DAT to prioritize for successful large-scale
implementation. Within the TB Monitoring and Adherence Endpoints
pragmatic cluster-randomised trial, we evaluated an adherence
monitoring and support system involving the Wisepill eviiMED 1000
device (medication monitor) to inform a Differentiated Care Approach
involving text messages, phone calls and home visits in three provinces
of South Africa.

Overall Aim

To determine the feasibility, acceptability and cost-effectiveness as
elements that are necessary for the successful implementation and
policy buy-in of the adherence monitoring and support system.

Objectives

1.To describe the feasibility of implementing Wisepill evriMED device
and differentiated care from a stakeholder perspective

2.To describe the acceptability of implementing Wisepill eviiMED
device and differentiated care from a PWTB perspective

3.To evaluate the cost-effectiveness of the intervention from a societal
perspective




Methods

Feasibility:

Feasibility of the intervention was explored using a guide with seven
stakeholders from the Department of Health and 18 research assistants
and facility staff. The sample size was selected on the basis of
obtaining a representative sample while also considering saturation
where themes usually start to converge after 15 interviews.

Acceptability:

We conducted 87 in-depth interviews with PWTB in local languages
across three provinces. Interviews were audio recorded, transcribed
verbatim and translated. Saturation was assessed during data collection
and thematic analysis was used.

Cost-effectiveness:

We conducted a cost-effectiveness analysis from a societal perspective
at one intervention and one control clinic per province (June 2019-
August 2020). Provider costs were collected using a bottom-up
activity-based costing approach involving time and motion studies.
People with TB (PWTB) were interviewed on costs related to
accessing the intervention. Adherence was measured using patients
>80% adherence overall. Unit costs were calculated as cost per patient
treated for TB while incremental cost-effectiveness ratio (ICER) was
calculated as cost per additional adherent PWTB.

Results

Feasibility:

PWTB appreciated being able to safely store their medication in the
device. The reminders were helpful, although the features of the device
such as the size, alarm and flashing lights created stigma as it was
difficult to take treatment discreetly; especially for those who had not
disclosed their TB diagnosis. Stakeholders were supportive of the
intervention being integrated into the TB programme and were eager to
be trained on the device as it helped monitor treatment adherence.
However, there was distrust amongst stakeholders about pill intake
even when device was opened, and device set-up was considered time
consuming.




Acceptability:

PWTRB attributed low value to sms but appreciated phone calls and had
mixed views about home visits due to stigma. Stakeholders did not
perceive any stigma created by the device but felt awareness on use of
the device could be improved.

Cost-effectiveness:

The cost of achieving an additional adherent PWTB was estimated at
$166.33. The sensitivity analysis showed that when each monitor is re-
used for at least three times this reduces the health system cost from a
range of $37.99 - $57.42 down to $21.73 - $41.17. Other ways of
reducing health systems costs include negotiating a lower cost for the
monitors with manufacturers and combined platform hosting for all
DS-TB, DR-TB and TPT clients. DATs allows fewer clinic visits which
reduces patients’ productivity losses from missed work and non-
medical costs such as transport.

Conclusions

Achieving people-centred TB care, including the introduction of DATS,
will require that TB programmes incorporate patient insights to
maximize their adoption and effectiveness. Medication monitors and
DCA can be considered a cost-effective option for scale-up if we can
reduce both health system costs and patient costs.
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CHAPTER 1: BACKGROUND

1.1 Tuberculosis incidence, mortality and catastrophic costs
Tuberculosis (TB) is a widespread health problem where the global incidence in 2023 was
reported at 133 per 100 000 population while the African region had an estimate of 208
per 100,000 [1]. South Africa (SA) reported a much higher incidence than both the global
and the African region at 468 per 100 000 [1] while the prevalence was reported as 852
cases per 100 000 according to the national Prevalence survey [2]. Failure to address the
TB epidemic leads to a catastrophic loss of lives and also catastrophic costs to People
With TB (PWTB) and their households due to illness [3]. In SA, the TB mortality rate
currently stands at 39 per 100,000 (as compared to the global rate at 14 per 100,000
amongst Human Immunodeficiency Virus (HIV) negative individuals), and 52 per
100,000 as compared to the global rate at 2.1 per 100,000 amongst those who are HIV
positive [1]. According to the national TB Prevalence survey (2017-2019) conducted in
SA, the prevalence was highest in people aged 35—44 years and those aged 65 years or
older while the estimated prevalence was approximately 1-6 times higher in men than in
women [2]. Figure 1 below shows the targets for the WHO END TB strategy and we see

that globally the world (including SA) has fallen short of meeting the 2025 milestones

[1].
PERCENTAGE OF
TB INCIDENCE RATE NUMBER OF TB DEATHS PEOPLEWITHTB FACING
CATASTROPHIC TOTAL COSTS®
Milesto% Milestone: T .
0 0 Milestone: 0,

50% |\ &% 75% \.}.9..../9. ........ Zero §3%%. ..
reduction reduction reduction reduction of people withTB

2015-2025 2015-2022 2015-2025 2015-2022 in 2025 face catastrophic
total costs

Figure 1: WHO END TB Strategy: 2025 milestones (source: Global TB report 2023)
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There is an urgent need to identify those who are infected with TB and to provide
treatment to them as a means of saving lives and halting the transmission of TB. The
World Health Organization (WHO) has recommended treatment guidelines where people
with TB (PWTB) adhere to a six month regimen and on completion are classified as

either treatment success or treatment failure [4].

1.2 Gaps in the TB care cascade
The TB care cascade is made up of a series of steps which include the proportion of
people who are tested from the general population, those who then receive a diagnosis,
those PWTB who are initiated onto TB treatment and finally those who complete
treatment [5]. At every step of the way there are significant drop-offs or gaps which need
to be addressed using various strategies if the overall goal of halting TB transmission is to
be achieved. Improving adherence to TB treatment is a strategy that seeks to address the
last gap in the TB care cascade. However, there are various barriers that prevent this last

but very important gap from being closed.

1.3 TB treatment success in South Africa
Treatment success for drug-sensitive Tuberculosis (DS-TB) is defined as either those
PWTB who have been cured or who have completed six months of treatment. Cure is
defined as confirmed smear negative or culture negative in the last month of treatment
and on at least one previous occasion [4]. The WHO recommended target level for
treatment success is 90% while that of South Africa remains concerning at 79% for new
and relapse cases registered in 2021 [1]. The treatment success rate for those who are HIV
positive with TB in 2021 stood at 79% while those previously treated with TB the
treatment success rate was 60% [1]. A study done in SA by Naidoo et al, using the overall

cases estimated in the country showed an overall treatment success rate of 54%, due to
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the large proportion of patients never starting treatment [5]. Some reasons for the low
treatment success rates could be due to death, loss to follow-up (LTFU), unevaluated
treatment outcomes or treatment failure which is defined as , smear- or culture-positivity

at the fifth month or later (or detection of multi-drug resistant TB at any point)[4] [6].

1.4 Barriers to completing TB treatment
Treatment failure among PWTB still persists as a result of treatment interruptions,
although public health facilities have tried to implement strategies to improve adherence,
such as the Directly Observed Treatment Short Course (DOTS) [7]. One study has shown
that the possible reasons for non-adherence include: PWTB thinking that they are cured
once they feel better; stigma; forgetting to take medication due to substance use; lack of
support from friends and family; distance from clinics; lack of counselling; and poor
relationships between PWTB and the healthcare workers (HCWs) [8]. Non-adherence to
treatment increases the development of drug resistant TB [9] or a relapse in drug sensitive
TB [10, 11] that are often difficult to treat requiring costly and toxic regimens creating

further challenges to adherence [12].

1.5 Strategies to improve adherence to TB treatment
DOTs is highly resource intensive and is also not implemented at a national scale which
limits its optimal use [7]. Two approaches have also been used for decades in SA to
measure adherence: pill counts and self-report [13]. Pill count involves recording the
number of pills distributed at each clinic visit and those remaining at the return visit while
self-report requires the PWTB to state the missed doses to the HCW [13]. Despite the
long existence of these approaches, a gap still remains in the accuracy of reporting
adherence for reasons such as recall bias and social desirability [13, 14] which brings

about the need for an improved method of accurately measuring adherence. Furthermore,
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these approaches can only be conducted at a clinic or home visit hence they cannot

monitor adherence in real time [13].

1.6 Use of technology to improve treatment adherence
One way of overcoming challenges to monitoring TB treatment adherence has been the
introduction of innovative methods in the form of digital adherence technologies (DATs),
which can be operated remotely and do not require in person clinic visits. Remote
monitoring of treatment adherence was found to be useful during the COVID-19

pandemic where physical contact was not encouraged.

A DAT known as 99 DOTs requires a PWTB to call a hidden phone number within the
blister pack to indicate when a dose is taken [15]. 99 DOTS has the potential to reduce
stigma due to its discreet nature. Still, it is limited in its ability to accurately report if a
dose was taken, as the PWTB may dial the number without actually taking any
medication [15, 16]. This challenge has been overcome by DATs methods like Video DOT
(VOT) which allow HCWs to watch the PWTB taking treatment over video-conferencing
hence it is considered a more accurate method to ensure that PWTB adheres to treatment
[17]. In addition, VOT can be a source of support to those who lack family and friends to
support them during their TB illness [18]. However, VOT requires a smartphone, data
plan and sufficient bandwidth making it a less affordable method in low- and middle-

income countries such as SA [17].

Ingestible sensors are another DAT method that may be more accurate in reporting
adherence. Here a hidden microchip is placed within the TB pill that once swallowed will

send a signal to an adherence monitor worn by the PWTB and then to a server monitored
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by the HCW [15]. One limitation of ingestible sensors is that a PWTB may still forget to
take their medication since this DAT does not come with reminders. A PWTB would then
have to rely on an alternative DAT to remind them to take their medication making it a

costly method.

An advantage of electronic pill boxes is that they could be less resource intensive by not
requiring direct patient contact, and they allow for monitoring of dosing patterns of
PWTB in real time from a central location. In addition, they remind PWTB to take their
medication through the use of alarms and lights [15]. These reminders are especially
useful for those PWTB who do not have adequate social support. Electronic pill boxes
may allow for health system resources to be utilized more efficiently as only those who
miss their doses would be targeted for follow-up and could be provided with specific care

packages based on their needs i.e. differentiated care.

One disadvantage that can be anticipated with electronic pill boxes is that they are often
bulky in size and have a loud alarm which may lead to unintentional disclosure of TB
status thus interfering with adherence [19]. However, one study done in KwaZulu-Natal,
SA showed that use of electronic pill boxes did not cause stigma or compromise
confidentiality since pills were concealed [20]. Moreover, PWTB perceived HCWs as
being supportive when their dose taking was remotely monitored [20]. Another
disadvantage of electronic pill boxes is that the PWTB may open and close their monitor
without swallowing their pills. Nonetheless, some studies have shown that there is a high

correlation between pill box openings and treatment outcomes [19].
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DAT methods each have their strengths and weaknesses and the selection of the
appropriate DATs will depend on its technical capabilities and various other factors.
These factors include how well the DAT can reduce stigma through addressing any
privacy concerns, and how acceptable, usable and feasible it is by PWTB and HCW

including the health system.

1.7 Use of and differentiated care models to improve treatment adherence

Differentiated care is a person-centered approach that adapts the services offered to the
needs of the PWTB helping to shift utilization of resources to those who are in most need
while also helping to reduce the resource demands on the health system [7, 9, 11].
Differentiated care models have been used in HIV treatment delivery with networks such
as the HIV Coverage, Quality, and Impact Network (CQUIN) which have addressed
challenges such as overcrowded facilities, overburdened staff and long waiting times in
countries like Uganda, Swaziland, Mozambique and SA [15-18]. In HIV treatment
delivery these service models are focused on those clients who are stable on antiretroviral
treatment (ART) trying to enhance adherence to treatment by improving how ART is
delivered [20]. These delivery models have mostly been used in high prevalence countries
in sub-Saharan Africa providing sustainable access to ART and support services for the 37
million People Living with HIV (PLHIV) [21]. Differentiated care models have the
potential to be adapted for use in TB treatment to differentiate the level of support needed
for defined groups of PWTB based on their adherence patterns thus reducing the need for
unnecessary clinic visits. This helps to reduce the burden on the health system while
improving access to quality care [21]. Differentiated care models can also act as a way of

reducing stigma and discrimination for clients when their context is considered [21].
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1.8 Description of the TB MATE Trial
The TB MATE (TB Monitoring and Adherence Endpoints) trial was a pragmatic cluster
randomised trial (CRT) conducted in South Africa between May 2019 to February 2022.
The trial has been described in the CRT protocol published in the international journal
Trials [22]. In the intervention arm, participants received medication monitors (Wisepill
1000 evriMED device) with reminders and differentiated care in response to real-time

adherence data uploads, carried out from a central database.

'Medication
storage
___area

Reminder
buzzer, SIM
card, and
battery
compartment

Reminder
LED lights

Figure 2: Wisepill 1000 evriMED device

The differentiated care was implemented in a progressive manner depending on the number
of doses a PWTB misses. If one dose was missed, then an Short Message Service (SMS)
reminder was sent to the PWTB. If a second or third dose was missed, then a research
assistant would make a telephone call to the PWTB and once the fourth dose was missed then
a home visit was made during which motivational counselling would take place. The project
management staff downloaded a weekly report to calculate the number of missed doses for
the week.
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In the control arm, participants were provided with the medical device to measure adherence
though they did not have reminders installed. Instead, pill box opening was recorded real-
time in silent mode and the participants’ adherence record was stored for analysis at the end
of study. The routine standard of care (SoC) adherence practices such as pill count and self-

reports carried on as usual.

g N ) =

Patient missed one Patient missed 2-3 Patient missed 4 Patient missed more
dose doses doses than 4 doses
+ SMS reminder + Phone call » Home visit + Motivational

counselling

Figure 3: TB MATE Intervention. Differentiated Care Approach.

1.9 Justification for the research
Comprehensive evidence on the implications of DATSs on a large scale is essential yet
scarce. For a new technology to be successfully implemented, various components that
are important include effectiveness, feasibility, acceptability, cost-effectiveness, PWTB
costs, budget constraints, equity and policy buy-in. These components are important for
policy making because effectiveness gives an indication of how well the intervention
works to improve adherence to treatment while feasibility looks at the intervention fit
within the existing health systems. Acceptability allows policy makers to understand the
level of satisfaction that PWTB and providers have with the intervention whilst cost-
effectiveness considers the costs of the intervention relative to the health outcomes

achieved which in turn has an impact on the available national budget.

Effectiveness was measured by the parent study while this PhD study aimed to

understand the feasibility, acceptability, cost-effectiveness and PWTB costs of the
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adherence monitoring and support system. This evidence will guide policy decisions on
which DAT to prioritize for successful large-scale implementation as improving
adherence to TB treatment at a low cost will allow for scarce resources to be utilised
efficiently. Furthermore, feasibility and acceptability are important considerations as they
act as either barriers or facilitators to the uptake of the intervention to both stakeholders

and PWTB.

1.10  Overall Aim
To determine the feasibility, acceptability and cost-effectiveness as elements that are
necessary for the successful implementation and targeted policy buy-in of the adherence

monitoring and support system being evaluated.

1.11  Specific Objectives
1. To describe the feasibility of implementing Wisepill evriMED device and

differentiated care from a stakeholder perspective

2. To describe the acceptability of implementing Wisepill eviiMED device and
differentiated care from a PWTB perspective

3. To evaluate the cost-effectiveness of the intervention from a societal perspective

1.12  Conceptual Framework
Figure 4 is an adapted version of the Health Technology Assessment (HTA) model which
illustrates the process of decision making used by policy makers prior to implementation
of a new technology [52, 53]. The framework illustrates that evidence of effectiveness of
the technology within a controlled setting needs to be supported by evidence on other
considerations namely [1] feasibility; the relative ease of implementation and operation of
the technology within existing health systems, technology infrastructure and supply chain

[54, 2] acceptability; the relative satisfaction of PWTB with the differentiated model of

20



care [9, 3] efficiency; what are the implementation costs of the technology for the
observed outcomes [9, 4] patient costs does the technology incur costs on the PWTB [9].
However, budget constraints and equity are two elements that will not be assessed during

this PhD as they are beyond the scope that my PhD can cover within the timeframe.

Feasibility
(Manuscript 1)
New Technology
Acceptability
(Manuscript 2)

Standard of Care

Policy dedsion

PWTB Costs
(Manusdpt 3)

Cost-Effectiveness
Analysis
(Manuscript 4)

Budget constraints

Figure 4: Health Technology Assessment (HTA) Framework (source - www.eupati.eu)

1.13  Gaps in evidence not addressed through this PhD
Budget constraints and equity are two elements that were not documented in the form of
manuscripts generated from this PhD as they are beyond the scope that my study can
cover within the limited timeframe. Both these elements are important considerations to
guide decision making on which TB interventions should be prioritised by policy makers.
I also conducted a theoretical assessment of equity (section 7.2) as it relates to DATSs
implementation. The only remaining gap is the budget impact analysis which will not be

addressed through this PhD but through subsequent research.
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1.14 Thesis structure

This PhD thesis is made up of seven chapters.

Chapter one gives a background to the study by highlighting the extent of the problem
(TB incidence and mortality), why adherence to TB medication is important and ways
that can be used to support PWTB to adhere and complete their treatment. The
justification for my research as well as overall aim and specific objectives are presented

in chapter one.

Chapter two delves into the available literature looking at the evidence surrounding
effectiveness, cost-effectiveness, feasibility, and acceptability of DATs as important
elements that can be used to guide decision making around the scale-up of a new

technology.

Chapter three covers the methodology used in each of the manuscripts and highlights my
role as a student.
Chapters four to six introduces each of the manuscripts in turn and presents the published

manuscript or the final manuscript submitted to the journal.

Finally, chapter seven is a discussion of the main findings of the study in the context of

the existing literature, a theoretical assessment of equity and the implications on policy.
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CHAPTER 2: LITERATURE REVIEW

There is limited evidence on factors that may influence successful implementation of
DATs such as effectiveness, cost-effectiveness, feasibility and acceptability. A literature
search was conducted using PubMed database and google scholar. Search terms included
‘digital adherence technologies’, ‘digital adherence technologies and TB and medication
and pillbox’. I filtered for the following: abstract, free full text, books and documents,
clinical trial, meta-analysis, randomized controlled trial, review and systematic review.
From the literature search, most pilot studies on DATs use have been conducted in SA
[15, 23-25]. Large studies on DATs have mostly been conducted outside SA like in China
[26-28]. This literature review will attempt to look at all DATs in SA and mostly evidence
on the medication monitor globally so as to give some context to understanding the pros
and cons of medication monitors which is the focus of my PhD. A summary table of DATs

evidence in SA is provided in table 3.

2.1 Evidence on Effectiveness of DATs

The following studies were found and reviewed on the effectiveness of DATSs both in SA

and globally.

Hiisler J et al. Evaluation of the On Cue Compliance Service Pilot: Testing the use of

SMS reminders in the treatment of Tuberculosis in Cape Town, South Africa. 2005/22].

A pilot evaluation conducted in Cape Town SA by Hiisler et al assessed the impact of
DATs through the use of SMS reminders to improve treatment completion and cure rates
for PWTB [22]. The pilot study included 221 patient records and seven staff interviews
and found that treatment completion and cure rates were similar in those PWTB using
sms reminders and those using DOTs only [22]. Despite treatment adherence being an

outcome of interest in this study, the researchers could not accurately measure if
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adherence had improved or not but only showed that monitoring for treatment adherence

was a problem where PWTB were not seen daily [22].

Liu X et al. Effectiveness of Electronic Reminders to Improve Medication Adherence in

Tuberculosis Patients: A Cluster-Randomised Trial. PLoS Med. 2015;12(9):e1001876
[27].

Large studies on DATs have mostly been conducted outside SA like in China where 4,292
PWTB were enrolled between 1 June 2011 to 7 March 2012 into a large pragmatic
cluster-randomized trial which measured effectiveness in four arms; using text
messaging reminders, a medication monitor, combined or neither (controls), amongst
DS-TB people [24]. Participants in all study arms were 18 years and older and they took
their treatment from the medication monitor but the reminders to take treatment and for
monthly clinic visits were only active in the medication monitor arm and the control arm
[24]. The trial found that reminders from medication monitors improved medication

adherence in PWTB, but text messaging reminders did not [24].

Liu X et al. Digital adherence technologies to improve tuberculosis treatment outcomes in

China: a cluster-randomised superiority trial. The Lancet Global Health.

2023:11(5):e693-e703 [28].

A second cluster-randomized trial took place in China between 26 January 2017 and 3
April 2019 where 3,072 PWTB who were 18 years and older were enrolled [23, 25]. This
trial measured effectiveness and cost-effectiveness using two study arms; the
intervention arm where the PWTB received the medication monitor with reminders to
take treatment daily, and the control arm where PWTB received a medication monitor

with no reminders (in silent mode) [25]. This study found that the medication reminder
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improved treatment adherence but however did not show an effect on poor treatment
outcomes namely loss to follow-up and TB recurrence [25]. The results of the cost-
effectiveness study are yet to be published. However, the health system in China is
organised differently from SA which may have an influence on cost-effectiveness. In
addition, both trials included adult participants aged 18 years and older and hence little is
known about how the medication monitors would perform within the under 18 population
involving children with TB and their parents/caregivers.

[19]

Wei X, Hicks JP. Zhang Z, Haldane V., Pasang P. Li L, et al. Effectiveness of a

comprehensive package based on electronic medication monitors at improving treatment

outcomes among tuberculosis patients in Tibet: a multicentre randomised controlled trial.

Lancet. 2024,403(10430):913-23.

Recently a RCT was conducted in Tibet, China between November 17, 2018, and April 5,
2021 where 143 PWTB (DS-TB) 15 years and older in the intervention arm were offered
a comprehensive package including medication monitors with reminders and a
smartphone app which enabled text, audio, and video communication between patients
and health-care providers [19]. The package also included a treatment supporter who was
trained to support patients with using the electronic medication monitor and app [19]. In
the control arm, 135 PWTB received medication monitors but with no reminders. They
also did not receive the app or treatment supporter. The study found that the intervention
package was effective in improving adherence (measured as missing 20% or more of
planned doses in the treatment month) and five of the six treatment outcomes that were

measured including treatment success (i.e. cured or treatment completed) [19].
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2.2 Evidence on Cost-Effectiveness of DATs

Broomhead S et al. Retrospective return on investment analysis of an electronic treatment

adherence device piloted in the Northern Cape Province. Telemed J E Health.
2012:18(1):24-31/24].

One pilot study done in the Northern Cape Province of SA on digital pillboxes assessed
treatment outcomes and performed a cost minimization analysis (CMA) comparing the
costs and health outcomes of the DOTS-SIMpill cohort with DOTS-only controls which
showed improved treatment outcomes and cost savings [24]. However, this pilot study did
not conduct a full cost-effectiveness which would have been a more rigorous method than
a cost-minimization analysis. Cost savings were mostly evaluated by looking at the
investment in pill boxes and no other resource inputs were considered when a comparison
was made with the treatment costs averted. This could have potentially led to an

overestimate of cost savings.

Hiisler J et al. Evaluation of the On Cue Compliance Service Pilot: Testing the use of

SMS reminders in the treatment of Tuberculosis in Cape Town, South Africa. 2005 [25].

In the pilot study by Hiisler et al evaluating SMS reminders in Cape Town [25], the
evaluators used a framework they referred to as “Real Access, Real Impact” which
incorporated aspects of cost (and acceptability) of the technology. Cost analysis mainly
took the form of patient costing where a limited scope of direct and indirect costs were

included such as airtime, transport and lost wages. Provider costs were not evaluated.

Kafie et al. Cost and Cost-Effectiveness of Digital Technologies for Support of

Tuberculosis Treatment Adherence: A Systematic Review.2024 [29]

A recent systematic review including literature from January 2000-April 2023 reviewed

29 studies which met the inclusion criteria out of 3,619 titles which were identified in the
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search [29]. DATs included SMS reminders, phone-based technologies, digital pillboxes,
ingestible sensors, and video observed treatment (VOT) and findings were largely from
high-income countries[29]. VOT was the most extensively studied (16 studies) and was
generally cost saving when compared to healthcare provider directly observed therapy
(DOT)[29]. The authors concluded that DATs may be cost-saving or cost-effective
compared to healthcare provider DOT [29]. Since these finding were mostly from high
income countries, more data of higher quality are needed from low and middle income

countries (LMICs)[29].

2.3 Evidence on Feasibility and Acceptability of DATSs
The two large cluster randomised trials conducted in China did not evaluate acceptability
and feasibility [27, 28]. The evidence on these aspects,until recently, has only been
available through small pilot studies. The most recent trial to be conducted that examined
the feasibility and acceptability of DATs is the ASCENT trial conducted in Ethiopia, The

Phillipines, South Africa and Tanzania [30].

Tadesse AW et al. Feasibility and acceptability of the smart pillbox and medication label

with differentiated care to support person-centered tuberculosis care among ASCENT

trial participants - A multicountry study. Front Public Health. 2024;12:1327971 [30].

Use of the smart pillbox and medication labels were found to be feasible amongst
PWTB (drug sensitive) across the four countries that were part of the ASCENT trial i.e.
Ethiopia, The Phillipines, South Africa and Tanzania [30]. Medication labels containing a
unique code were placed on their fixed dose blister-packaged TB medication [31]. When
their daily dose was taken, participants messaged this code using a toll-free text, which
automatically logged their daily dose to the web-based application [31].However, there

were implementation challenges of using the medication labels and the smart pillbox such
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as poor network, charging problems and phone credit which were more common in the
Phillipines and hindered the DATs and differentiated care approach from working
optimally. Another challenge cited was privacy concerns where PWTB did not want to be
seen taking their treatment from the pill box as this may have led to disclosure of ones TB
status causing stigma especially in the South African setting [30]. Acceptability of the
DATs amongst PWTB was found to be high as measured using the COM-B model which
examines capabilities, opportunities and motivations for behaviour change [30]. Lower
mean scores for opportunities were influenced by fear of stigma related to using the

pillbox and medication lables in public spaces [30].

Hiisler J et al. Evaluation of the On Cue Compliance Service Pilot : Testing the use of

SMS reminders in the treatment of Tuberculosis in Cape Town, South Africa. 2005/25].

Feasibility of SMS reminders was not directly measured in the Cape Town pilot study
although they looked at related aspects such as ‘appropriateness of the technology within
the context’ and capacity issues. The findings were that SMS reminders are appropriate to
complement DOTS in Cape Town clinics and beyond but certain barriers limit their
usefulness such as tight clinic staff schedules and many staff members feel that they are
over-worked [25]. Over the long-term, issues of privacy, data protection, and security

have the potential to affect the widespread use of the technology in healthcare [25].

Acceptability of SMS reminders was found to be high with all 26 interviewees stating
their support for the sms service and their ability to integrate it into their daily routines.
Despite this, there were some privacy concerns with 20% of the participants interviewed
being concerned that other people would see the sms from the clinic leading to

unintentional disclosure of their TB status.
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Bionghi N et al. Pilot evaluation of a second-generation electronic pill box for adherence

to Bedaquiline and antiretroviral therapy in drug-resistant TB/HIV co-infected patients in

KwaZulu-Natal, South Africa. BMC Infect Dis. 2018;18(1):171 [23].

Acceptability of DATs was also found to be high in a pilot study done in Kwa-Zulu Natal
province of SA but only amongst 21 DR-TB and HIV co-infected people using an
electronic pill box device [23]. In that study participants reported positive experiences
with no concerns about stigma, confidentiality, or remote monitoring using the electronic
pill box and expressed willingness to use the device during a full course of treatment [23].
The electronic pill box was found to be more accurate in terms of measuring adherence
than the patient reported seven-day recall comparator. No other outcomes such as cost-

effectiveness or feasibility were measured in this pilot study.

Sumari-de Boer M et al. Implementation and effectiveness of evriMED with short

messages service (SMS) reminders and tailored feedback compared to standard care on

adherence to treatment among tuberculosis patients in Kilimanjaro, Tanzania: proposal

for a cluster randomized controlled trial. Trials. 2019;20(1):426 [32].

Another large study that evaluated the use of an electronic pill box amongst DS-TB
people was conducted in Kilimanjaro, Tanzania where the intervention arm participants
were given the evriMED pillbox while those in the control arm received DOTs as per
standard of care [32]. This study was a cluster randomized trial which assessed
effectiveness, acceptability, and feasibility among other aspects within an East African
setting. The protocol was published in 2019 and we are awaiting the results of the study.
However, even when the results of the study do get published, they may not be easily
generalisable to SA given the differences in culture and infrastructural development

between the two settings.
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More recently there have been two published systematic reviews which have looked at

health outcomes, costs and cost-effectiveness and acceptability of DATs [33, 34].

Ridho A et al. Digital Health Technologies to Improve Medication Adherence and

Treatment Qutcomes in Patients With Tuberculosis: Systematic Review of Randomized

Controlled Trials. J Med Internet Res. 2022;24(2):e33062 [33].

In the first review published in 2022 by Ridho et al, the paper looked at the effect of
DATs in improving medication adherence and clinical outcomes in patients with TB [33].
The review included 16 Randomised Controlled Trials (RCTs) and six types of DATs
namely video directly observed therapy (VDOT) (n=3), video-observed therapy
(VOT) (n=1), ingestible sensors (n=1), phone call reminders (n=1), medication
monitor boxes (n=2) and SMS text reminders (n=8) [33]. The outcomes evaluated were
treatment adherence, treatment completion and clinical outcomes as suggested by cure
rate and smear conversion [33]. The review found that treatment adherence was
increased in one small RCT (daily SMS reminders) done in Argentina using 18 PWTB
(intervention arm) and 19 PWTB (control arm), while another RCT done in Taiwan on
VDOT using 80 PWTB (intervention arm) and 160 PWTB (control arm) found no

improvement in treatment adherence [27, 33, 35].

DATs were found to have a significant effect (odds ratios and relative risks ranging from
1.10 to 7.69) on treatment completion in four RCTs (VDOT, VOT, ingestible sensor,
SMS reminder), where in two RCTs VDOT (n=112 intervention and 114 control) and
VOT (n=50 intervention and 302 control) were studied in the UK and USA respectively
and were found to be more effective than DOTs which was the standard of care [17, 36].
The other two RCTs on ingestible sensors (n= 41 intervention and 20 control) and SMS

reminders (n=160 intervention and 190 control) were done in the USA and China
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respectively and they also showed a positive effect on treatment completion [33, 37, 38].
However, three RCTs of VDOT [39-41] and three RCTs of SMS reminders [35, 42, 43]
did not find significant effects for treatment completion [33]. Clinical outcomes (cure
rate) showed that SMS reminders (odds ratio 2.47; 95% confidence interval 1.13-5.43)
and phone calls (relative risk 1.30; 95% confidence interval 1.07-1.59) had a significant
effect as seen in two RCTs [44, 45] while three RCTs found that SMS reminders did not

have a significant effect on cure rate or smear conversion [33, 40, 42, 46].

Given the variable evidence across countries and across DATS, setting specific evidence
on the effectiveness of DATSs on a specific outcome such as treatment adherence and
treatment outcomes, would be more reliable. Also, depending on the standard of care that
is currently in place in a specific setting, the effect size of the DATs may vary as some
traditional adherence measures may perform worse than others e.g. DOTs, self-report and

pill count making transferability of results to another setting even more challenging.[47]

Oeser C et al. Digital approaches to reducing TB treatment loss to follow-up. Int J Tuberc

Lung Dis. 2023;27(6):432-7 [34].

In the second review published in 2023 by Oser et al, the authors looked at effectiveness,
cost-effectiveness and acceptability of adherence technologies [34]. Most studies were
reported from an African country (n=10), followed by the United States (n=7) and China
(n=6) [34]. The most common technologies included in the reviews were VOT (n=9),
MERMs or Medication Event Reminder Monitor (n=6), one or two-way text
messaging (n=5) and lastly 99DOTS (n=2) [34]. There was heterogeneity in the
effectiveness of the DATs where two-way SMS showed a 10% improvement in treatment

success in a large RCT in Kenya [34, 47]. Likewise, MERM showed a 15% improvement
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in treatment success in Peru and in Morocco where both increased adherence and
treatment success were observed [34, 48, 49]. However, MERM did not show any
improvement in treatment outcomes in a China trial [34, 50]. VOT showed improved
adherence in studies conducted in United Kingdom [17], Moldova [51], United States
[52], China [53, 54] and Taiwan [34, 55]. Similar to the previous systematic review, the
RCTs show that DATs improve treatment adherence, but significant positive effects are

often not observed with treatment outcomes.

The systematic review by Oeser et al on cost-effectiveness of DATs included six studies
that showed DATSs could be considered as being cost-effective over time and in high
burden settings due to economies of scale [34]. Economies of scale are realised where
capital costs are spread out over many PWTB over time and in high burden settings
where TB incidence is higher. Acceptability of DATs with PWTB showed that DATs was
acceptable depending on digital literacy, connectivity and how well the implementation of
the DAT was modified to suit the target population e.g. preferred timing of

communication [34].

Despite these studies, there are major limitations in understanding the effectiveness of
using DATs within the South African setting. Minimal data exists on the performance of
DATs in different geographical settings such as rural and urban, gender differences in the
acceptability of DATs, experiences of HCWs using DATs at the public health facility and
perspectives of different stakeholders on the feasibility of using DATS for the national TB
program. Further investigation on the four elements; effectiveness, feasibility,
acceptability, and cost-effectiveness of DATs is needed to inform the scale-up of
technologies for TB adherence in resource-limited settings. My PhD will address three of
these elements, feasibility, acceptability, and cost-effectiveness within the South African
setting.
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Table 1: Evidence of DATSs in South Africa

Author, Year | Setting DAT Tested | Aspect(s) Target Findings Limitations
assessed Population
Hiisler J et al, | Cape Town, SMS Impact New sputum Monitoring for treatment adherence | Cost-effectiveness was not
2005[25] SA reminders Feasibility smear-positive | is a problem where patients are not | assessed. Small study
Acceptability | patients seen daily so study could not implemented in a limited area
accurately measure if adherence had | so findings cannot be
improved or not. generalized to all of South
Affica.
Broomhead S | Northern Digital TB treatment | New sputum Reduced cost per patient as a result | Acceptability and cost-
etal, 2012 Cape, SA pillboxes outcomes smear-positive | of cost savings from improved effectiveness were not assessed.
[24] Cost per patients treatment outcomes.
patient
Bionghi Net | Kwa-Zulu Electronic Accuracy Drug Resistant | Wise pill was more accurate (100%) | Cost-effectiveness was not
al, 2018 [23] | Natal, SA pill box Acceptability | TB patients compared to seven-day recall (0%) | assessed.
in detecting non-adherence.
Patients reported positive
experiences with electronic pill box
and expressed willingness to use the
device during a full course of
treatment.
No concerns about stigma,
confidentiality, or remote
monitoring.
Tadesse AW Ethiopia Smart Feasibility Drug-sensitive | Pillboxes and medication labels with | Perspectives of health care
et al, 2024 Phillipines pillbox Acceptability | TB patients differentiated care support were workers and other
[30] South Africa | Medication feasible to implement and stakeholders were not assessed
Tanzania labels acceptable
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CHAPTER 3: METHODS

3.1 Study setting
The cluster randomized trial (CRT) (and the PhD) was implemented in three districts of SA,
Ekurhuleni (Gauteng Province), Cape Town Metro (Western Cape Province) and eThekwini

district (KwaZulu-Natal Province) shown on the map below.

Legend 2016 district-level T8 notification rates per 100 000
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Figure 5: Map showing location of study sites in South Africa
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3.2 Study population
The study population for the CRT consisted of adults and children above the age of 2 years
who had drug-sensitive TB and initiated onto TB treatment within the last 14 days. The study
population for my PhD included:

» TB healthcare providers (TB nurses and study staff) administering the TB MATE

intervention to adults and children >2 years with drug-sensitive TB

» People with DS-TB 18 years and older accessing the intervention
3.3 Clinic selection
In each of the three districts, six primary health care (PHC) clinics, three in the intervention
arm and three in the control arm, were randomly selected with a total of 18 clinics for the
parent study. The PhD study was implemented in six clinics where we purposively selected
one intervention and one control clinic per district to have a mix of clinics that are rural and
urban, busy and quiet, large and small (based on the number of patients starting TB treatment
per month) [22]. The 18 clinics were selected based on having at least 200 registrations in
2017 and were randomised to the two arms considering the location (urban vs rural), the total
number of patients starting TB treatment per month, and treatment outcomes in
the last 12 months. [22]. The clinics are shown in table 4:

Table 2: Clinic selection for the parent study and PhD

Province District Intervention Clinic | Control Clinic
Gauteng Ekurhuleni Daveyton Main Dresser
Tembisa Main Goba
Ramokonopi CHC | Esangweni
Western Cape | Cape Town Metro | Gugulethu Mzamomhle
Nyanga Phumlani
Tafelsig Weltevreden Valley
KwaZulu Natal | eThekwini Folweni Inanda C
Newtown A KwaMakhutha
Umlazi K Phoenix
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3.4 Study design

| implemented a cross-sectional study using a mixed methods approach to data collection for
the PhD study.

3.5 Research methodology for objective 1

Objective 1: To describe the feasibility of implementing Wisepill eviiMED device and

differentiated care from a stakeholder perspective.

3.5.1 Sample size for the in-depth interviews on feasibility

The sample size included a total of 25 interviews which were categorised as follows:
» 7 stakeholders (Department of Health — National, Provincial and District levels)

* 18 healthcare workers (9 facility and 9 study staff)

At least two stakeholders in each of the three intervention districts were interviewed about the
feasibility of the intervention. Key stakeholders per district were purposively selected from
the Department of Health and invited to take part in the in-depth interviews based on their
seniority, involvement in TB and with the intervention. One research assistant and one facility
staff member from each of the nine intervention clinics were also invited for the feasibility
interviews if they had been with the project for at least three months. The sample size was
selected on the basis of obtaining a representative sample while also considering saturation

where themes usually start to converge after 15 interviews.

3.5.2 Data collection for the feasibility of the adherence monitoring and support system

Feasibility was explored using a guide with various stakeholders from the Department of
Health, research assistants and facility staff. The interviews were conducted in the study-

approved languages namely English, IsiZulu, IsiXhosa, Sepedi and Afrikaans, audio recorded
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with their consent and transcribed by a trained research assistant. No reimbursement was

given.

3.5.3 Data analysis for the in-depth interviews on feasibility

Thematic analysis was used to analyse stakeholder interviews through deductive and
inductive approaches [56, 57]. At least 10% of the transcripts were coded by two independent
researchers to reduce bias and improve reliability [56]. A codebook of emerging themes was
developed with discrepancies being resolved through discussion. Where there was no inter-
rater agreement then the theme was dropped from the analysis [56]. Participant quotes were
presented to illustrate the themes [58]. MAXQDA qualitative software was used for the
coding process.

3.5.4 Role of the student

I conducted the stakeholder and PWTB interviews alongside qualitatively trained research
assistants. I conducted a quality check of the transcriptions and/or translations. I performed
the initial coding of the transcripts for objective 1 and my supervisor coded 10% of these and
together we reviewed the codebook. I was the second coder for objective 2 alongside a
master’s student from the University of Witwatersrand who performed the initial coding
under my supervision. I drafted the initial manuscript and revised subsequent versions as the

first author.

3.6  Research methodology for objective 2

Objective 2: To describe the acceptability of implementing Wisepill eviriMED device and

differentiated care from a PWTB perspective.
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3.6.1 Sample size for the in-depth interviews on acceptability

A total of 60 in-depth interviews on acceptability were planned with PWTB including at least
20 men and 20 women to ensure that views from both men and women were represented. The
selection of PWTB was stratified by category of differentiated care. The sample size was

selected based on saturation where themes usually start to converge after 15 interviews.

3.6.2  Data collection for the acceptability of the adherence monitoring and support system

Acceptability was explored qualitatively with participants using an in-depth interview guide.
The interviews were conducted after implementing the adherence monitoring and support
system to capture PWTB in all phases of treatment. Deductive themes included feelings and
attitudes toward using the device ease of use of the device, perception and experience of
receiving sms’es, home visits and motivational counselling, participants experience of stigma
etc. The interviews were conducted in one of the study approved languages namely English,
IsiZulu, IsiXhosa, Sepedi and Afrikaans, audio recorded with their consent and transcribed by
a trained research assistant.

3.6.3  Data analysis for the in-depth interviews on acceptability

Data analysis for the acceptability interviews followed the same approach as for the

feasibility interviews detailed in section 3.5.3 above.

3.64 Role of the student

My role remained the same as in objective 1 above on feasibility.
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3.7 Research methodology for objective 3

Objective 3: To evaluate the cost-effectiveness of the intervention from a societal perspective

This objective was conducted from a societal perspective where the data was obtained from

the PWTB costs, health system costs and the parent trial treatment outcomes data.

3.7.1 Sample size for the PWTB costing interviews

At baseline, all participants at each of the 18 clinics were interviewed for their demographic
information. At their 2-month and 6-month visits, a sub-set of the study population were
selected to participate in the PWTB costing interview. At each clinic, I used simple random

sampling to select 55 participants in each treatment phase.

3.7.2 Data collection for PWTB costs

The interviews were conducted at the month 2 visit (end of intensive phase) so as to capture
the pre-treatment costs and around the 6-month follow-up visit (end of continuation phase) by
use of a questionnaire [59]. A sub-sample, randomly selected, was used since interviewing
fewer participants’ would allow us to spend more time and counter some of the recall bias
[60]. The questionnaire was adapted from the REACH (Researching Equity in Access to
Healthcare) project that was a multi-centre study that estimated the true costs of health care
utilization for PWTB receiving ‘free’ HIV/TB care and treatment in rural KwaZulu-Natal
[61] and the World Health Organisation TB Patient Cost Survey [59]. The questionnaire was
piloted on a few participants before the official data collection began. All data was entered

into a database created in REDCap.
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3.7.3 Data analysis of PWTB costs

Data were exported from REDCap into STATA (version 14, StataCorp LP, College Station,
Texas) for analysis. Economic costs that were assessed included direct and indirect costs
related to the PWTB. . Both direct and indirect costs were summarised using means and
standard deviations for normally distributed data and for skewed data medians and

interquartile ranges were reported.

3.7.4  Sample size for time and motion studies

The sample size was selected based on convenience where the target was at least 10
observations of the TB nurse and the implementing research assistant for the
initiation/enrolment visit and at each of the 6 monthly visits. Another 10 observations were

planned in each of the three intervention sites for home visits.

3.7.5 Data collection for health systems costs

A micro-costing method using a bottom-up activity-based costing approach was used to
measure health systems costs at both intervention and control clinics. This involved
conducting time and motion studies at the clinic-level where the duration in minutes of all

services rendered during the visit were recorded. The quantities of equipment and supplies

used were also observed. Overhead costs for those resources that are shared were estimated.

Time spent on staff training was obtained through interviews with the project managers.
Financial records were reviewed for data on salaries of the implementing project staff and

clinic staff involved in the intervention.
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3.7.6 Data analysis for health systems costs and societal costs

Any time spent on research activities such as enrolling participants into the trial, were
excluded during the analysis stage. Total costs were calculated by multiplying the
intervention unit cost per PWTB at each visit and the number of PWTB who were seen in
both trial arms. Health systems costs were analysed and reported according to internationally
accepted standards as cost per PWTB receiving the Wisepill evriMED device. Societal costs
(which include both patient and health systems costs) were reported as cost per adherent

PWTB (with >80% adherence to DS-TB treatment).

3.7.7 Role of the student

Trained research assistants collected the data. I designed the time and motion forms,
developed the PWTB questionnaire, trained the research assistants, managed the data
collection and entry, quality-checked the data and analyzed the societal costs. With the
support of my supervisors, I drafted the initial manuscript and revised subsequent versions as

the first author.
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CHAPTER 4: THE FEASIBILITY OF IMPLEMENTING
WISEPILL EVRIMED DEVICE AND DIFFERENTIATED
CARE FROM A STAKEHOLDER PERSPECTIVE

4.1 Introduction

This was a qualitative paper that explored themes such as feasibility of implementing the
Wisepill evriMED device and differentiated model of care, and the system level challenges of
delivering, sustaining and integrating the intervention into the existing TB programme. The
qualitative study has shown that Wisepill evriMED device and the differentiated model of
care is feasible to implement within the existing health system. Providers felt the intervention
could be easily integrated into the health system and it would assist them in monitoring and
supporting adherence to treatment for PWTB and also those with other chronic conditions.

More details can be found within the paper.

4.2 Paper 1: Qualitative study exploring the feasibility of using medication monitors and a
differentiated care approach to support adherence among people receiving TB treatment
in South Africa
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ABSTRAGT

Objectives The tuberculosis (TB) MATE study evaluated
whether a differentiated care approach (DCA) based on
tablet-taking data from Wisepill evriMED digital adherence
technology could improve TB treaiment adnerence. The
DCA entailed a stepwise increase in adherence support
starting from shart message service (SMS) to phone calls,
followed by home visits and motivational counselling.

We explored feasibility of this approach with providers in
implementing clinics.

Design Between June 2020 and February 2021, in-depth
interviews were conducted in the provider's preferred
language, audiorecorded, franscribed verbatim and
translated. The interview guide included three categories:
feasibility, system-level challenges and sustainability of the
imtervention. We assessed saturation and used thematic
analysis.

Setting Primary healthcare clinics in three provinces of
South Africa.

Participants We conducted 25 interviews with 18 staff
and 7 stakeholders.

Results Three major themes emerged: First, providers
were supportive of the intervention being integrated

int the TB programme and were eager to be trained on
the device as it helped to manitor treatment adherence.
Second, there were challenges in the adoption system
such as shortage of human resources which could serve
as a barrier to information provision once the intervention
is scaled up. Healihcare workers reported that some
patients received incomrect SMS's due to delays in the
system that contributed to distrust. Third, DCA was
considered as a key aspect of the intervention by some
staff and stakeholders since it allowed for support based
on individual needs.

Conclusions [t was feasible to monitor TB freatment
adherence using the eviiMED device and DCA. To ensure
successiul scale-up of the adherence support system,
emphasis will need to be placed on ensuring that the
device and the network operate optimally and continued
support on adhering to freatment which will enable people
with TB 1o take ownership of their ireaiment jouney and
help overcome TB-related stigma.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= We conducted the study in three provinces with dif-
ferent health service characteristics, tuberculosis
epidemiology and population characteristics, which
allowed us to understand feasibility of implementa-
tion from a broader perspective.

= Another sirength was that the study was done in a
routine setiing with limited resources and without
the use of incentives o providers to increase uptake.

= One limitation is that some of the interviews were
conductad by a member of the study management
team, afthough this was limited to senior stake-
holders who were unlikely to feel reluctant to freely
express their views and fo withhold some of their
opinions.

Trial registration number Pan African Trial Regisiry
PACTR201902681157721.

INTRODUCTION

Globally, the treatment success rate for new
and relapse drugsensitive tuberculosis (TH)
is 86% while in South Africa (SA) this is
much lower at 79%.' Among those who are
HIV positive with TB, the treatment success
rate is 78% and 67% for those previously
treated with TB." Treatment failure is often
a result of non-adherence to treatment,
lost to follow-up or unevaluated outcomes.”
Typical reasons that people with TB (PWTBH)
might not adhere to treatment include false
perceptions of being cured once they feel
better, stigma, forgetfulness, lack of social
network support and poor user experience of
accessing care at clinics.” Traditional methods
such as Directly Observed Treatment Short
course (DOTs), pill counts and self-report
have limitations and have not been shown to
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improve treatment adherence in PWTB, especially where
DOTs programmes are not designed and implemented
appl’OPl‘iﬂlEl‘}'.H The effectiveness of DOTs is influenced
by higher DOTs coverage where cure rates have been
found to be higher among those DOTs supporters with
fewer patients allocated to them.® Digital adherence
technology (DAT) including medication monitors may
overcome challenges to monitoring TB treatment adher
ence through remotely documenting dosing patterns of
PWTB.’

Both globally and in SA, there is limited information
on the value of DATs in TB treatment. A study done in
KwaZulu-Natal SA among drug resistant TB-HIV coin-
fected inpatients using an older version of the Wisepill
device, the RT2000 3G, showed that feasibility challenges
for digital pillboxes may include battery failure, device
malfunction and problems related to cellular networks.”
Previous studies have found that other DAT such as short
message service (SMS) reminders for TB treatment were
insufficient to improve treatment adherence alone.
Barriers included frequent changing of phone numbers
and uncertainty whether patients were taking their tablets
immediately after they received the SMS or not.” Another
study done in Uganda for HIV treatment showed that
challenges for cellphone-based strategies included: use of
shared cell phones, technical failures preventing receipt
of SMS texts, electricity outages and changing phone
numbers.'" ' Another DAT known as 99 DOTs also has
the potential to improve treatment adherence as the
PWTB is required to call a hidden phone number within
the blister pack so as to indicate when a dose was taken. o
However, 99 DOTS is limited in its ability to accurately
report if a dose was taken since the PWTDB may dial the
number without actually taking any medication.' '* This
challenge has been overcome by DATs methods like Video
DOT (VOT) which allow heathcare workers (HCWSs)
to watch the PWTB taking treatment over video confer-
encing, hence it is considered a more accurate method
to ensure that PWTB adhere to treatment."” In addition,
WVOT can be a source of support to those who lack family
and friends to support them during their TB illness."
However, VOT requires a smartphone, data plan and
sufficient bandwidth making it a less affordable method
in low-income and middle-income countries such as SA."”

Most DATs have focused on monitoring adherence and
few studies have used DAT: to differentiate between those
patients who are struggling and need individual support,
and those who are doing well. Given this gap in knowl-
edge, we evaluated the feasibility of using the Wisepill
evriMED DAT to monitor TB treatment adherence while
using a differentiated care approach (DCA) with a step-
wise increase in adherence support for PWTB in SA.

METHODS

Study design and study setting

This qualitative study was embedded within a cluster-
randomised trial (CRT) that took place in six clinics in

each of three provinces of SA: Gauteng (Ekurhuleni
district}; Western Cape (Klipfontein and Mitchell’s Plain
districts) and Kwa-Zulu Natal (eThekwini district), the
details of which have been published elsewhere." In the
intervention arm of the CRT, PWTB received medication
monitors with reminders triggering DCA in response
Lo adherepce data uploads, carried out from a central
database.” The DCA was implemented in a progressive
manner depending on the number of doses a participant
missed.'” If one dose was missed, then an SMS reminder
was sent to the parr.icipant.b If a second or third dose
was missed, then study staff would make a telephone call
to the participant and once the fourth dose was missed
then a home visit was conducted during which motiva-
tional counselling took place."” We describe the feasibility
of implementing Wisepill evriMED device and differenti-
ated care from a stakeholder perspective.

Site selection

There were a total of nine intervention clinics, three in
each province. Clinics were selected based on location,
HIV prevalence and numbers of patients starting TB
treatment per month. 12

Study population

The study population consisted of seven purposively
selected stakeholders from the Department of Health:
one national, one provincial and five district-level repre-
sentatives, who worked closely with the facilities using
the electronic device (Wisepill evriMED DAT). From
each intervention facility, we interviewed one facility staff
(government emplovee) and one study staff member. All
study staff worked on the project for at least 3months.
Facility staffHnitiated patients on TB treatment and moni-
tored patients for their scheduled monthly follow-up visits
while study staff offered PWTB the device, followed-up on
those who had missed doses and provided motivational
and adherence counselling.

Patient and public involvement

Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research.

Conceptual framework and themes explored

Using the feasibility framework suggested by Bowen ef al"”
we developed an in depth interview (IDI) guide (online
supplemental appendix 1) that covered the following topics;
(1) the relative ease of implementation and operation of the
technology within existing health systems, technology infra-
structure and supply chain and (2) system level challenges of
delivering, sustaining and integrating the intervention into
the existing TD programme. We used the framework on the
‘Integration and sustainability of interventions into health
sysr.ems’” to organise the data.

Data collection

We conducted a total of 25 IDIs. The sample was repre-
sentative of providers involved in the intervention while
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also considering saturation where themes usually start to
converge after 15 interviews. The IDI guide (Appendix I)
was piloted with one stakeholder, two facility and one study
staff between January and February 2020. The probing ques-
tions were adapted after the pilot. These interviews were
conducted face to face, and the data were included in the
analysis. Data collection continued between June 2020 and
January 2021 with each interview lasting between 45 and
H0min. The interviews were all conducted in the providers
preferred language by a female PhD student (RM) and a
female study coordinator who was a PhD student with quali-
tative experience (VM). Both researchers established a prior
relationship with the providers enabling them to under-
stand the reasons for the study. The interviews were digi-
tally recorded with the providers consent and transcribed
verbatim by trained research assistants (masters studenis).
The transcripts were not retumed to the providers for
comment or correction. Due to the impact of COVID-19
and the national lockdown that took place, these interviews
were conducted virtually over Microsoft Teams. No one else
was present in the interviews besides the providers and the
researchers and field notes were made during the interviews.
Saturation was assessed during data collection through
asking the same question in different ways and reviewing
a sample of the recordings until no new information was
obtainable. No repeat interviews were carried out.

Data analysis

Thematic analysis was used with deductive and inductive
ap|:rr~u~ach¢=:&lN . At least 109 of the transcripts were coded
inductively by two independent researchers so as to reduce
bias and improve reliability"® A codebook of emerging
themes was developed, guided by the framework on the
‘Integration and sustainability of interventions into health
s‘_.'sLern.'s‘,lT with discrepancies being resolved through discus-
sion. Where there was no interrater agreement, the theme
was dmppedkm The final codebook was used to code the
remaining transcripts and any new codes that emerged
were also included in this codebook. MAXQDA qualitative
software was used for the coding process. We highlight the
major themes (overarching theme) and subthemes (specific
themes) that emerged and use supportive direct quotations
from providers. Providers did not provide feedback on the
findings.

RESULTS

We conducted 25 interviews in total with 18 staff (9 facility
staff and 9 study staff) and 7 stakeholders (1 national.l
provincial and 5 at district level) across 3 provinces.
Majority of the providers (23 out of 25) were female. None
of the approached providers declined to participate.
Major themes included (1) Providers were supportive of
the intervention, (2) Intervention challenges within the
adoption system and broad context, and (3) Ensuring
intervention sustainability through constant training of
staff and education of PWTB

Major theme 1: providers were supportive of the intervention
There was buyin from staff who felt involved and were
supportive of the intervention. Stakeholders were also
very supportive of the intervention despite their limited
involvement.

... to me it was a very good idea and it was working
very well ... itimproved our cure rate because we had
a lot of patients who were defaulting and who and to
be referred to the hospital because they developed
multi, MDR. So since we had ...this intervention, at
least we had less patients who developed multi-drug
resistance. - FFS_019_7

...I think...it’s magnificent. I think it's... a tool box,
it’s really a way for us to see what's really happening
at the point of ... TB treatment, where the patient
take... the medication when they open the box. So 1
think it’s really innovation that can be used. ... I think
it also is a reminder for the patient. You know? That
... “I need to take my medication”. And it's a way to
...to ensure the quality of the programme, that pa-
tients are adhering to the ... medication...I think it is
a critical intervention. — FDS_WC_008 {District level)

Both facility and study staff found the device easy to
learn and facility staff who had received a briefing on
the study were eager to receive the complete training to
support the study staff.

Because sometimes she (referring to study staff)
[ might not be here and it happens that she's not
here, either she is sick or she’s gone on holiday for
December. She says: “...we can show you and then
vou do this things when we are not here”. I'said: *... it
will be easy... As long as you show us, we can do that
device. - FFS_762_003

The staff described the activities of the intervention
such as issuing devices, phone calls and making home
visits as being well integrated into the TB programme.
Providers had strong support for the device for two main
reasons that we classified as subthemes in our analysis:

Subtheme 1: device as a useful reminder and early
notification tool

Most providers found the alarm that was fitted on the
device to be a useful reminder to patients to take their
treatment on time and to attend their clinic visits. The
device also alerted providers to PWTB who were not using
the device and not taking treatment.

[ feel like it assists with the real ime monitoring be-
cause now if you check on the system, you would be
able to check instead of waiting like someone wait-
ing for their appointment that is months after, you
can actually check now on the system that this person
there's no activity, let me call and you would actually
find that the person has died or maybe the person
has—is in hospital is admitted.- FSS_762_006
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So, it will help us because .. .sometimes we notice the
other patient...didn't take their medication and start
to recall all of them and then the other just default
... With the box, someone is getting ... a notifica-
tion that this person is not taking her treatment...
-FF5_524_006

However, some staff distrusted that opening of the
device meant that PWTB took their pills.

...some patients do that when they open the pill box
and ... show an adherence of 100%, but still they...
have not been taking their medications. So we would
try to motivate them, counsel them, explain the dis-
advantages of not of them not taking the medication,
-FS85_519_001

I think because you know patients always find a way
to find loopholes within the health system, so at some
point they will understand that you're recording the
opening and the closing of the box not necessarily
them actively taking the medications. So they can
easily open and close the box without really taking
the medication. - FDS_GP_008 (District level)

Subtheme 2: DCA allows for patient-centred care
Staff mentioned that they found DCA to be a positive and
unique aspect of our intervention.

So, you are no longer administering intervention for
one. You sort of trying to be specific ...to a person
and offer them care in their in their specific sort of
situations. So, I think that is a positive thing because
you don't assume everyone is the same. You don't
assume everyone's situation is the same. You under
stand that you are dealing with ... individuals. That's
.. what I think is positive about this differentiated
model of care. - MSS_732_005

... yah, I think I think the differentiated model of care
... s a very positive thing, that it works to an extent be-
cause it's nota blanket approach. You don’t, vou don’t
think of every patient as the same...you sort of attend
to each person in their context and ... try to under-
stand what they are going through. - MSS_732_005

The staff also felt that the counselling they provided as
partof the DCA helped them to understand their patients’
reasons for not taking their treatment thus allowing them
to manage them better as they supported them on their
treatment journey.

This whole approach [ feel like it'sa great initiative be-
cause it assists in managing the patient—like fully. Like
if T can say wholly, not just managing the patient, taking
the medication. You could also like... with the counsel-
ling you actually find that the problem is that the partic-
ipant is facing heyond treatment intake.- FSS_762_006

Phone calls to PWTB allowed for clarification on any
issues that may not have been clear to the patient while
at the clinic.

...he didn't understand but when I called him and 1
was speaking to him over the phone to understand
how they're taking the treatment, I find that ... yeah
there was mistake ... one of the best things about this
intervention because some of them are able to even

call me up, I don't always now have to call patients,
- MS5_732_005

Home visits allowed the staff to have better interaction
with their patients and to build trust with them making
them feel like someone cares about them.

It's not had. It's nice to do home visits. It's whereby
... you contact with the patients, know each other ...
where the patient has got the problem, it's with the ...
problem with the box or she wanted to ask me some-
thing that she forget to ask at the clinic. - FSS_522_002

... I think the participant at least get that thing when
you do home visits, or you phone them when they are
not taking the treatment they feel as if they are cared
of, someone is care is cared for me when [ am not
taking the treatment because I would get a call, or [
will get a home visit'- FSS_524_003

Some providers described DCA as more of a journey of
supporting the patients and helping build trust between
the staff and the PWTB.

... that is really good part of the intervention. I think
it ... continue to build that trust...And that support
for the patients ... so I- 1 think that was impressive. -
FDS_WC_008 (District level)

I thought it was only about the box... it's more than
them just using the box. It's their treatment journey

and being supported to adhere to the treatment and
get healed from the TB. - FSS_762_006

Major theme 2: intervention challenges within the adoption
system and broad context of SA

Some staff felt that the trust they built with the PWTB
could be threatened by human resource (HR) shortages
and a dedicated cadre was needed to ensure successful
implementation.

However, when we find at once the research study
stop and we over onto implementation, ... the con-
straints is always HR resources and at the operational
level, if that initial education isn't framed correctly.
There could be a misunderstanding about the pur-
pose of the box. - FDS_WCR_(08 (District level)

Challenges that were encountered with the device or
the network resulted in delays in the system updating that
the box was opened which staff felt created trust issues
between them and the participant.
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Now it's creating a trust issue between you and the pa-
tient, because you phoning regarding treatment that
was not taken because ... Wisepill says treatment was
not taken, while the patient on the other side did take
the medication.- FS5_516_002

HCWs reported that some patients received incorrect
SMS's due to delays in the system.

Especially when it has been a weekend and then they
will not ... send out the data of... the weekend like ...
if there were any missed or any ... intakes. Sometimes
they will show that they missed the weekend and
they did not take the medication, but in three days
down the line... the correct information will show.
That's where we will see that there were no missed
doses.- FS§_519 001

Staff also felt that that the device would not work
for some group of patients such as those who abuse
substances.

The patient that are on substance abuse, yoh! You
know, when they come here, they are ok. At a later
stage, once they've started treatment, you realise that
this patient is using substances... With those patients,
they the device- ya. It's not good. Won't- won't work.
Won't- won't help. - FFS_762_003

He took the evriMED box device and the TB meds.
That was the last time we saw him on the clinic. He
run away from home apparently. He was on drugs.
But then...he is back. He's here in the TH room. He's
got TB again. So I was asking him the other day: “are
vou still interested in joining this study?”. And he was
like: “you know what [ did with the first box? 1 sold
it.-FS88_521_001

Subtheme 1: Provider perceptions of stigma related to use of
the eviMED device and DCA

Staff perceived that some of the features of the box such
as the alarm and the size of the box may have been a
concern to some FWTB in trying to conceal their TB
status so they would opt to leave their devices behind
when travelling on holiday or going to work for fear of
disclosure of their TB status,

The thing that is common, especially in December ... an ex-
ample is person swpposed to take it at 8, they take it af § but
they ot taking it at 8 from the box... I'think they went for
holidays ... This person is taking treatment and the putiing
il... in a purse. Whereby you'll take in the morning without
ihis alarm ninging. - MSS_019_002

So some will come to us and say: “what if the pill box
doesn’t make so much noise? It will be easier for me
to carry around—or if it was a bit ... smaller, then
it will be easier for me to carry it. But now it’s big, 1
don’twant ... people seeing me like with this pill box
in the taxi or at work.- FSS_519_001

I haven't disclosed to my partner that I'm on TB med-
ication and imagine if I had to carry this box and the

box would be ringing in the morning and it would
cause unnecessary fights. - FSS_762_006

Providers perceived that stigma was more of an issue
outside the PWTB household as often they would not
disclose their TB status to members outside their homes.

So, I noticed that it’s comfortable for them to use this
box when they are at home with the people that actu-
ally know what is going on with them but when they
are going to other people that are not aware that they
are sick or anything, it seems as if they don’t want to
carry the boxes. - FSS_762_006

Staff perceived that stigma related to DCA existed in
the community and some of them witnessed the PWTE
fear of being stigmatised when conducting home visits.
PWTB would often ask staff not to wear their uniforms
when they visit their homes.

Uhm they hate it when we wear our TB MATE tshirts,
because they are saying: “due to stigma”. When we go
visit their homes, we must not wear something that
will be written ‘TB’ or 'HIV". So we wear our normal
clothes...- FS5_521_001

Then I took off my jacket, and then the participant
saw that TB MATE on my t=shirt. And then the patient
told me that I must wear my jacket because what if
someone walks in and sees the TB MATE on my t-
shirt. So [ wasn't aware that the participant didn't dis-
close... She told me that she’s got fear that—because
she will be judged because she was drinking alcohol
a lot. But now she's got TB. They will say she must go
and stay in the back room.- FS§_521_001

Staff perceived that some stigma could have been inter-

nalised and not actually experienced by PWTB.

It’s their thoughts because the person would feel like
it did not want to be seen carrying the box. Because
people will think- so he sees all their thoughts. It's not
something that really happened - FFS_732_001

But in the clinic, there wasn't really anything that
contributed to the stigma but maybe with now giving
the pill box... some of the patients would say that
maybe it's gonna show. Maybe with their ARV's they
could take it in private. Now we have them having this
pill box that is gonna ring even, that is gonna beep
and remind them to take treatment... - F85_732_005

Major theme 3: ensuring intervention sustainability through
constant training of staff and education of PWTB

Education on the intervention emerged as one of the
major themes that stakeholders and staff placed emphasis
on as a means of managing their patients in a holistic way
leading to successful treatment outcomes. Education and
training should emphasise the importance of adhering to
treatment and should be strengthened at various levels—
with the PWTB themselves, those who would be involved
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in implementation such as community health workers
and also to the community at large.

My experience was that as the community we need to
need to educate the community the importance of
complying to medication...we need to educate and
educate and educate.- FFS_019_007

But I definitely think it’s... strengthening that inter-
face between the patient and the staff... it's an im-
portant interface. And- and of course that too- the
‘how’ of- of the contact, if it is about *why you didn’t-
why you aren’t taking your treatment’ rather than say-
ing ‘how are you doing’- you know- ‘are you ok’, uhm
‘how can I help you'. When we start off with those
different conversations, it can lead to different out-
comes, - FDS_WC_008 (District level)

The staff felt that constant education and reinforce-
ment would ultimately lead to behaviour change and
treatment adherence.

I think the intervention even though we are the one
offering the intervention but we sort of gave patients
the power to understand the... reasons why they are
taking treatment, why is it important for them to...ad-
here to the treatment...we were actually able to make
patients to take their treatment journey into their
own hands ... it's almost like we were empowering
patients...- M8S_732_005

DISCUSSION
Using the Wisepill evriMED device to support adher-
ence to TH treatment appears to be a feasible option
in SA. Providers were supportive of the evriMED device
and the DCA, as they felt it had a positive impact on the
TB par.ient’s programme. Stakeholders were supportive
despite their involvement being limited to approval of
the study and providing oversight of the TB programme.

This study has shown that DATs is an innovative
approach that might improve the management of PWTDB
by allowing individual differentiated support. Early noti-
fication of missed doses from the device allowed staff to
intervene through SMS messaging and phone calls, thus
reducing the need for a home visit. This freed up time for
staff to focus on other duties. These findings are similar
to other studies where differentiated care models used
in HIV treatment delivery have addressed challenges
such as overcrowded facilities, overburdened staff and
long waiting times in countries like Uganda, Swaziland,
Mozambique and 54,7

Staff noted that the differentiated care allowed a
journey of educating and supporting PWTB. Through
adherence and motivational counselling, staff empow-
ered patients to understand the importance of adhering
to treatment and to empower them to take their treat-
ment journey into their own hands. For scale-up, the
real time monitoring feature of the device is important

50 that the correct individuals are promptly identified
for further support before they become lost to follow-up.
This also allows for the efficient utilisation of resources to
those in most need, as seen in various studies.” *! More
attention should also be given to relationship training
as the sustainability of the intervention depends on a
sound provider—patient relationship. Correct framing
of the intervention as a support tool would also help
ensure that the intervention is well perceived once scaled
up. Training needs to be constant and not once-off to
reinforce their understanding of the intervention. In a
routine TB programme setting, training of healthcare
providers could be conducted by subdistrict co-ordinators
since they visit facilities on a regular basis for monitoring
purposes.

Some challenges with the technology were cited such
as alarm malfunction, incorrectly sent SMS’s and short
battery lifespan. These challenges created distrust from
PWTB, and the device would, therefore, need to be of
the highest quality to ensure sustainability of the inter-
vention. A systematic review of DAT for the manage-
ment of TH therapy found similar feasibility challenges
remain in low-income and middle-income setu'ngs.m
Once the intervention is scaled up, the shortage of HR
could serve as a barrier to ensuring that providers receive
the correct information. For successful scale-up, some
staff recommended that a dedicated cadre should be in
place to follow up PWTB to ensure that they understand
the importance of taking treatment. However, since the
support system had reduced the need for home visits and
follow-up calls, the current TB cadres, clerical staff and
community-based teams were also seen as being suffi-
cient. Despite any challenges experienced within the
adoption system and broad context, the staff were all very
supportive of the intervention and even recommended
that it should he used for all TB and chronic patients as
well as in other facilities.

Fear of stigma and the disclosure of one’s TB status has
the potential to act as a barrier to scale up and sustain-
ability of the intervention, if not well addressed. Stigma
and fear of disclosure resulting in lower acceptance of
DAT technologies among multidrug resistant TB patients
have also been reported in India,™ with improvements
recommended on the design. Disease-related stigma may
be more difficult to address, and screening should be
used to identify upfront those patients whom stigma and
fear of disclosure may limit the use of the MERM.”

A limitation of the study was that interviews had to
be conducted virtually on Microsoft teams, due to the
COVID-19 pandemic and to allow for effective social
distancing for both the researchers and the study
providers. This new mode of conducting interviews had
sethacks such as network and connectivity challenges
which interrupted the flow of some of the interviews. The
interviewers mitigated this challenge through reiterating
what the participant had said to ensure that the correct
message had been captured. Through the consenting
process, we were able to ensure confidentiality and that
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the participant was relaxed. A second limitation is that
some of the interviews were conducted by a member of
the study management team, although this was limited to
senior stakeholders who were unlikely to feel reluctant to
freely express their views and to withhold some of their
opinions. Patients were not included in this study which is
a limitation since their views would have added a broader
understanding on feasibility. We conducted the study in
three provinces with different health service character-
istics, TH epidemiology and population characteristics
which allowed us to understand feasibility of implemen-
tation from a broader perspective. Another strength was
that the study was done in a routine setting with limited
resources and without the use of incentives to providers
to increase uptake.

CONCLUSION

DAT such as medication monitors has a huge potential
to improve TH treatment adherence. However, to ensure
successful scale-up and sustainability of the interven-
tion, the DCA should be used as a platform to constantly
educate PWTB and the community at large on Th and the
importance of adhering to treatment since technology on
its own will not solve treatment adherence issues espe-
cially those related to stigma and lack of support. Sound
communication between PWTE and providers serves as
a key tool to improving treatment outcomes thus more
attention should be given to relationship training to
ensure that the provider—patient relationships provide
the necessary support to those who need it most.
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CHAPTER 5: THE ACCEPTABILITY OF IMPLEMENTING
WISEPILL EVRIMED DEVICE AND DIFFERENTIATED
CARE FROM A PWTB PERSPECTIVE

5.1 Introduction

This was a qualitative paper that explored the PWTBs acceptability of the Wisepill eviiMED
device and the differentiated model of care. This paper has shown that Wisepill eviiMED
device and the differentiated model of care is acceptable to PWTB as it acts as a reminder to
take medication especially for those who do not have family support. More details can be

found within the paper.

5.2 Paper 2: Acceptability of using the medication monitor and experience of a differentiated
care approach for TB treatment adherence among people living with TB in South Africa
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Abstract

Background

The introduction of digital adherence technologies (DATs) such as medication monitors in
tuberculosis (TB) programmes supports treatment adherence among people with tuberculo-
sis (PWTB). We evaluated the acceptability of using medication monitors (Wisepill eviMED)
prompting a stepwise differentiated care approach (DCA), involving short message service
(SMS), phone calls, home visits and motivational counselling, among PWTB in South
Africa.

Methods

We conducted 62 in-depth interviews with participants in local languages across three prov-
inces (January—October 2020), purposively selected by treatment month, adherence his-
tory and gender. Interviews were audio recorded, transcribed verbatim and translated.
Using a deductive approach and the Theoretical Framework for Acceptability (TFA), we
explored acceptability across the sample attributes.

Results

PWTE across adherence histories showed a posttive attitude to using the eviiMED device
and receiving the DCA support. PWTEB described the SMS reminders and phone calls as
effective reminders, though home visits were less acceptable, due to perceived stigma.
Despite wilingness to participate in the intervention, the large size of the monitor and sound
ofthe alarm drew attenfion, potentially causing embarrassment and stigma. Due to per-
ceived stigma, some PWTE adapted the intervention by leaving the monitor at home after

PLOS Global Public Health | https://dol.omy/10.1371/journal. poph.0001885  October 27, 2023
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that no competing imterests exist. tributed to participants adapting their lifestyle to meet treatment adherence requirements
without using the monitor. However, the medication monitor was a tool that seemed to
prompt this personal change in behaviour. Achieving people-centered TB care, including
the introduction of DATs, will require that TB programmes incorporate PWTB insights to
maximize their use and effectiveness.

Conclusion

Introduction

The treatment success rate for drug sensitive Tuberculosis (DS-TB) in South Africa remains
concerning at 78% for new care recipients and people with TB (PWTB) that relapse [1],
whereas the global target is set at 90% [2]. Reduced treatment success rates are due to sub-opti-
mal treatment adherence, catalysed by stigma, for getfulness, lack of support from friends and
family, distance from dinics, lack of counselling and poor health worker-patient relationships
(3].

The introduction of digital adherence technologies (DATs), such as medication monitors
in TB programmes may support treatment adherence among PWTB. Medication monitors
that remind PWTB to take their medication are less resource intensive and can monitor medi-
cation dosing patterns in real time [4]. Differentiated care approach (DCA) is a person-cen-
tered approach where services are adapted to the needs of PWTE, helping to shift utilization of
resources to those who are in most need [5-7]. Medication monitors allow for efficient use of
health system resources where allocation of resources can be re-directed to those who miss
daoses by offering tailored care packages in the form of differentiated care services [8].

Nevertheless, some medication monitors are bulky and have a loud alarm which may lead
to unintentional disclosure of TB status thus interfering with adherence [9]. Despite this, one
pilot study in KwaZulu-Natal (KZN) province SA, showed that use of medication monitors
did not cause stigma or compromise confidentiality when pills were concealed [10]. The KZN
study took place over three weeks period with hospitalised drug-resistant TB ( DR-TB) individ-
uals. Little is known if the findings from that study [10] would be similar amongst out-patients
using medication monitors over a longer duration. Although, there is limited information on
effectiveness of using a DCA, PWTB perceived healthcare workers (HCW ) as supportive
when patient medication doses were monitored remotely [10].

Adoption of medication monitors relies on understanding end-user insights to refine
implementation. However, there is limited evidence on the acceptability of medication moni-
tors when combined with a DCA in PWTB. A formative study from Uganda where 35 PWTB
were interviewed to elicit perceptions of using electronic monitors feelings about monitoring
medication intake using a medication monitor (Wisepill device) and receiving SMS reminders
supported acceptability. Real-time adherence interventions could potentially provide accept-
able approaches to remind and motivate PWTB to take medication regularly. However, find-
ings were limited since participants were asked about their perceptions before they could use
the intervention in real life [11]. The care package in this study was limited to only SMS
reminders.

PLOS Global Public Health | hitps://doi.or/10.1371/journal. poph.0001885  October 27, 2023 2/12
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Table 1. Interventions.

As little is known about the lived experiences of end-users of DATs and DCA in PWTB, we
evaluated the acceptability of using medication monitors (Wisepill eviiMED 1000 device)
prompting a DCA. The DCA involved short message service (SMS), phone calls home visits
and motivational counselling, among PWTBin South Africa. This evaluation was conducted
as part of the TE Monitoring Adherence to Treatment Endpoints (TB MATE) study.

Methods

Study design and study setting

Thisexploratory qualitative study was nested within a cluster-randomized trial (CRT) imple-
mented in 18 clinics across three provinces of South Africa: Gauteng (Ekurhuleni district);
Western Cape (Klipfontein and Mitchell's Plain districts); and Kwa- Zuhu Natal (e Thekwini
district) [8]. In the intervention arm of the CRT, partidpants received medication monitors
with daily timed alarms and lights serving as reminders to take their medication incorporating
a DCA in response to missed doses identified from a central database [8]. The alarm time was
configured at enrolment as per the participants preference, but the alarm’s volume and light
intensity could not be adjusted. The DCA was implemented in a progressive manner depend-
ing on the number of dosesa participant missed [8]. If one dose was missed, then a SMS
reminder was sent to the participant [8]. If a second or third dose was missed, then study staff
contacted participants telephonically; a home visit was conducted when the fourth dose was
missed to provide motivational counselling [8]. An additional light on the medication monitor
served as a reminder for monthly dispensing visits [8].

Site selection

The qualitative study took place in the nine intervention dinics, three in each province. Clinics
were selected based on location, HIV prevalence and total number of PWTB starting TB treat-
ment per month (8], Adult HIV prevalence in the general population is 125% in Gauteng,
8.9% in Western Cape and 18.2% in Kwa-Zulu Natal province, according to the 2017 National
HIV Prevalence, Incidence, Behaviour and Communication Survey [8,12].

Study population

The study population included men and women that were enrolled in the CRT, had drug sensi-
tive TB disease and who are initiated on TB treatment, aged 18 years and older, and fell info
adherence categories (green, orange or red). Those in the green category received an SMS,
orange category received a phone call while those in the red category had received a home visit
(Table 1). Participants were purposively selected by treatment month, gender and weekly adher-
ence history for equal distribution across these attributes to ensure variation in the responses.

Conceptual framework and themes explored

Weused the Technology Acceptance Model (TAM) [9] to develop an in-depth interview (IDI)
guide that explored the following themes: (i) level of satisfaction with activities related to the

Weekly Adherence ‘Weekdy Doses missed Adherence category Intervention

85% 1 Gireen Same day SMS reminder (automated)

45-B4% Zord Orange Phone call by nurse or counsellor

<45% 4 or mare Red Home visit and/or clinic visit

Gireater than one week with 4 or more missed doses Recall for other adherence measures e.g. motivational counseling.

https: /i oiorg/10.1:371/journal

h0001885.t001
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Affective Intervention Opportunity Perceived Self-
attitude Furdsn Rhicalty Conerence Costs Effsctivensss efficacy
Prospective aceeptability Concurrent acceptability Retrospeetive acceptability

Fig 1. Theoretical Framework of acceptability (Sekhon ot al 2017 [13]).

hittps: /i oiorg/10. 1371 fournal. pop h.000 1885.6001

differentiated model of care and use of the medication monitor technology; (ii) feelings and
attitude toward use of the technology; (iii) reasons for accidental opening of the monitor (iv)
ease of the use of the monitor; {v) perception and experience of receiving SMS's, home visits
and motivational counselling; (vi) stigma; (vii) cultural or other barriers to uptake of the differ-
entiated model of care. Using the Theoretical Framework for Acceptability (TFA) [13] shown
in Fig | below, we explored prospective, concurrent, and retrospective acceptability { before,
during, and after the intervention) across the sample attributes. We used two models as the
emergence of inductive codes meant that the TAM was not adequate, and these codes would
be best summarised using the TFA.

Data collection

From January to February 2020, we piloted the DI guide with six participants, two males from
the green category, two females from the orange category and one female and one male from the
red category. Interviews were conducted face-to-face ata private area within the dinic and the
data was induded in the analysis. Minor adjustments were made to the initial guide to include
additional background demographic questions. Data collection continued between July and Octo-
ber 2020, Each interview took 45-90 minutes. All interviews were conducted in the preferred
local language of the participant by a male or female research assistant with qualitative training
and experience who was accompanied by a note taker (either male or female). The researchers did
not establish a prior relationship with the participant, though they carefully explained the infor-
mation sheet enabling them to understand the reasons for the study. The interviews were digitally
recorded following consent and transcribed verbatim by trained research assistants, The tran-
scripts were not refurned to the participant for comment or correction. Only the participant,
interviewer and note taker were present during the interviews. Limited authorised staff and study
investigators had access to information that could identify individual participants during or after
data collection. Saturaion was assessed during data collection through debrief sessions with data
collectors, by asking the same question in different ways and reviewing a sample of the recordings
until no new information emerged. No repeat interviews were carried out.

Data analysis
Weused thematic analysis induding deductive and inductive approaches [14,15]. At least 10%
of the transcripts were coded by two independent researchers (BA and RM) to reduce bias and
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Table 2. Characteristics of study particdpants.

improve reliability [14]. A codebook of emerging themes was developed, guided by the frame-
work on the “Theoretical Framework for Acceptability’ [13]. Where there was no inter-rater
agreement, the theme was dropped [14]. The final codebook was used to code the remaining
transcripts and any new codes that emerged were included. MAXQDA qualitative software
was used for the coding process. We present the major themes that emerged and use support-
ive direct quotations from participants. Participants did not provide feedback on the findings.

Ethics approval and participant consent

The parent study received ethics approval from the three district and provindal ethics commit-
tees where the trial sites were located. This qualitative study was approved by the Human
Research Ethics Committee (HREC) of the University of Witwatersrand (Ref 180705) and the
University of Cape Town (Ref 452/2018). We obtained written informed consent for study
participation and permission for digital recording from all partidpants. Participants were
reimbursed for their time and transport related to the interview.

Results

We selected 85 PWTB, and 62 were interviewed. Twenty-three 23 PWTB either declined to
participate (n = 6), could not be reached (n = 12) or were not fit to participate (n = 5). Out of
the 62 interviews conducted, we analysed 61 in total across 3 provinces. One interview was
exduded from the analysis since the participant was below 18 years and did not meet the inclu-
sion criteria. Across the three provinces, majority (55.74% ) of the PWTB were male (n = 34).
Table 2 below shows the distribution of the treatment month and the adherence categories.

Major themes that emerged on the use of the monitor and the DCA that aligned to the TFS
framework constructs [12] included: (1) positive attitude towards using the medication moni-
tor and receiving the DCA support; (2) burden and adaptability to the medication monitor;
(3) intervention coherence and self-efficacy; and (4) perceived effectiveness of the
intervention.

Major Theme 1: Positive attitude towards using the medication monitor
and receiving the DCA support

PWTB across adherence categories showed a positive attitude towards using the monitor and
receiving the DCA support. The quotations below show that phone calls and SMSs were well
accepted as PWTB felt that providers cared for their health.

“There is nothing I don’t like about the box. I like this box a lot because it helped me a lot, if it
wasn't for it, [ don’t think I would be here today."-Female, 23 years, Gauteng, Orange
category

Ganteng (n = 20) EwaZulo-Natal (n = 21) Western Cape (n=20)
Female 9 [(45%) 6(29%) 12 (60%)
Treatment month < 2months 2(10%) 4(19%) 5(25%)
Treatment month «2-6 months 18(90%) 17 (81%) 15(75%)
Adherence category
+ Missed 1 dose a week (Green) 5125%) 13 (62%) T(35%)
« Missed 2 or 3 doses a week (Orange) B (40%) 6(29%) 7(35%)
« Missed 4 or more dosesa week (Red) 7 135%) 2(10%) 6 (30%)
hittps:/doiorg'10.1:37 1/journal. poph.000 18851002
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“Iliked being called and being sent SMSs and it might happen that you have forgotten to take
your pills and you'd be reminded by being called and asked why you didn’t open the box. . .
Then you will go take your pills and remember that you had not opened the box."—Female,
37 years, KwaZulu-Natal, Orange category

“It felt good knowing that there were people who cared for me and were looking out for my
health besides my family."—Male, 36 years, Western Cape, Red category

However, few PWTE were upset due to the timing of the text message and home visits espe-

cially among those who perceived stigma by their neighbours.

“Idon’t want to lie. I didn't like those SMSs. They irritated me because I had taken them at 9.
You've opened it [referring to the medication monitor| and took pills, then closed it."-Female,
25 years, Western Cape, Green category

“It [referring to home visits| made me to be feel shy. It made me think as if they are gossiping
about me or all things of sort that was what [ was thinking."-Male, 18 years, KwaZulu-
Natal, Orange category

Major Theme 2: Burden and adaptability to the medication monitor

Some PWTB did not like the monitor alarm and made alternate arrangements to take their
medication as described in the quotations below.

“In the first week I was using this box. . . when I am on the way or [ am in a taxi and it rings
at 09:00, I would be embarrassed. I would open and close it. The person sitting next to me
would be alarmed by what is ringing in this persons’ bag."-Male, 37 years, Western Cape,
Red category

“It is just that it once happened that.. . it went off in their [referring to friends] presence, they did
not have a problem with the noise, it was not that annoying, it's just that I did not want them fo
know that I take freatment for TB."-Male, 30 years, KwaZulu-Natal, Green category

“I'will not take it wherever I go. When I am visiting a relative to sleep there and come back
tomarrow, I leave the box at home. I will not go around with the box. The one who is at home
1 tell him that when the box ring at 09:00 open it and close. They do what I tell them to, it is
like I am with them. When I open it and close it, it has recorded that I have taken my medica-
tion.”-Male, 67 years, KwaZulu-Natal, Green category

There were mixed views on features of the medication monitor described by the quotations

below.

“So the only thing I don’t like about it is that it's not very mobile neh so it's like if I have like
somewhere to go to. . .and I don’t need anything else besides my phone, my phone is this size,
the bag I'm carrying is literally that size as well. .. I don't have enough space so the only prob-
lem I have with it is, I can’t carry on with it everywhere I go, it’s big."—Female, 21 years,
KwaZulu-Natal, Orange category

However, some PWTB had no concerns with the loud alarm and large size of the monitor

“No, I am not bothered as to what people have to say because it is for my health and they will
always talk and that is all they can do, talk.”-Male, 25 years, Western Cape, Orange category
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“This is my life,  can’t hide this box or hide my medication because I'm around people at
work, visiting relatives or anywhere.”-Male, 31 years, Gauteng, Red category

Major Theme 3: Intervention coherence and self-efficacy

Most participants understood the intervention, how it worked, and were able to describe the
meaning of the lights fitted on the monitor. The participants described the monitor as a
—"smart box", “alert box", "lunch box", "amazing’, "container” (because of its large size),

“piano” or “big phone” (because it rings).

“Talso call it lunch box. I say “give me my lunch box, I want to take my medication.”
-Female, 33 years, Gauteng, Red category

“This box really helps because when it is time to take your medication, it reminds you and you
also decide that you are too scared that it might alert the clinic that you did nat open the

box or whatever. It was one of the things that I was personally afraid [mindful] of "-Male, 37
years, Western Cape, Red category

“You just tell yourself: “you know what? Let me just drink my medication and. . Twill. . . live
a healthier life. So that's what I want”.-Male, 37 years, Gauteng, Green category

Even though some participants felt like they were being watched, the monitor helped these
participants adhere to treatment.

“This box helps me. I don’t go out without taking my medication. This box must ring first
before I go out. It must ring first before I go out."-Male, 49 years, Gauteng, Orange category

“Inever felt [found] ashamed or my TB situation whatsoever because I also get support I also
know that. . .as long as I follow instructions from the clinic about medication so they always
support me by calling me that's the support I get from the clinic.”

-Male, 43 years, Gaufeng, Orange category

The participants understood that if they did not take their medication, then an SMS, phone
call and home visit would follow.

“What I see, if I forget to take the pills, at the clinic they call, they send me an SMS reminding
me. If they see that I haven't taken them the nexi day they call."~Female, 37 years, Kwa-

Zulu-Natal, Green category
“Na, I was told that if I do not take my medication once or twice that they will send me a mes-

sage. If I do not take it after that then they will give me a call or come to my house.”-Male, 25
years, Western Cape, Orange category

The PWTR felt confident that they could perform the behaviors required to participate in
the intervention and they showed willingness to participate due to the perceived benefits.

“T'was then asked if I would not have any issues if I used this box. I said, no I would not have
a problem because it would help me in the long run."-Male, 37 years, Western Cape, Red

category
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Major Theme 4: Perceived effectiveness of the intervention

PWTB accepted the intervention due to their desire to get healed and not spread TB to close
contacts, as supported by the quotations below.

“Eeh because I wanted to get healed and I didn't want TB fo have more powers and even peo-
ple I stayed with get infected."~Female, 48 years, Gauteng, Orange category

“At first, I was quite surprised. I wondered why they would give me a box instead of just the
treatment, but after being fold about its purpose, I realized it would be helpful and my family
was supportive about it at home."-Male, 36 years, Western Cape, Red category

.. I can feel that I am better than before, I was sick but now I can feel that I am getting better
I can walk which means the box is working."-Male, 36 years, KwaZulu-Natal, Green

category

It was apparent that PWTB placed high value on the monitor, with some using it as a safe
storage not only for their TB medication but also for other personal valuable items.

“Tam imp- impressed for having the box in such a way that, I even place my LD [referring to
identification document] inside and my other valuable items everything."~Female, 19 years,

KwaZulu-Natal, Green category

Even those who were in the red adherence category and had missed a few doses still appre-
ciated the technology and the additional reminders from the SMS notifications.

“Tdon't know how it notify them but I feel that they are able to find out in some way. If my
box didn’t ring they are able to see that I'm not taking my medication correctly, this box is a
proof that am I doing the right thing by taking my medication.”-Male, 31 years, Gauteng,

Red category

“But the SMS. . .because as I might add that I am always with my phone. When it says “ti-ti"
it just means something, I say “oh” so fast and immediately I remember.”

-Male, 30 years, KwaZulu-Natal, Green category

Home visits were viewed by some PWTE as being beneficial not only to themselves but also
to the entire family. The desire to share the benefits of the intervention was also seen through
PWTB who recommended friends and family with symptoms of TB to ask for the monitor at
the clinic, if they received a TB diagnosis.

“Tdon’t mind them [HCWs| coming home because it's not just me who benefit, my family
benefits as well."~Female, 37 years, KwaZulu-Natal, Green category

“All T can tell him/her is that they must go to the clinic and find out if he/she has TB and ask
for the box. This box will help him/her remember histher dates and will also help her keep his/
her pills safe, undamaged and not lost."~Female, 37 years, KwaZulu-Natal, Green category

Discussion

Our study found that the use of medication monitors (Wisepill evriMED 1000 device) with a
differentiated care approach (DCA), was acceptable among PWTB. Through the four major

PLOS Global Public Health | https ://doi.or/10.1371/journal.paph.0001885 - October 27, 2023 B/12



PLOS GLOBAL PUBLIC HEALTH Acceptability of using the medication monitor and a differentiated care approach

themes which emerged from our study, we found that PWTB had a positive attitude to both
the monitor and the DCA. They appreciated the reminders, sodal support and assistance with
accepting their TB diagnosis. This finding is similar to the study from Kwa Zulu-Natal where
participants reported positive experiences from using the electronic pillbox [10]. Likewise, the
formative study done in Uganda found that the medication monitor, an earlier version of
Wisepill device, was acceptable and participants felt that being monitored enabled them to
demonstrate their commitment to adherence [11].

However, we found that some people felt burdened by the idea of moving around with the
monitor due to the alarm sound and size which could lead to disclosure of their TB status. A
similar finding was seen in India amongst Multidrug-resistant TB (MDR-TB) patients using a
similar medication monitor (the Medication Event Reminder Monitor—MERM) where lower
acceptance of the medication monitor was related to its large size causing difficulties in porta-
bility and storage [16]. The PWTB in India also removed the medication from their device to
avoid any stigma and discrimination when moving around [16]; and recommendations sug-
gested that future improvements to the design of the medication monitor could improve the
consistent use of the medication monitor [16]. Optimizing the design of the medication moni-
tor is a recommendation that has also been dted as a means to improving acceptability in ear-
lier versions of the MERM that were used to improve adherence to antiretroviral therapy
(ART) [17]. Various design options related to the monitor’s size and alarm should be consid-
ered based on the preferences of different groups of FWTB such as those who are homebound,
travellers, stigmatized etc.

We found that PWTE in our study had good intervention coherence and self-efficacy as
they understood how the monitor worked and what to expect if they did not open it upon the
alarm ringing. Most of the partidpants found the monitor easy to use and felt that they should
“obey the rules’ not only out of fear that the provider was watching them but also because they
were keen to live a healthier life. They felt confident to perform the required actions and found
the monitor and DCA effective in helping them adhere to treatment. This finding is different
from the study donein India where PWTB had incorrect understanding of the MERM due to
sub-optimal counselling which may have led to incorrect use of the medication monitor [16].
However, a recent meta-analysis of a survey conducted in sx countries showed that PWTB
had a favourable impression of their capability touse DAT (including Wisepill evriMED in
Ukraine and South Africa) which was facilitated by knowledge that the DAT was a tool to help
PWTB remember to take their medication and improve their adherence [18].

Onur study fills an important gap in the literature that assessed the acceptability of the DCA
among outpatients. Since the studies from KwaZulu-Natal [10], Uganda [11] and India [L6]
did not assess DCA, this is a novel finding to our study. Another strength is that our study had
alarge sample size of 61 interviews and was carried out in three geographically and culturally
diverse provinces of South Africa which makes the generalizability high for South Africa.
Additionally, the PWTB were interviewed in various months of treatment and were receiving
treatment as outpatients which gives us insight into their lived experiences.

Our study did have some limitations. The study evaluated the implementation of the medi-
cation monitor within a trial, which, although conducted at routine primary care clinics, was
supported by research staff which may have led to an improved experience by the partidpants.
Practical parts of the intervention were that we did not offer the participants any incentives for
using the monitors and most home visits were conducted by outreach teams that routinely
workin the communities. In the routine setting, home visits are usnally conducted by Ward
Based Outreach Teams (WBOTS) where the clinic-based TB nurse gives the WBOTs a list of
PWTE who have missed their clinic appointments and need to be traced [19]. Given that there
is no way of finding out whether the PWTB is still taking their treatment, consideration should
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be given to integrate aspects of our intervention such as the medication monitor, SMSs and
phone calls into the National TB program (NTF) as initial steps to reminding FWTB to take
their treatment before WBOTs embark on home visits.

Conclusion

This study gives us an understanding of the experiences of persons with TB using medication
monitors and DCA. Achieving people-centred TB care, including the introduction of DATs
and DCA, will require that TB programmes incorporate patient insights to maximize their
adoption and effectiveness. Features of the monitor such as size and the alarm which PWTB
felt drew attention to their TB status, potentially causing embarrassment and stigma, would
need to be addressed before scale-up as they may serve as a barrier to acceptability. It seems
the home visits were also not particularly well received and further examination is needed to
determine whether these were beneficial. A key highlight from our study is that despite some
challenges most PWTB found the medication monitors and DCA as acceptable approaches to
supporting medication adherence.
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CHAPTER 6: THE COST-EFFECTIVENESS OF THE
INTERVENTION FROM A SOCIETAL PERSPECTIVE

6.1 Introduction

This was a quantitative paper that showed the costs of implementing the Wisepill eviiMED
device and the differentiated model of care from three perspectives: PWTB, health system
and societal. The paper discusses various ways in which the costs can be reduced and also
highlights that medication monitors and DCA can be considered a cost-effective option for
scale-up given that the intervention had a significant impact on adherence. Further details are

provided within the paper.

6.2 Paper 3: Cost-Effectiveness Analysis of implementing Wisepill evriMED device and
differentiated care approach in South Africa
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Ahstract

Background

Digital Adherence Technologies (DATSs), with a Differentiated Care Approach (DCA), may
mmprove adherence to tuberculosis (TB) treatment. Within the TB Monitoring and Adherence
Endpoints pragmatic closter-randomused trial, we evaluated the cost-effectiveness of using a
medication monitor (Wisepill eviMED 1000 device) to inform a DCA mvolving text

messages, phone calls and home visits in three provinees of South Afnea
Methods

We conducted a cost-effectiveness analysis from a societal perspective at six chinics, one
ntervention and one standard of care (SoC) clinic per province (June 2019-Angust 2020).
Health system costs were collected using a bottom-up activity-based costing approach
mvolving time and motion studies. People with TB (PWTB) were interviewed on costs
related to accessing the intervention. Adherence was measured using patients =80%
adherence overall. Unit costs were calculated as cost per patient treated for TB while
meremental cost-effectiveness ratio (ICER) was calculated as cost per additional adherent
PWTIB.

BResults

With 1278 PWTB o the mtervention arm and 1306 PWTB i the SoC arm, effectiveness was
81% and 30.8% in the intervention and SoC arms respectively. The total cost per patient
treated for TB was $103.93 - $199.87 (intervention) and $44.89 - $131.22 (SoC), resulting in
a societal incremental cost of $49.73. Patient costs were $38 98 - $117 94 per patient
(intervention) and $35.92 - $91.94 per patient (SoC) with indirect costs (foregone income)
contributing to a large propertion of total costs at three intervention (36.7% - 69.8%) and two

SoC (69% and 77 4%) clinics. The ICER was $166.33.
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Conclusion

The cost of achieving an additional adherent PWTDB was estimated at $166.33. and DCA can
be considered a cost-effective option for scale-up if we negotiate a lower cost for monitors

with manufacturers and ensure re-use of the devices, helping reduce health systems costs.
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Introduction

Globally, evidence on Digital Adherence Technologies (DATS) on improving adherence to
Tuberculosis (TB) treatment on a large scale is increasing, as redocing missed doses 15
becoming an important determinant of treatment completion and post-treatment relapse [1]. .
A recent systematic review looking at the impact of DATS on health outcomes showed that
overall, the use of DATs was associated with more frequent treatment success in TB disease
(OR=1.18[1.06, 1.33] and a decrease in loss to follow up (OF.=0.71 [0.33, 0.94][2]. A
modelling study done m India showed that new DATs reduced missed doses and decreased
TB incidence by 12% [1]. These authors acknowledged that cost and cost-effectiveness

analysis of DATs would be important [1].

As evidence on effectiveness of DATs 15 increasing, there is stll imited evidence on their
costs and cost-effectiveness which makes it difficult to include them in policy and planning
decisions in national TB control programmes [3, 4]. Cost analysis may guide which DAT to
priomtize or which populations to priontize to allow for scarce resources to be utilised
efficiently. Large costing studies on DATs have been conducted m China and Ethoopia: large
randomized controlled trials measured effectiveness and cost-effectiveness of nsing a
medication monitor fo improve clinical outcomes amongst people with dmg-sensitive TB
(D5-TB}) [5-7]. The study done in China found that reminders reduced non-adherence by 37-
64% in the ntervention group compared with the control group [5]. In a setting in China
where DATSs were not being used to support treatment monitoring, total treatment costs tend
to be high due to long travel time for home visits by health staff for treatment supervision
often leading to non-adherence in the long-term [8]. Thus both treatment support and
fmancial support are key to improving adherence to treatment for people with D5-TB who
have high total treatment costs (defined as direct costs of self-paid TB dmgs, liver protecting
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and cough remission drogs, travelling and accommodation)}[8. 9]. However, the health system
in China is organised differently from South Africa and other African countries which may
have an mfluence on the costs of implementation and thms the results are not easily

generalizable across different settings.

Other DATS that have been evaluated inchude 99D0TS which uses a medication blister pack
that reveals a unigue toll-free phone number when people with TB (PWTE) remove pills
[10]. PWTB call the mumber, and an automated system records their dose confirmation in
real-time [10]. A cost-effectiveness study done in Uganda on 99DOTS found the incremental
cost-effectiveness was $353 per mcremental treatment success and the intervention was
found to be effective in the per-protocol population where 32% of PWTE enrclled on
99D0Ts contributed to analysis giving an adjusted OF. for successful treatment cutcome of
2.9 (95% CI 1.6-5.3) versus the control phase [11]. The study found that if sustained over a 3-

year period and sealed up, 99DOTS can be a cost-effective option for TB treatment

adherence support in high TB burden settings like Ugzanda [11].

The gaps in DAT research in South Africa include hmited evidence on costs and other
mmportant factors that may mfluence suceessfil implementation: To the best of our
knowledze, few costing stadies on DATS use have been condncted in South Africa [12-14].
One study done in the Northern Cape Provinee of South Africa on digital pillboxes showed
cost savings from reduced TB treatment faitore [12]. However, this study was not sufficient
to Inform broader consideration across South Africa since it was designed as a cost-
minimization analysis using data from a small-scale pilot. Another important gap that other

authors have highlighted is the need to understand the economac burden that “free”™ TB care
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places on PWTB through non-medical direct costs such as transportation to clinic visits and

which DATs has the potential to address through reduced clinic visits [13].

Given the gap in evidence, we undertook this costing study within the larger parent study
known as TB Monitoring and Adherence Endpomts (TB MATE) [14], a cluster-randomized
tnial evaluating medication monitors for improving TB adherence in people with dmug-
sensitive TB. The objective of this costing study was to understand the costs and cost-
effectiveness from the societal perspective of implementing the medication monitors and
differentiated care approach in South Africa. This study will contibute to policy decisions on

large-scale implementation of DATs in Scuth Africa and other resource-limited settimgs.
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Methods

Setting and results for the primary outcome of the trial

The TB MATE cluster-randomised tnal evaluated whether the implementation of a
medication monitor (Wisepill eviiMED 1000 device, available at hitps:/'www wisepill com),
coupled with weekly momitormg and differentiated care, could improve adherence, reduce
poor treatment cutcomes and recurrence m people undergomg DS-TE treatment [14]. The
tnal was implemented in 18 primary health climies; six clinies in each of the three provinces
of South Affica, Gauteng (Elurhulem district), Western Cape (Klipfontein and Mitchell’s
Plamn districts) and Ewa-Zulu Natal (eThekwim distnict) [14]. Chmcs were randomised 1:1 to
the DAT intervention or SoC. Adults and children =2 years old with clinically or
microbiologically diagnosed drug-sensitive TB and had mitiated TB treatment within the last
14 days were eligible for enrolment. At intervention clinics, participants were provided with a
medication monitor and a differentiated care approach (DCA) was implemented. In the SoC
clinics, participants received a silent monitor to measure adherence with data not available to
the care providers and received treatment using the routine approach. The intervention was
moplemented by TB nurses at each clinic and research study staff (“study staff” thereafter)
from the implementing partners (Aurum Institute, Johannesburg; University of Cape Town,
Cape Town; Interactive Research and Development, Durban).

The primary outcome of the trial was a binary outcome of having =80%: adherence, measured
using daily data from the monitor, with a monitor opening as a proxy for treatment
adherence. The geometric means across clusters for the percentage of PWTB satisfying the
primary outcome was §1.0% (1056/1306) and 50.8% (650/1278) in the intervention and SoC

amms respectively, giving an adjusted nsk mfio of 1.5 (95% confidence interval 1.4-1.7,
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Data collection and analysis of patient costs

As part of the main trial, participants enrolled at each of the 18 clinics (a total of 2610
participants) were interviewed at baseline where their demographic information was
collected A sub-sample of these participants from 6 clinics were then mterviewed by a
trained research assistant at the end of each treatment phase_ At each clinic, we used random
sampling to selact 55 participants in each treatment phase. The interviews were conducted at
the month 2 visit (end of intensive phase) so as to capture the pre-treatment costs and around
the 6-month follow-up visit (end of continuation phase) by use of a questionnaire. A sub-
sample. randomly selected, was used due to resource constramts. The questionnaire was
adapted from the EEACH (Fesearching Equity in Access to Healtheare) project that was a
mmlti-centre study that estimated the true costs of health care utilization for PWTB receiving
“free” HIV/TB care and treatment in rural KwaZulu-Natal [22] and the World Health
Organisation TB Patient Cost Survey [23]. Patient costs were calculated in both trial arms
across vanous categories such as utilization of services and affordability of health care [22].

The gquestionnaire was piloted on a few participants before the official data collection began.

Economic costs were measured where both direct and indirect costs related to the PWTB
accessing the intervention were assessed. Direct medical costs included drgs, lab tests etc.
while direct non-medical costs mecluded childeare, overnight accommodation, food during
visit etc. Indirect costs were assessed through questions on travel time, waiting time, personal
and household income, losses incurred by the PWTE as a result of illness such as days off
work, lost wages and financial coping strategies such as loans. All data was entered into a
database created in REDCap. Data were exported from REDCap into STATA (version 14,
StataCorp LP, College Station, Texas) for analysis. Direct and indirect costs were

summarised by way of means and standard deviations for normally distributed data_
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Description of the interventions

In the intervention arm, enrolled FWTB received standard patient education and a medication
momitor (Wisepill 1000 evriMED device) programmed to alert them, using audio and visual
reminders. to take their medication daily and return to the clinic monthly for medication
refills [14]. The DCA imvolved automated SMS reminders which were sent to FIWTE with a
missed dose, based on the proxy of the medication monitor not being opened [14]. A second
or third missed dose in a week tnggered a study staff-initiated phone call to the PWTB. and
four or more missed doses in a week triggered a home visit by study staff [14]. When PWTE
adherence data and discussed their medication adherence history which was available in real
time [14]. The study staff who implemented the intervention were trained Fesearch
Assistants (F.As) with a high school qualification or a bachelor’s degree working for the

PWIB inthe SoC amm received the standard patient education and medication monitor but it
was not configured to have visual or audio reminders for pill intake or refills [14]. Medication
momiter use data collected on the system were not reviewed by study staff duning follow-up

study visits though PWTB received counselling regarding their TB treatment as per SoC [14].

Fig 1: TB MATE Intervention. Differentiated Care Approach.

Comparators

The costing study compared the costs of implementing the medication monitor and DICA in
the intervention arm versus implementing routine care (SoC arm). Routine care did include
participants using a monitor in silent mode to enable adherence to be measured; the cost of
the medication monitor was removed from this group.
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Data collection and analysis of patient costs

A sub-sample of the main tnal participants from the six climes was interviewed by a tramed
research assistant at the end of each treatment phase. At each climic, we selected 55
participants in each treatment phase by means of random sampling where we approached
every second participant and invited them to parficipate in the survey. The interviews were
conducted at the month 2 visit (end of intensive phase) so as to capture the pre-treatment
costs and around the 6-month follow-up visit (end of contimuation phase) by use of a
questionnaire. A sub-sample per clinic was used due to resource constraints. The
questionnaire was adapted from the EEACH (Researching Equity in Access to Healthcare)
project, a multi-centre study that estimated the true costs of health care utilization for PWTEB
receiving ‘free’ HIV/TB care and treatment in rural EwaZulu-Natal [16] and the World
Health Organisation TB Patient Cost Survey [17]. Patient costs were calculated in both trial
arms acToss varous categonies such as utilization of services and affordability of health care
[16]. The questicnmaire was piloted on a few participants before the official data collection

began.

Economic costs were measured using both direct and indirect costs related to the PWTB
accessing the intervention. Direct medical costs included medicines and clinic fees while
direct non-medical costs included childeare, ovemnight accommodation and food during visit.
Indirect costs were assessed through questions on travel time, waiting time, personal and
household income, losses incurred by the PWTE as a result of illness such as days off work,
lost wages and financial coping strategies such as loans. Data were entered into a REDCap
database and imported into STATA (version 14, StataCorp LP, College Station. Texas) for
analysis. Direct and mdirect costs were summansed by way of means and standard deviations

for normally distnibuted data.
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Data collection of health svstem costs

Health system costs were collected between June 2019 - August 2020 using a bottom-up
activity-based costing approach. As part of this approach, a ime and motion stady was
conducted at the elinic level where providers were directly observed consulting with FWTB
at their various monthly clinic visits. We performed a minimmm of 10 cross-sectional
observations of the TB murse and the study staff for the enrolment visit and at each of the
monthly visits (that occurred over the six-month treatment period) with a total of 70
observations per clinic. We conducted another 10 observations for home visits in each of the
three mtervention sites. Study staff were also mterviewed on activities that were not possible
to observe by the researchers such as generating automated reports from the Wisepill website,
calling the PWTE or tracing the participants to complete a home visit and conducting home
visits. For the inftervention arm, as this was how the intervention was implemented m the

project, we assume a single use per monitor.

We excluded any time spent on research activities from the costs calculated. The costs of
drgs and laboratory tests were not caleulated as these were not part of the intervention and
were the same in both arms. In addition, at SoC sites, the cost of the medication momitor, the
platform hosting the data on monitor nse by the PWTB and DATSs training were excluded as
these were only given for adherence measurement as part of research activities and would not
normally be implemented as SoC. Financial data needed for costing the intervention
ncluding salaries of the implementing study staff obtained from financial records kept at the
mplementing partners’ offices. Department of Health murse's salanies for clime staff were
estimated from a public portal. Data on the prices of supplies and equipment were obtamed
from inveices for those items purchased by the project. We only inclnded visit data for those

vasits that took place m person with the stody staff. If the study staff member nussed the
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participant when they came to the clinic and then later called them for a telephonic visit, then

that visit was not included.

Data analysis of health system costs

Health system costs were analysed and reported according to intemationally accepted
standards where the cost per person with TB and incremental costs of using the evniMED
device and differentiated care approach as compared with the current SoC n South Africa
were measured within each provinee [18]. Shared costs such as data management support
from the implementing partners were allocated to PYWTE using the propertion of PWTB
enrolled at the intervention site to the overall enrolment at all mtervention sites. Capital costs
of imputs lasting longer than 12 months such as training and equipment were annualised over
3 years using a discount rate of 3% [19]. We assumed that the monitor was used once in the
baseline scenario. A sensifivity analysis was conducted by altening the values of key vanables
where we assumed the following; (1) the monitor was re-used three times; (ii) adherence
monitormg was done by a TB nurse instead of a research assistant, as this was the cadre of
staff more hikely to implement in routine practice; (i) the Wisepill platform hosting for
153,000 PWTB Le. the total population treated for DS-TB in South Afriea (180,000) [20] and
allowing for 85% uptake.

Societal costs and Cost-Effectiveness Analysis

For each arm the mean cost to the patient was added to the mean cost to the health system to
obtain the average societal cost. The primary cutcome was reported as cost per additional
adherent PWTB.

To calculate the Incremental Cost-Effectiveness Ratio (ICER), the average societal cost was

mmultiplied by the study population resultimg in the total costs for each arm The difference in
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total costs by study arm was divided by the difference in the percentage with the primary
outcome (binary cutcome of having =80% adherence) by study arm. The ICER. for every
additional patient with =80% adherence was compared to other interventions. This was used
to guide the decision on implementation beyond the trial period since no locally relevant
threshold exists for SA. All costs were converted from SA Rand (ZAE) to the 2020 United

States Diollar (UUSDY) for ease of intemational comparison using 1 USD = 16.46 SA Band [15].

Eesults

Table 1 highlights the demographic charactenistics of the 369 participants who took part in
the patient costing survey mn the six clinics. Most of the participants were male (36.1% —
T1.8% across clinics), mean age overall was 368 years (33 - 40 years by clinic), the majority
of the participants were black Afncan at 97.6% (93.6% - 100%), unemployed at 54.84%
(52.6% - 77.5%), and never mamed/single at 64.9% (31.6% - 94.7%:). The head of household
(HHH) was more likely to be female in KwaZulu-Natal (55.3% and 63.8%:) and Westem

Cape (52.4% and 60.3%) versus Gauteng (35.2% and 29.5%) provinces.

Table 2 shows the patient costs that PWTE experienced during treatment. Mean total patient
costs ranged from $38.98 - $117 94 per patient in three intervention clinics and $35.92 -

$91 .94 per patient in three SoC clinics. In five sites the largest contributor to patient costs
were indirect costs (foregone income) where 56.7% - 77.4% of total costs were indirect. In
the sixth site where direct non-medical costs were the largest contnbutor to patient costs, this

was mostly dnven by the cost of special food (38.1%) purchased during treatment.

The mean number of visits per parficipant over the six-month treatment penod were between

1.6 - 3.5 wizits across the clinies (table 3). This resulted in clinie costs ranging between
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$8.97-§39 28 per patient in the SoC arm and $64.95-$81.93 per patient in the intervention

arm (table 5).

The largest drivers of the incremental cost to the health system (table 5) were the medication
monitors and accessories (battery, modules and dispenser SIM card) at $24.38 (57%), data
management support at $7.41 (17%), Wisepill platform hosting at $3.7 (9%:) and home visits
$5.99 (14%). The total cost per patient (from a health system perspective) ranged between
$64.95 - $81.93 (mtervention) and $8.97 - $39.28 (SoC). The base case incremental cost of
the intervention (cost in intervention clinic minus cost in SoC clinic), ranged between $37.99-
$57 42 across the three provinces. All the key assumptions and parameters used are shown in
table 4.

Table 6 shows three sensitivity analyses allowing for device rense of three times, the use of a
TB murze or the sharing of platform hosting for 153,000 PWTB. Across all three provinces,
the decrease in total costs (compared to the base case) is seen when the device 1s re-used
fhree times at intervention clinics with incremental costs fo the health system reducing to
$21.73 - $41.17 across the three clinics (table §). The other two scenarios gave similar results

to the base case.

In table 7 the total societal cost in the intervention arm ($185 243 04 was greater than in the
SoC arm ($117 712) resulting in a total incremental difference of $67 330.72. The
effectiveness of the intervention (patients =80% adherence) showed an incremental difference

of 406 per patient. This resulted in an ICER. of $166.33 per patient with =80% adherence.
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Discussion

Our study found that incremental costs to the health system of implementing the medication
monitor (Wisepill 1000 evriMED device) and differenfiated care approach in South Africa
was between $37.99 - $57.42 per patient across the three provinces. The sensitivity analysis
showed that this Incremental cost can be reduced to $21.73 - $41.17 if the device is re-used
three times. The use of an altemative cadre (TB nurse) would result in an increased
meremental cost of $40.30 - $58.80 while platform hosting for all FWTE would range
between $33.93 - $55.36. The incremental cost of the intervention was mainly influenced by
four key dnvers which were the cost of the monitors, data management support for the

platform, Wisepill platform hosting and home wvisits.

When we compared the proportion of costs that the monitor adds to the cost of treatment we
found the following; the cost of DS-TB dmugs in an upper middle-income country like South
Africa is about $107 [21] and adding the societal incremental cost of the medication monitor
and DCA $166.33 increases this cost by a relatively small amount. The patient costs showed
that indirect costs (foregone income) contnbuted to a large proportion of the total patient
costs as PWTB often had to miss work to attend clinic visits resulting in productivity losses.
Other contributors to total patient costs were the amount of money that PWTE spent on

special food duning treatment and transport costs to the clinic.

From results of this tnal, we found a 30% increase (adjusted nisk ratio of 1.3) in the
proportion of those who adhere to treatment defined as =80% adherence, as measured by
monitor opemings [22]. Even though the TB MATE trial did not show any effect on treatment

outcomes [22], other studies have shown that adherence may affect clinical outcomes since
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lower non-adherence were associated with significantly increased nisk for unfavourable

outcomes [23, 24].

Our study had several strengths. Firstly, our costing study filled an important gap m the
literature since we evaluated the cost of a medication monitor and DCA for supporting patient
adherence; this is particularly relevant within a high TB and HIV setting like South Africa
where co-morbidities are likely to influence adherence patterns and health system costs.
Secondly, we used a detailed bottom-up costing appreach; thas will allow subsequent
comparisons with other settings since we provide a breakdown of all the costing ingredients.
Lastly. the study was conducted in three provinces in South Africa, which enabled us to
understand the effect of variability in operational management on health system costs.

Our study did have limitations which may reduce the generalizability of our findings.
Adherence was measured using a proxy of monitor openings. The TB MATE trial did not
show an effect on treatment outcomes and recurrence which is a better measure of treatment
success. In the SoC arm some follow-up activities may have taken place in the routime
setting such as home visits and telephone calls for non-adherent FWTE, which we were
unable to observe and melude within our costing study; this would have resulted i an
underestimation of the costs in the SoC arm Had these costs been included, they would have
reduced the difference between mtervention and SoC arms and so the ICER. could have been

lower.

Our study estimated societal costs for incorporating DATs and DCA mto TB patient
management as part of a large pragmatic RCT, however our sensitivity analysis suggested;
that more research is required to explore implementation approaches as these will ultimately
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lower the cost of DAT and DCA to the health system At a minimmmm, we need to negotiate
lower cost for momtors from available manufactorers and to ensure the re-use of the device at
least three imes. Other considerations that should be made before the scale-up of DATS and
DCA is to increase efficiencies in data management and escalation activities such as home
visits. Also, there 15 a need to reduce the number of climc visits for those who adhere so as to
lower the productivity losses incured by FWTB.

Concluzion

The cost of achieving an additional adherent PWTB was estimated at $166.33 The additional
outcomes were achieved at a reasonable additional cost hence medication monitors and DCA
can be considered a cost-effective option for investment and scale-up [25] if we negotiate a
lower cost for momtors with mamufacturers and ensure re-use of the devices, helping reduce
health system costs. As TB programmes re-invigorate their commitments to achieving TB
elimimation recoverning lost ground from the Covid-19 pandemic, every aspect of the TB care
contimmm will need to be optimized; the importance of PWTB successfully completing TB
treatment should not be understated. DATs may have a role to improve climcal outcomes for
patients [14], however, like any innovation, secietal costs will underpin the decision-making
process and thus ways to reduce these should be priontized to maximize scale-up.
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Table 1: Demographic characteristics of participants and head of household, by region, participating i the patient costing survey

Gamtenz Kwalah-Natal Western Cape
= Stel(E) |SedEW)  [SedpEd) [Sed@E®)  [Sesees) |Ses@)

Intervention 5ol Intervenion | 5ol Inberveniion | SC
Femsls 1(%) nEe  (nmm (mmey  [ses [nem [new
Fensls T 1 %) nEX [sps  |new  [aew [nem  [nes
Mm% s ) BREM (onne |(Bee [Booe) [wnom [ueee
Meam 3 et i) U |unosy |wsmm [veo [susgeey |somey
South Afican 1 %) Bos (om0 |mom) oo | smm)
Blsck Afican 1 %) I I L R T s I Tkl
R et g 120 0% |BOOBN) (BN [ B@ (BEw  [mmm)  [HEm)
Bduceion skt madepeeed LI R0 ) | 42000 (0600 M) [deqoome) [ 4@
Tnexployed 1%) amm  (veey  (ams [neey  seey  [pem
Unexployed T (%) we0ey  [swey  (mwsy  (mwm [sem B
Never mamidngl n %) gl (omey  (umey  [swm [pawy  |ees
Mem adults i (s ) Wwes |03 [way sy [y |y
Mem chilien i st ) 1608 |ompy  |a0s ey |san g
HHH head of honsehold
Page 180i 28

82



387

Table : Direct and mdirect patient costs (USDS, vear 2020) during treatment (from patient cost survey)

Canfeng KwaZafn-Natal Western Cape
Sie] Simd Site 3 Sita4 Site 5 Sied
Infervention Conrol Intervention | Control Intervention | Conirol
N il L 40 i il ol
Arithetic mean | Arithmetic mean | Arifimetic mean | Arithmetic mean | Arifhmetic mean | Arifhmetic mean
(wofotal cost) | (Y of total cost) | (Ywofiotal cosf) | (o of totalcost) | (%oof totel cost) | (o of total cost)
Direct medical costs
(it fres 0.0 000 0.00 0.00 000 0.00
(0.8 (0.0%) (0.0%) (0.0%) (0.0%) (0.0%)
Wedic nes 0.0 [ 0.00 0.00 000 0.00
(0.0%) (0.0%) (00%) (L0%) (00%) (0.0%)
Direct non-medical costs
Transport (reture) to clinic 447 i3 158 11 i3 158
(3.8%) (3.3%) (8.3%) Q?%} (1.44) l'i‘_L
(Chil dcare whilst aitending the climi 0.0 000 0.00 000
(0.%) (0.0%) {0.0%) (13. 3%} (0.0%) [I}Em}
Accommodation whilst arending the clinic 0.0 000 0.00 0.00 000 0.00
(0.8 (0.0%) (0.0%) (0.0%) (10%) (0.0%)
Food whilst attending the clinic 041 ol LH 23 067 0.00
(0.4%) (0.5%) (14%) {84%) (L) (0.0%)
Special food - during tresment 038 U3 1549 056 1316 4%
(25.8%) (26.3%) (28.0%) (38.1%) {31.8%) (20.3%) |
Phoning whilst atiending the clinic 010 019 015 0.00 000 0.00
{0.1%) (0.2%) {04%) {0.0%) (0.0%) (0.0%)
Accompanying adult whilst attending the clinic 0.0 000 0.00 000 000 000
(0.8 (0.0%) (0.0%) (0.0%) (0.0%) (1.0%)
Direct costs: sub-total LR fiH| 10,66 3106 1638 J[E]
(30.2%) {(3L0%) (31.34) (B.5%) {13.3%) {1L.6%)
Indirect costs
Foregnne icome LR i34 3466 416 nn 56.88
(0.8%) (§3.0%) (6L.1%) (13.3%) {36.7%) (T74%)
Total costs per FWTB 1174 954 LR FT) 1 ¥
(L00%) (100%) (L00%) (100%) (100%) (L0044)
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Table 3: Clinic visits per site for all trial participants

Visit Gauteng
Site 1 Site 2
(n=15T) (o=10)
Imterventio  Control
n

Wisit 1_Enrolment® 157 116

WVisit 2_Month 1 126 70

Visit 3_Month 2 108 65

Visit 4_Month 3 21 55

Visit 5_Month 4 a1 50

Visit §_Month 5 67 51

Visit 7_Month § 75 57

Total visits* TO5 473

Mean visits per 345(201) 348209

participant (std dev)

Number of phone 199 o

calls per site

Number of home 41 o

*Inchodes screening faibores

*Visits counted if PWTE seen by shdy staff

EwaZnle-Natal
Site 3 Site 4
(m=95) (o=170)
Interventin  Conirol
n
a7 170
27 22
2 10
19
24
24
37 ]
250 113
326 (2.30) 160 (1.35)
1a2 o
] o

Site 5 Site §
(o=171) (n=170)

233 217
114 133

108 107

04 28

65 66

66 67

87 57

767 T35
331208 | 311(1.5T)

141 0

114
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1%

3%
%

Table 4: Key parameters and assumptions
Parameter Vilue Source
D dispemser sim card §091 Wizepill mvoice
Airaime per phone line for tudy staf (over & 6 month period) M0 Triallogs
Airame for the dispanser modile §L0 Wisepill mvoice
Nmmber of SMS (Shart Message Service) reminders for missed doces over § mouths (per particpant) | Sile I=48 RCT Logs and mvoices

Site 3=30

Site 5= 4
Castper SMS 00 Wisepill imvoice
Healtcare worker waze pes hour (sdherence monitoring) §E11 Finanicis] recards
Cost per howr for dts manseement staff §1481 Financis] recards
Nmmber of dsys data mmasement suppart provided per sit (6 monihs) Site =8 Inferview

Site 3=

Site =8
Monthly dats & phone plans used (over § months) pr ite 60 - $8L47 Inerview
Nmber of phone calls made for non-adherence per siie Site 1=209 BCTloz

Site 3=161

Site 5= 141
Averzee study staff time per call for non-adherence (minntes) 1 Tnferview
Nmber of hiome vists made for nos-adherence (inchuding repeat vicis) per site Site 1=41 RCTlogs

Site 3-8

Site 3=114
Average fims per home vist inchuding fravel (ninutes) fLit Time and Moti
Amountof rime fo training {total mives) pes study saff par site 450 Inferview
Vi s e e ki i
Working minuies per day 48 Assmption
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396 Table 5: Health system cost per patient (USDS, vear 2020) using amedication monitor (Wisepill) and differenfiated care approach - by

M
398

9
400

site
Cost componeat f) Gauteng Dncremental | KwaZule-Nahal Tncreme | Western Cape Incremental
ot _ utal cost _ Cost (M) *
Gl [l | SiteJ Sted | (W)* [Sies |Siwf
Tnfervention | Coatrol Tntervention | Contral Inferveatio | Conrol
1
Micarion meomitars and accessores (htery, modiksand | 2438 [T Ui T [ ]
ispener ST (57.0%) _ ] (8.0}
Phone and accessories for sudy staff (1] o (0l 53] iwm [ |0 [
{L0%) {L0%) {L0%)
Wisepll platform Bosting, suppart and reminders n [ITEX 1% wm i (4 [N
{0.0%) {T0%) (1L}
Adberence momiiorn wing Wisepil platiom ilb [T 16 w18 (1% [ ]
(1) (1) (10
Dty mangpement and techmial aupport T4 |74 19 [T/ N E [
{170%) (140%) 171Fa
Differemtated care approach for poe-adberence (Phoce cally) | 261 (28 7 [T P Y § 0 115
L _ (%) _ LA ()
Diferemated care approach for pac-adberence (Home visic) | 399 [T ] w1 | [
{40%) {L0%) (B
DAT training fr stody staff ramee) - Anwlised Cost | 017 o (o (¥} [T/ T E [ E
{0.0%) {00%) {00%)
Additona] mining coss (trainer) - Anmialced Cot [} [T [H] [0 [ [ Y]
M) 0 00%
Ol coss (et ome- T 0 R mr%e oW }FJ'I"IIM mﬁ_'!m'
L _ e 1w [260%)
o D190 [0F (@0 [ o0 |8 [Ww oW
*Incremental cost = cost of the intervention - cost of the conirol within each province. % refers o the percentage of the tota] incremental decremental cost
#45taff time cost (TB mrse) = average time per patient x cost per minnie
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407

410
411
412
413
414
415

Table 6: Sensitivity analyses considering either device re-use, alternative cadre or
platform hosting for all PWTB — Cost per patient (USDS, vear 2020)

Input Canfeng EwaZalu Natal Western Cape
Sife 1 Sitel | Sited Sited | Site 5 Site 6
Imtervention Comntrel | Intervention Contrel | Intervestion Comntrol
Device re-use 65 67 3028 50,14 207 48 60 48 60
Incremental cost 2640 4117 7173
of imfervention™
Alternative cadre B476 | 3038 6785 | ga7 6726 | 1606
Incremental cost 4549 5880 4030
of inferventon™
" Platiorm hosiing 087 | E] 6433 | 897 6180 | 3606
(all FWTE)
Incremental cost 4059 5536 3593
of infervention™

*Incremental cost of intervention = cost of the Intervention — cost of the control

Table 7: Incremental cost-effectiveness ratio (ICER) of DAT intervention (medication

monitor and differentiated care approach) versus standard of care

Incremental

Intervention Comtrol difference ICER
Studv population 1306 1278
Health system cost! § 7109 % 2507
Patient cost’ § T0.75 $ 67.04
Societal cost' § 141 84 $ 9211

£

Total cost® $ 18524304 117,712.32 $67.530.72 16633
Effectivenass’ 1056 630 406

! arithmetic mean of costs across the three provinces, by stdy amm

* spcietal cost mmltiplied by the smdy population
* effectiveness is caloulated as the number of participants per arm who satisfied the primary outcome of =80%

adherence

ICEF. inremental cost-effectivensess ratio {ncremental difference in total cost divided by the incremental
difference in the number of participants satisfying the primary outcoms)
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CHAPTER 7: SUMMARY, DISCUSSIONS AND
CONCLUSIONS

7.1 Summary and discussion of the main findings

To accurately measure adherence to TB treatment there is the need for improved methods
such as digital technologies which do not rely solely on clinic or home visits. Furthermore,
technologies that remotely monitor adherence in real time and alert providers regarding those
PWTB who may need support in adhering to treatment can help reduce transmission of TB
within communities. This PhD has sought to fill the knowledge gap on the value of digital
technologies through evaluating the feasibility, acceptability, and cost-effectiveness of an
adherence monitoring system. By use of a mixed methods approach utilizing both qualitative
and quantitative methods this PhD has yielded manuscripts which have been published in
international journals and findings which have been presented at both local and international

conferences.

The PhD manuscripts are premised on the results of the TB MATE trial as it is necessary to
first evaluate effectiveness of an intervention before looking at other factors such as
feasibility, acceptability and cost-effectiveness. TB MATE trial showed that adherence to TB
treatment improved in the intervention arm as compared to the control arm (81% vs 50.8%)),
though the treatment outcomes did not show any improvement [62]. This result was difficult
to understand and interpret since WHO measures treatment success rather than adherence.
Policy makers are often more interested in treatment success when making decisions on
whether they are willing to pay for an intervention to be scaled-up nationally. Nonetheless,

the effect on adherence is important and perhaps these technologies need additional
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interventions to improve treatment outcomes [62]. The elements that are evaluated in this
PhD namely feasibility, acceptability and cost-effectiveness will also give an understanding
of what additional interventions could help improve treatment outcomes. I will discuss the

main findings of each of the manuscripts in turn.

The first manuscript addressed the objective on the feasibility of implementing Wisepill
evriMED device and differentiated care from a stakeholder perspective. As previously
mentioned in chapter 4, the qualitative study has shown that Wisepill evriMED device and
the differentiated model of care is feasible to implement within the existing health system.
Providers felt the intervention could be easily integrated into the health system and it would
assist them in monitoring and supporting adherence to treatment for PWTB and also those
with other chronic conditions. For the adherence system to operate optimally, there is a need
to improve upon the technical glitches such as network connectivity which is important

especially if the intervention is scaled up to rural areas.

The challenges of implementing Wisepill evriMED device and differentiated care which are
described in the first manuscript on feasibility are similar to those found in the DATs study
done in the Philippines as part of the Adherence Support Coalition to End TB (ASCENT)
trial where poor network connection was cited as a reason for taking TB treatment without
using the smart pillbox [30]. In the first manuscript we also found that poor network
connection could also result in the system not recording box opening in real time, yet the
PWTB had timeously opened their device as instructed. These system issues sometimes have

a negative impact on the patient-provider relationship since PWTB tend to distrust healthcare
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providers who initiate unnecessary sms’s, phone calls or home visits. Another issue that may
undermine the adherence monitoring system and create distrust is when the PWTB open the
medication monitor and not ingest any of the pills as some providers on the TB MATE study
feared. The solution to this problem, as suggested by stakeholders who were interviewed,
may be through constant education to the PWTB so that they can understand the importance
of taking their treatment on time, every day, for the full treatment duration, even without
anyone having to monitor them. This solution has also been cited by the authors of the
ASCENT trials conducted in Ethiopia, the Philippines, South Africa and Tanzania where they
indicate that interventions aimed at improving medication adherence should follow a holistic
approach that goes beyond monitoring pillbox openings [30]. Instead, they should address
individual behavioural and psychosocial factors may be necessary for enhanced effectiveness

[30].

The second manuscript addressed the objective on the acceptability of implementing Wisepill
evriMED device and differentiated care from a PWTB perspective. As briefly mentioned in
chapter 5, this manuscript has shown that Wisepill evriMED device and the differentiated
model of care is acceptable to PWTB as it acts as a reminder to take medication especially for
those who do not have family support. Even those PWTB who had family support
acknowledged that it felt good knowing that there were other people looking out for their
health besides their family and even attributed their healing to the device. However, there
were some PWTB who perceived the medication monitor as creating stigma due to its current
design and hence they chose to leave it at home when they travelled or went to work. Some

PWTB across gender and adherence history felt that the monitor was large, and the alarm
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drew attention to their TB status, potentially causing embarrassment and stigma. Due to
perceptions of stigma, PWTB adapted the intervention by taking pills out of the monitor and
leaving it at home so someone else could track usage for them while they used alternative
reminders such as cell phones to take their medication. This finding is similar to the ASCENT
trial where fear of stigma related to taking TB medication using the DATs resulted in
participants leaving their pillbox behind when traveling or going to work [30]. However, one
can argue that the monitor created a change in PWTBs behaviour and caused them to use
alternative reminders which may have not been the case had the monitor not existed. One
limitation of the acceptability study is that parents and caregivers of children under the age of
18 years who were part of the CRT were not included in the qualitative study. It would have
been interesting to understand their views on the medication monitor and DCA and the
possibility of any associative stigma they may have perceived or experienced as a result of

caring for a child with TB.

The third manuscript showed that the cost of achieving an additional adherent PWTB was
estimated at $166.33. This cost can be considered relatively affordable given that there are
only about 270 000 PWTB (drug sensitive) in the whole of South Africa and if we allowed
for an uptake of 85% then only 229 500 PWTB would require a monitor, meaning that the
total cost for the country would be around $38m [63]. The cost of TB treatment in SA is
about $107 per PWTB and adding $166.33 to improve adherence to treatment and avoid

treatment failure can be considered worth it [64]
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We also indicated ways that the costs could be reduced. As highlighted in chapter 6, the cost
of medication monitors and DCA can be considered a cost-effective option for scale-up given
that the intervention had a significant impact on adherence with effectiveness estimated at
81% and 50.8% in the intervention and control arms respectively. The cost of the medication
monitors can be reduced through other ways such as negotiating a lower cost for monitors
with manufacturers and by giving the monitor to fewer people such as those PWTB who
showed relatively good adherence as measured by missing one dose only. Another suggestion
would be to give the adherent PWTB the monitor in the intensive phase only and not during
the continuation phase of treatment which would help reduce the costs to the health system.
The monitor can also be used to help reduce the clinic visits for the adherent PWTB as
monitoring can take place from a central location without the need for unnecessary clinic
visits, helping to reduce health systems costs. A reduced number of clinic visits would also
help in decreasing patient costs that are incurred due to PWTB missing work to attend clinic
visits. In the third manuscript, productivity losses in terms of foregone income were found to
be one of the biggest drivers of patient costs ranging between 13.5% - 77.4% of total costs to

PWTB.

There are some strengths and also some limitations to this PhD study. A primary strength is
that this is the first large study conducted in the South African setting on medication monitors
and a DCA to improve adherence to TB treatment. Most studies of a similar nature have been
pilot studies and have not measured or explored all three aspects of feasibility, acceptability
and cost-effectiveness of the medication monitor and DCA[15, 23-25]. Secondly, this PhD

study was conducted in three geographically diverse provinces of SA which allowed us to
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understand the feasibility of the intervention in different settings which allows us to
generalize the findings nationally. Thirdly, we included the experiences of both providers and
PWTB in helping us understand if the intervention was acceptable and what aspects we
would need to consider from both perspectives when scaling up. Fourthly, the cost-
effectiveness component of the study gave us insights into what costs would be incurred by
the health systems and the PWTB and how best to reduce these costs including suggestions of

which groups to prioritize when scaling up as was shown through the sensitivity analysis.

There were also some limitations encountered during the course of this PhD. Firstly, using the
monitor to measure adherence can under-estimate adherence if PWTB use other forms of
reminders such as cell phones, or over-estimate adherence if PWTB keep other tablets in the
monitor causing them to open the device more frequently. Secondly, training costs considered
in the cost-effectiveness analysis were once-off, however, once the intervention is scaled-up,
stakeholders suggested continuous training to healthcare providers to ensure that the
intervention is sustained. Thirdly, the cost-effectiveness analysis was based on adherence
only and long-term impact on transmission and on averting TB cases is not known. To
estimate the long-term impact on transmission would be difficult as the impact of adherence
on transmission is not known. Fourthly, pre-treatment costs were captured only after two
months and hence the costs may have been influenced by recall bias. Finally, doing the study
in SA only can be considered a limitation since the findings cannot be generalized to other
African countries given that the SoC may be different, and DATs are more likely to be cost-
effective where there is DOTs implementation as the SoC. Also, the costs such as salary

scales are different in the African countries making the transferability of results difficult.
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7.2 Theoretical assessment of equity

Wisepill evriMED device allows for more equity or fairness in access since the requirements
are more lenient e.g. a feature phone and not a smart phone like other methods like VDOT
require. This means that those of lower socio-economic status also have access to this
intervention. However, those of a lower socio-economic status may live in smaller homes and
may lack privacy to use the monitor in the presence of family members who they may not
have disclosed their TB diagnosis to. This means that the allocation of the monitor would
need to be preceded with sufficient education and counselling so as to encourage the PWTB
to disclose their TB status to their family members thus making the use of the monitor less
burdensome. This also applies to those who fear discrimination in the workplace due to
inadvertent disclosure of their TB status as a consequence of using the monitor in public.
These individuals would need to select a time for their reminders when they know they will
be home with their family or other household members who know their status and are less

likely to treat them differently.

Considerations of the criteria that can be used to make a decision on who should be given the
medication monitor can be based on risk factors associated with adherence to TB treatment
where we find that living with HIV (regardless of ART status) and being of a younger age are
associated with poor adherence (less than 80%) [65]. Also, in a sub-group analysis of the TB
MATE CRT, the intervention reduced the unfavourable outcomes (loss to follow-up and
deaths) in some sub-cohorts e.g. females which is another group that could be prioritized for
the monitor and DCA since greater benefit was shown [62]. Therefore, PWTB who are co-

infected with HIV, are females and are of a younger age is a group that can be prioritized for
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the medication monitor. When scaling-up, there are other groups which careful consideration
needs to be made such as drug users, homeless people, and seasonal farm workers in the

Western Cape.

7.3 Policy implications

Monitoring TB treatment adherence using DATs and DCA was found to be acceptable,
feasible and cost-effective and should be considered for scale-up. Societal costs will underpin
the decision-making process and ways to reduce these should be prioritized to maximize
scale-up. Patient insights into their perceptions of stigma should be assessed on an on-going
basis as these influence the successful adoption of DATs and DCA. Providers should be
trained on how to support PWTB take ownership of their treatment journey to reduce their
perceptions of stigma. DATSs can help address certain reasons for non-adherence like
forgetfulness but not issues like lack of food, side effects etc. which prevent PWTB from
taking their treatment. Incorporating social protection as a way of addressing patient costs
like food and transport which serve as barriers to adherence to treatment can help promote
access to DATs and help achieve universal health care for all. National TB Programs (NTPs)
could use the intervention to reduce the number of visits to the facility by remotely
monitoring and supporting people taking TB treatment and by doing so reduce transport costs

and improve financial risk protection or catastrophic costs for PWTB.

NTPs should be aware that giving the device to just a few may not reduce the cost per patient
since fixed costs of the monitoring system will be shared by just a few patients. One would

need to weigh this against the reduction of recurrent costs of the device.
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Another disadvantage of giving the device to too few people is that if staff only use the
system a few times a year, then habit formation is limited for the system users and they may

forget how to operate the system efficiently.

Due to limited resources, the medication monitor and DCA should initially be used for those
with PWTB who are co-infected with HIV, are females and are of a younger age. Over time,
the monitor should also be given to patients with DR-TB and other chronic conditions so as

to reduce the cost per patient and also to reduce any stigma associated to having only a very

specific group utilize the monitor.

7.4 Conclusions

Achieving people-centred TB care, including the introduction of DATs, will require that TB
programmes incorporate insights of both PWTB and providers in order to maximize their
adoption and effectiveness. Perceptions of stigma motivate PWTB to adapt use of medication
monitors to their lifestyle and providers need to have an understanding of these adaptations so
as to scale-up the intervention in a sustainable manner. Various ways are available to help
reduce the costs of the medication monitor and DCA to the health system. The intervention
can be considered as cost-effective for scale-up in SA since it helps improve adherence to
treatment. Adherence would help reduce recurrence and drug-resistant TB and thus reduce
costs for the health system and the patient. Digital adherence tools are a good example of why
it’s important to measure costs borne by both PWTB and health systems as well as insights
from PWTB and providers as these factors all vary by context and influence the success of an

intervention.
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APPENDICES

Appendix A: Results from the cluster randomised trial

Introduction

This was a quantitative paper that showed the cluster randomised trial outcomes of
implementing Wisepill evriMED device and the differentiated model of care in three

provinces of South Africa.

Paper 4: Treatment adherence and clinical outcomes amongst drug-susceptible TB persons
using medication monitor and differentiated care approach in South Africa: results from a
cluster randomised trial
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Rezeanch in context

Evidence before this study

W smrched Medine and Embsase in June 2018 for papes
pubiliched from fan 1, 2000, to May 1, 2029, with no language
mstictions, using the terms ("digital pill boe* R “smart pill
oo ™) AMD “TE" DR “tuberouloci”. We found one systematic
msiew of siteen @ndomized contral trils (RCTS) of digital
adherence took to impeve adherence to tubesulbss (TH)
with anly two including mediatn monftors. One study on
medication monitors showed reduced missed doses while the
other showed no differences. Frior 1o our study, the only
important evidence @me from one ange trial conducted in
{Chira, completed in 3012, induded 4792 new pulmonary TB
partidpants wes enmiled aoross the 36 dustars. The
adherence outtome of at kast 20% of doses missed fas
mezumd by box-opening), was kower in the in the
mediation monfor ams. The study was not powesd for
treatmeen t curtcomes, and it was found that the diferentiated
ane aspect of the infersention was nat well implemented.
The anly study for South Afric, was a siudy showed high
arceptabiity of mediation monitors fas presously been
described in people with drugsmesistant TR Howeses, no siudy
fad been conducted amang people with drug-sensitive TH
{0%5-TH) and no shudy had memsured tretment outoomes.

Introduction

Globally, tulerculosis [TB) teatment sucess mies
amony new and rebpss cases have not improved over
the bt n years’ Among the 7.5 milion people with
TH in 2023, almest 200,000 ndhiduals wens mot s
cemfully treated | Poar trestment ad hers nos contribues
o lower treatment completion mtes and to higher nes
of ks to followup among peaple with TB [PWTE)™
and has been smcated with increaed relipss of TH.
I a patientdevel poolsd amalysis of trestment shor.
enirg trizk, poor medication adherence [<905¢) was
amociated with mereased risk of poor treatment out-
vmes and recumenee '

Digitl adberere wchnologies [DAT) ame meress.
ingly wsed to improve medication adherence and treat.
ment outomes.” Medictom monios n partadr, if
effective and acorat, may potentially reduce the nesd
Bt dindc visits allowing for meniwring of adherence
patems from 2 central location. ™ The newer adhersn e
devies emoble realtime monitring of pilltaking
generating more detalled adhemne hisores which
cani be actioned mare quiddy, and allowing for a differ.
entizted use of limited humnan resurces for managing
dullengingg PWTB. The Wodd Healh Organisation
[WHC) updated treatment guidelines currently inchudes
2 conditional recommen dation, with very low certainty of
evidenice, to affer medication monitors and tracers [such
a mobile phone shot mesage ®rvice (EMS)) for TH
treatment adheremne support.”

Added value of this study

Our shudy was a lamge sdy done in routine dinks in e
distinctsettings in Sowth Afric and ik one of few studies fhat
evaluated medication montors wsing a clster-and omised

appraach and that incided foliow up for recumence. The use
of mediation manitors and difesntaed oe showed an

improvement in adherence although there was no signifiant
diffesence in unfasouable outcome in people with DS-TH,
deespite a tend to img it in the intesvention am.

There was an impact of adherence on unfasourabie outoomes
in some b-mhork g, women which indicates that this i
potentially a particulady important infenention and showt
be eahated further

Impliations of all the available evidence

We are not able to recmmmend mediaton monrtos oo
the board for people with drug-sersitive TH at this paint. Our
shudy mupports exdsting ltemture indicting impoved
adherence with mediation monnoes but Bilue to show 2
change in treatment cutcomes. it may be that them needs to
intraduce additional interventions to improve tretment
oo

Previous evidence for effecivensss of digital man.
tars mainly come from two brgg trik onduced in
Ching, The first trial, which was completed in 2012 and
inchuded 4292 new pulmorary TB participants acmas
the 36 chesters, showed that poor adhemne fmessumd
25 at kst 209 of dowes missed, a5 megsured by box-
opening], was lower in the in the mediation mominr
arma” In the mom meent Chinese trial, the mediation
monitor inervention had no effed on unfavourable
outarmes [adjusied risk mtio 1.01, 9% CI 0.73-140),
bt momeadherence was reduced by S7-64% in the
intervention group compared with the control group,™
dthough there were cmcerns abowt 3 fadure to

i falkowing identification of
s son ettt oy Todeve Ot
randomised trial of 337 ndividuals which shiwed su-
perior adherence [using different measures), but no
asigned i momiorobeerved self admimsered therpy
administersd DOT." Maore meently published smaller
studies fom Tibet (o= 278) and Peru [n =106, indicte
improved teatment autcomes with wse of digiad™
with improved adherence in e [Tibet] and no
change in adhemnee in the other [Peny). The Tibet study
did inchule 2 mor comprehensive package of ine
terventions with eledmmic monitors, family treatment
supparers and improved commumication through a
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linked smartphane app Thus o dat, although some
smaller programmes and with mor inensive adhrence
suppart hove shown some beneftt, brge programme
implementition of DAT had failed to show cmssent
effect on treatment outcomes.

Sowth Africa, a country with 2 high estimated TR
incidencs mbe [4687100,000 population), reported freat-
ment mecess wites of 79 among new and mebpae
PWTE, 7% ammyg HIV.podtve PWTHE and 675
among people on rifympicin meistmes TH treatment’
falling short of of 90% treatment succes of all
forms of TH in the Global Flan to End TR [2023-2030)."
The acceptbibity of medication monitnrs has previously
bt deseribed m people with sstant TB in
South Africa " However, no study had been conduded
sersitive TH ([D5TH. In addition, no sty has
evaluzied treatment sutcomes, inchuling meurmence, in
patients using the realtime medication moninm which
b for differentiated care m South Afric We om.
ducted 2 pragmatic whl with the 2im © evalue an
adherence momioring sygem with 2 differentisted
Tesponse by patient care, among people with DS-TE in
three provinees in South Afric

Methods
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provinges in South Afnc (Barhuleni district in Gawe
teng, Klipimein and Mitchel's Phin districtsin Western
Cape, and eThekwini district in Fora Zubu Nat) and was
desaribed fully previowshy.® Clisters were public health
climics with at last 200 TB mgidations in 2017 and
induded siv dimics per provincs, Adubt HIV prevalence
in the general popubtion was 18 2% in KwaZulu Matal,
lﬂﬁhﬁmﬂlﬁhmhm"
Standand of Care BoQ) in South Africa was mestly self.
administersd treatment with dirscfy olwerved tmat-
ment provided to people thought o have risk faciors for
poor adherence (e, homeless, substance abuse hisory
ete). In the Wesern Cape province, it was mosly sdf.
administersd. tratment excent for the frst two weeks of
tratmemt that were dimectly obarved

The study enralled adults aged > 18 years and chil-
dren aged 2-17 years with dinically or microbiologically
dizgnosd DS-TE, satisfying nchesion eriteria of having
initizted TH treatment within the bst 7 days at the time
of enmiment; willing to e the medication monitr 2
dirced agreeng to e follwedup with ext
messaging phane calk and home visits living within
ﬂ!ﬂrntdm.mtm:mi m']]inghinﬁlmﬂt
study tam of any camge of address during the treat.
ment a5 well a5 followap period. Participants [or cne-
givers i the e of children) were also required 1 have
acress to 2 mobile phone and no phones were given ©
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disgmesed with drug-resistant TH; they wen: not fluent
in the brguoges in which the informed mmsent was
provided or study members were not able to commu-
micate; thise who donot have 2cces 1 or were not able
to ue 2 mobile phone or to mad M5 ted mesages
people urnhle o ue the device after trining, people
wha expect to leave the study ane, people taking part in
the ather investigational produt or device trials related
to TB andfor hmg disaws The inchwion critern for
initiating TE treatment were bter mevised o within 14
days a5 mtients that wers mitiated on TB treatment in
hospitils were refermed to mntimes with their treatment
in primary health facilities having been on treatment for
mare than 7 days

Randomisation and masking

Chsiers wene randomised 1:1 to intervention or 50C arm
using restricion i ensure a difference in dimies per am
in each of prwvine of no mom tan e, Bndomistion
allocation sequences were dane by the shuly sbiistidan
using STATA vl6. Following the randomisation but
before participant enmlment had sarted, two chimcs
from the same province, e in sch amm, wer withe
drawn due to ongoing TR studies. The two dinics were
replaced by another two climics in the same provine: and
were: mndomly allocated to the inerwntion and contml
arm. Reseanch staff were placed at each of the 18 dusers
to emmo] particints into the stdy. Thers was no msk
g of the mtervention. Both providers and participants
were gware af the radomisation.

Procedures
Participants enralled fom cinics in the ineTvention
arm received 2 differentizied came adherence padage.
The mckage inchuled stndard patient education and
provision of the Wisenll EvriMED medicaion manitar,
wherein treatment bliser pacs were ploed, and which
were programmed to have daily visual or audio alerts for
treatment intake and monthly reminders for teatment
whlls, [f 2 PWTE mimed e dose, they mosived an
automated SMS stafing, ‘Fleaw remember 1 tike your
medication’. A scond ar thind mimead doee 2 wesk,
mequired maarch soff to mitate 2 phone @ll o the
particimmt, and four or meore missed doses in 2 week
required 2 home visit Resarch stff were provided with
siripts o use for the phone alls and home viss. f fur
ar mire doses wens repeatdly mismed, motvational
conresed lireg was initiated. When participnts went i the
climic for their routine monthly dispensing visit, the
mesamarch staff showed the particpant their own dats and
discused ther medication adherencs hisary.
Participants enmled from dinics in the 5ol amm
meeived coumselling megamding their TB teatment and
were given 2 meiurn date for collection of repeat medic
catiom i 30 days Parficipants were also provided with
the medication monitor wherein teatment bisters
packs wer phosd and educaed moits we by the
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any visual ar audio meminders for mtkes or refills but
moarded dat an bex opering in realfime just 25 in the
intervention arm. In contrast to the imervention clinic
mviewed during mutine monthly fallowup visits by
msearch saff or mrticpants. In bath amms, the medi
cation manior tananited 2 dady “heartheat” signal to
the sysem o mdicate tat # & working propedy. If not
warking, health care werkers did assist participants
both arms to ensure the manitor was functioning and
able © =nd sigrals

Fur study visits, mrticipants n both arms were fol-
during TE treatment. As per usual care, facility staff
documented end of teatment outmmes without amy

Fallawing the end of treatment, particimnts i both
ams who had cured or completsd treatment wers
fllowed-up every three months m person focept during
the COVI D19 lackdown period) r 12 months. During
having “died” if ressarch saff wene informed by their
ks 25 hoving disd or “lest o follwup” if they could
nit be found after mubtiple phone @l ar home visits
attermpts wheme pessible to them or ther cmtads At
ech fallowap vist, TE sympiom scmening was per-
frmed and i symptomatic 2 sputum sample for
Mycobackeria Growdh Indicsior Tube [MGIT) adture and
ipanits were requestd to provide a single sputum spec.
imen for MGIT citure wsting at 6 monds from
enmolment and 12 meonths post TH textment completion
18 meonths from enmolment), mgpndless of sympioms.
Participants were meimbursed ZAR 50 [appocmaihy
USE3) for travel costs for each visdt afier the end of
trertnent 25 these were desmed resardh visits,

Dwrtoomes

Cuteomes wers desTibed in the prtom] prior o strt.
The primary sudy endmint was adhemme to TE
medication, which was mezmred 25 2 linary outome of
percentage adherence >80% over the whale periad, 25
meaared by box opening For those lost to followup
during trestment we assumed no drug ke [100%
nimeadberence] for the period fom the dae of bst
mmtact to the date of scheduled treatment completion.
TB medication adbermne was o clubted 2 2
aomtimuus varizble, by arm, defined 25 the percentage
adhemmes over the entie teatment period.

Secondary study endpoints inchuded poor owcome at
the end of treatment and unfavourable outomes at 13
months post enmlment. Poorend of treatment outoomes
wa defmed 25 death, lost to foll ow up, trextonent failune
finchuding positive culture oo e Sxmonth putum)
and dizgnosis of rifampicin resistant TR, Tramsfer outs
and wheme an ortoome was not docrmenisd [and no

niegative culture at end of treatmend) were mded 2 not
assesable. Unfovourable outoome at 18 months after
enmiment nduded ondrestment kot to follw up,
death, treatment faihme, dignotis of multiple drug
resistmt TH [MOR-TB] amd treatment momence.
Treatment mecurrence was defmed 25 2 mriicpant hay
ing a pesitive TB culture nesult ither a5 partof the trial
O i martine came) ar restart of TH trestment at any time
during the 12 months followup period post TB treat-
ment completion. All analyses wen: mnducied wiing the
intemt to tmat popubtion, dehned a5 all participants
enmiled an the stdy, exluding thos with dagnoess
to not TH ar MDR TE, thos incmemted in
follyw-upand thos whono linger wished & participate.
Multiple imputstion [25 imputations) was mnduced for
individuals whe had cured or completed tratment, had
et met fhe recurrences endpoint and who wene not seen
at 18 manths [siter due o lost to Blowup or death).
T semsitivity anahses were also done: 1) participants
who had 2 tetment outmme of cured or compleid
treatment, but who had been on teatment for =10
months (280 days), defmed 25 having 25 poar end of
tratment outmme: and 2) partidpants who had a
treatment outome of swoss or commpletsd treatment,
but whe had died between end of teatment and 18
manths, defmed 22 an unfavourable owcome.

Statistics

the chistered design and ssumed 2 harmenic mean of
145 particimntsfduser, mine dusers per arm and 2
twoesided type [ ernm of 5% For the primary owtoome
[adherem e ) we asumed the pe with adhemence
lesis thiam B0 in the SoC arm of 309 and coeffhicent of
variztion of 025, had 905 pwer o deed 2 4056 mbtive
redudtion in the endpaint in the mErvention amm. Fora
sucoesshul outoome at the end of trestment, we asamed
BiFé successhul oukome in the 5oC am and a coefh
cient of variation of 106, we had 905 power to detect an
incress to 9. For unfavourable outcome 18 months
after enmolment, we 2zumead 13-20% n the 5ol arm
anda mefhcentof variation of 025, we had at least 305
power to detect 3 405 rebtive reduction in the mier-
vention arm. Allowing for some clinics to enral mon
than others, we did allow enmbment of up to 170 per
¢limie. The STATA “chstemampsi” command was wsed
for the sample 5ze clubtions,

Analyss was conducted at the chesterlevel due tothe
small mumber of chesters ™ For each chster, the pmo-
portion of mrticipants with 80 adhennce was
mesured Our main effect sstimate & 2 sk ratio losed
on the natural bgarithmtramsformed risks, companed
by study arm acmss chesters wsing 2 t4est. Forall binary
outimmes, we reported by sudy arm the ownll sk,
ignaring chestring, and the geometric means of duster-
level risks We ako onduced an adjusied ambsis for
the mervention effect, adfsting for imbabmess of
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individualdevel wrishles at baseline, using a twostige
approach. Using logistic regremion, the :rplndnd
ouome for each individual was cakeubted, adjusting
for loseline imbabmos and synmed at the duwser.
level The by of choerlevel residual (epeded
mumber of outmes with he olssrved mmber of out-
ommes) was compared by study arm wsing a vest Rk
differences and sscaed 95% conhdencs ntervals by
study arm wem mparted, bawd an untamsformed
comiducied without contml of the owrll fype | emar mte.
All amalyses were coneucted in STATA v16 wsing the chn
command ™ Ho inerim aralyds was perfrmed.

For fidelity of the mtervention, we opid o mesame
the required phone @lls pine home visits wem nat
dane during COVID tme] and how manmy were
atempted and the momber of cmumstances whens the
pemon was succsssfully contucted.

Ethies

Writen informed comsent was obizined from all
adults. For children under 18 years, camgvers gave
informed comsent and in children aged 7-17 years ol
informed assent was aboo obtained. The trial obtained
approval fom Wits Human Ressarch Committes [Ref
180.705), Joharmesburg, South Africx; University of
Cape Town Human Bthics Ressarch Commites [Ref
4522018}, Cape Town, South Afica; and the Landon
Schoal of Hygiene & Tropical Medicine (Ref 16,107),
London, United Kingdom. The study alm obtained
approval from the thres district health departments:
eThekwini, Fhurhuleni, and City of Cape Town
The wial was megisered with the Pan African Trial
Regitry PACTRX1902681157721, Iq!.‘m'ﬂi m 11
February 2019,

Role of funding source
Funders did not phy a mrt in the design of the study ar
the dedision o submit the mameeript for publiction.

Resulis
From 17 May 2019 to 31 Decmber 2030, we enralled
I mrticpants (3%, 983 women; median age 36
years, [ntemquartile range 77-45 years) from 18 faclities
(10 commumity heahh cemtres and 8 primary health
chimics): 19 [0.7%) participants wene moormect enmol-
memts amd 51 [1.95%) withdrew their particimtion in the
study, leaving 2657 individuals (Fig 1) The COVID
rupted emmolment and reduced home visits, Recmuit
ment was paused from Manch=|une X020, In addition,
home vist were with phone qlls betwesn
Marnch amd July and ako n oter lockdown periods
fallowing July 2020 depending an the kwk of =
strictions. Facilities closures days varied between 0 and
12 days from March 2020-Febnary 2021. Falkwr up was
deme for at kst 12 manths and up © 18 manths afer
enraiment for all mrticipents, completing on the 2
February 2022

Far the primary autcome of adherence, we exchuded
a further 73 [275%) participants as they did not have
adberenie dats, leaving 2584 (8% females medin age
3 years) for analyds [Fig. 1, Table 1) Por the end of
treatment outoome, 2538 participants [95.5%) were
induded [119 were not asemable: 7 missing treatment
ouipome and 117 transfermed ouf), and for e unfay.
ourable outame at 18 manths, before mputstion, 2070
particints ([77.95) had ther outcome known and 557
were it amessable (115 transfernsd out, 33 died and
438 bost to folkwap fon the end of teatment]. The

| it i dosmloed tilal: 18 diters |

1

I Mlocited b SO0 9 duibers | | Albcatad 1o ifisFvantion: 3 dies I
| 1350 puricounts smclled; ne 3 cners | [1277 poricants mted; o=t citers |
14 {1L.7%) particiants uchided 47 [1.88) particpants sochided
3ot TR 1o TH
& MR dlagnicsls (2B ) 1 Incosiractly withdeiwe
i T i 7 WD duagricals [s2dayi]
3 incartidibad
1€ e i kil ik L el T
lange g 35 o iy wishis 10 pirticigata
45 [3.7%) participants with no 3 [LE%) participanis with ho
idhirenis data idharenca data
Al i oIl Adherenon puliome:
178 parthclparits (hirmonlc Main of b 1306 parthcipants hisfronk minih of il
ilte 11); =3 chaslery sl 1400 el uisers

FAg. 1= Cormoet diagram for adhemnce popudation. n = rumbes, MR = muli dng mstance; T8 = tubarulocs d = dag

e vathalanct o Vol 7 Sa ek, 2004
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CONSORT disgram and loseline characeristics fir co-
horts for the two sscondary oukomes of end of treat.
ment and wnbvounble odcome at 18 months &
avaibble @ e  Suppementry  Appendic
(Suppementary Figs. 51 and 52 and Tale 51).

of our participants were aduls [@3.3%:; 2412), Bhd
African (92,25 2383) and single marital stutus (73.6%,
1901) and baceridagiclly positive either on MGIT
culture, smear or Xpert [4.756; 1928). Owver half
[S27%. 1353/2569) of participants were HIV-positive
a5 tested by mutine services, of whom, 532 [61.5%)
wen on ART. Bassline variables wers in the most part
similar by study arm, except for 2 higher proportion
with lncteriological diagnossd TB and HIV negative in
the intervention versus SoC and bwer pomrtion of
HIV positive on anticetmiral therapy [ART) and hose
of African descent, in the interven fion vemsus SoC arm
[Talde 1)

The proportion of participants with = 80% adherence
was higher 1056/1306 [B0.%¢, GM B810% in the
inervention arm compared 1o 650/1Z78 BL6X: GM
508%) in the SoC [Adjusted risk ratio of 151 (95% CI
1.36-1.66) [Table 2, Supplementary Fig 53} For the
comtimuns adhernce measume, the overall meam pm-
portion adherence was higher 88.5% in intervention
chisters compared to 69.7% in SoC chsters, gving a
risk difference of 163 (%% CI 133-204) [Table 2,
Supplementary Fig. 53). locking at proportion of
adherence months, te overall mean popartion with
B adhernce was 17.5% i intervention chsters
compared to 4305 in SoC cheters giving a risk difs
ference of 25.4 (%% CI 195-313). Subgroup arlyses
for the primary adherence outome showed improw.
ment in adherence n all subgroups in the intervention
arm [Fig. 7). The coefhoent of wriation for the primary
oubome was 021

The proportion with poar end of tretment outcomes
was similar acrems the arms with 17671279 [13.7% GM
11.0% in the inervention vesus 172159 [137%
GM13.45%) in SoC arm, adjusied risk ratio 0.82 [%5% CI
056-1.72) and adjusied risk difference ~0.49% (%% CI
6105 to #5100 In the omplete e aalsis, for the
compisie wifvounble outcome 2t 18 manths, o
peorfims: were loweer in 2161096 [17.1%) in inervention
am compared @ 216/974 PL3%) in the 500 am
however the effect was not significant with an adjusted
risk mtio of 0.78 (053116 [Table 2, Supplementary
Fig. 53). Following multiple imputition for missing
outcomes;, the adjusted risk ratio was 0.3 [0.56-1.22).

Resmemss for the poar emed of treatment owcomes and
compesie unfvounble outmmes 2t 18 months are
shawn in Table 3 Appmoximately 2006 of unfavourable
ouioimes wene after the end of teatment. The mest
Gamman ouwomes wene an treatment less o follow up
[r= 149 and deathes (1= 129 which make up 64% of 2l
unfavourable outeomes. The pmpotions of, and ma-
sims for poar end of trestment owcome per fadlity are
shewn in the Supplement [Supplementary Fig. 54 and
k). Some chinies had high levels of ondtreatment loss &
fallowup which antributed ® high propartion of mar
ouicomes: during treatment and afier end of treatment
A psthoc sub-group amalysis showed the imervention
meduced the unfavourable autcome at 18 months amang
wormen and in the Westem Cape cohart [ Supplementry
Fig 55}

The sensitivity analysis that defimed thee who were
an treatment for =10 months (280 doys) a5 having an
with poor emd of frestment mutcomes semed to be
higher in the SoC arm 202/1259 [13.75%: GM 15.6%)
versus 197/1279 (154% GM 119%) in intervention
arm but ther was no sgnmifant dfference, with an
adjusted risk ratio of 0.79 (0.54-1.18). The compusite
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Cwerall effect and by subgroup {Intervention vs SoC)
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wifaveurable outcome at 18 months, simibdy # was
bigher in the SOC arm: 242074 24.8%; GM 24.8%)
versus 2341096 [21.6%; GM 18.1%) in intervention
arm, but ako with no effect, ad.]'uﬂn‘l sk mtio of 076

[0.52=1.12) [Supplementary Table 52). Similady, for the
seritivity analwis where thoee who had died betwesn
end of treatment and lﬁm.nﬂ}nwmd.cﬁndn}m;
an  unfaveumble outome, the pomrbons  with
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umfavourable outcome a5 Z34/992 (23.6%; GM 236%)
in 50C and Z31/1111 (2085 GM 15.7%) in the inter.
vention armm, with an adjused sk mtio of 079
[65=114) [Eupplementiry Table 57). Cormbition be.
tween adherence and unfveurable outcome was
emined a8 in Supplementiry Table 54, There does
appear o be a rebtionship a5 those with lower adher.
ence show a higher proportion with poor oubomes. We
show some measures of fidelity with regands to phone
calls in Supplementary Table 56, that show a kigh pro-
partion [T5-813¢) of epiades where 2 phone all was
requited, were succssfully amntacesd.

Discussion

Among people treated for D5-TH, we of DAT with
differentiated care msubed n mproved trextment
adherence when using 2 proxy mesmme of “doys the
medication monitr was opened” in the intervention
verms SoC arm, when mezsured 25 either the propar.
>BFE), ar the scondary outames of overal] adherence
and percentage manths with <805 adherenes. Although
adherence was improved, ther was no sgnificant dif.
ference in end of featment outcome or unfavouralle
ouome at 18 months among peope treated for DE-TH
in the mtervention vemsus 50C arms. Thers was some
inbalarice HIV stitws and ART by arm which
could hove aceomisd for beter adherence [fower
mumbers with HIV) and poorer trextment outcomes
{lower % with HIV on antiretmvirals) in the inberven
tion arm, although adjustment for HIVJART status was
conducted These reslts am wiy consisent o the
chisten mmdamised trial done n China™ where adher.
ence was improved but did mot kead o mproved treat.
ment oukomes or reduced meorrence, but differ from
an indivichally andomised trial n Tibet, which used a
treatment supparter and digitl devics (pillb and video
suppurted themapy fir those with adherne challengs),
and showed bath improved adherence and treatment
ouomes™ In addition, pragmatic chster randomised
trizk conducted m fur countries under the same pm-
tocol showed no improved trestment outcomes wsing
digit] adherence wals.™

are studies in other helds which show improved
adherence yet fail to show a difference m biological
ouromes "= The delinking of adherence and outcome
is likely due o either the imcoracy of the adherence
mesurement ar the insensitivity of the TB treatment
oukome mesures, As found in the qualiative wak
when peaple reported opening the box to deal with the
rrisamce of reminders, # may be that in the SoC arm,
bem opemings may haw been less frequent since there
wen no rermnders and no consequence 1o not opeming
the bex i this group ™ The problem & that there is no
gald standand for measuring TB adhérence. Evidence
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from HIV studies can be considered to understand how
mesurements using box openings may be 2 geod
mezsure of adherence 25 viral bad suppresiom & a
much more reliable indicainr of adherne o treatment
A reent Cochmane review,™ that compared electronic
medication monitoring against viral laad suppression in
people Eving with HIV, found anly 3 studies, with 2 bl
of 186 patticpants Semsifvity of e adherence
measumd $inmugh bax openings mnged from 605 ©
28% and spedfcity mnged from % to 7% I a
mecent study of 198 people living with HIV with MDER-
TE, modeling identifed 2 sgnificant [F < 0.001),
limear assodation between ART adherence and emer
gent EI[VmW:mmm
without 2 specific threshald * Further studies © une
derstand the relationship between medication openings
and adheren e through testing of metabolits may assist
in understinding the data.
TE treatment oukomes can be nensifive™™ and
may overestimate trestment siccess o2 routine proe
grammes, espedally in e new TB e of molecubr
dqm‘tu[mﬂ.:hglﬂmpu‘hmofmﬂr:q;hn
TB on treatment), whene tresment succes is mosdy
made of reatment @mpletion mther than cume. Clindeal
trials use mare mbust outmmes™ fat mchude multipe
cubtures and pest tretment followup and that may be
wiry thers was 2 more 2 maore dired ssociation betwesn
adberne and tresment oukomes identified in TB
treatment triak. In our pragmatic study, we collected
amie spetum cubure 3t month 6 and anoteer 2t month 18
which may not have been sufficent o detect progres
5i0m 1o trztment frhre or ebpee. In addition, due o
operationa] diffculties COVID-19 dismuptions and par.
ticipants beireg unable to produce sputum, we wene anly
able to determine iological outeomes in 308% at6
memths and 29.1% at 18 menths, speaking to the difh-
culties with oukomes defmitions. A stidy conduched
amiang popke with DRTE showsd that bedaquilne
adherenee through 6 months mdependently predicted
emel of MDR-TH treatment outcome,™ and # may be that
mare intensive lacteriaogical ftoring o routine
o bk bl o &t
As with HIV,™ sueeesful TH treatment outcomnes
may mot mequire perfect treatment adherence for s
cesaful treatment outaymes, ie., the tratment regimen
may be mome “forgiving” than origimally sssumed ar the
timing of mon adherence may play 2 mle. Since the end
af the DOTs e, there has been litde dat exploring TR
ence sen in our 5ol arm may be sufficient for 2 TH
cure. Historially there wene mgimens, particubicly in
the comtimuation phase, that were thrie weskly or at
least not daily |5 days per week), ™ therefore the bek of
improvement may reflect the forgiving nature of the
megimen for most mtients. The amlyss of the adher
ence duta of the tratmentshoreming triak, 5 well
the ocormlafion of adherence and oukomes may
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oot comtradict this * Furfher analysis to understind
whether paterns of adherence and timing of poor
acfhe emice ame related i outoomes are plmned.

We have comsidered whether the discomlance be
e our adhenemcos and treatment outiymes, madd be
that the sty popubition [and therefos the contral)
may have besn lesm “hardpdmat™ (2= described by
Imperial et al) which refers to PWTE with aner pos-
itivity and avitaiory lung diseae, who do not mspond
well o freatment.” As our study had very few enchsion
eriteria and induded all people with dmug suseptible
PWTE in outpatient climics, we think this is unlioeh.
Compared © tril participants, we did have a2 lower
mEoprto with smear psitve disese [P0% versus
905} anud although we didn’t have chest sy fmdings,
we had a higher proportion of participants who wen:
HIV positive in our study population [535% wsus 165,
inlicating that we may have had les cavitatory diseass.

When considering whether this imervention should
be implemented, commideration of imues of fesibiliey
amul accepubility am imporant. The published work
from this study m quabiative merares suwch as feas.
hility and acceptbility have shown that the medication
momiiors ame very well received by people with TB and
health care providers™" and that may ndice that smee
fhere was o harm caused by the intervention, # may
atill be worth considering. Further supporting evidence
for acceptalility have ala been published foom studies
inchuding Ethiopia, Tarsania, and Philippines

A major strength of our study was thatit was a lage.
aale implementation izl and one of the fst tals n
the warld to mezsre TH adherence and TH trestment
outoames amaong patients treated for DS-TH using real
time adherence monitoring. Strengths inchide: squal
Tepresentation of seves; duster andomised design that
allowed omparisn n 2 more routine setting: the
documentation of adherence using the silent monitars
mmnmn]:t:lmd.ﬂtfnﬂnwupu&"pm:ﬁrr
tmmntmphhm.]'h:h.ldrmm}mdﬂnu jom s
af South Africa, with varied TB dmhnﬂ:n.]t:]ﬂl
mfluence behaviour, so flexibiity and
awhptability and geromlsabiliy of the miervention
Our study was complemented with quabittie and
ecmnomics research which allows 2 mom halstic eal
wtion of DAT™ Our imiti] data indicte that the
differentiated care intervention was implemented with
high fdebity.

Weaknemes mclude the rebitively small mumber of
des We ako mlied on stndird mezmirement of out-
wmes although we did attempt to inchude TH cubtures,
the sputums wer often not collectsd at the six and
sighteen manth paints, and loss to follow up of partic-
ipants. Another weakness of the stdy was that our
adhemmce dats was not supported by the messurement
af another abjective adherence mesure eg., INH urine
metbaies * The pagmatic mture of the il was a

:'tmla:ﬂ: a5 it alkweed for realowarld m'p]mmhlt
it ala meant that problems such a5 COVID-19 chime

shutdowns and social unrest mpacksd our mezsure
ments of outmmes and morezsed bes o follow up,
although this would hove afected both arms. Them
wene some facilities in high crime areas where cinic
closums were @mmim br afety e and which
prevemed home visits whens thes woull hawe besn
reuined

In conchsion, our trial supports further evahation
of digital adherence tooks for adherence support for TR
az we did demeonstrate an improved adhernee by using
fhmndmmmndd:ﬁumdm

in people with DS-TB @ South Africa. Although then
was an improwed adherence, there was no significant
diffe rence in un wumble oetcomes in people with DS-
TH. The masons for the limitd impagt of improved
adherence on dinial outcomes ame likely complex, may
be rebated o mtterns of adherence and differential wee
of the medication momtor betwesn te amms is mpagble
If the impas memeaed adhernce m unfavourable
ourkmmes m mm:su]:-ndlmh.ﬁrm‘pkamm‘;fn-
males & real, this & poentially a very important nier-
mﬁm.ﬁhﬂ,'ﬂzr:mjﬂlth:mdmﬁnﬂnim
mare invahement of patients healhoare workers to co-
develop Tberwentions.
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Appendix B — Ethical clearance certificates

HE
University o' w"“’ﬁw
of the Witwatersrand, & ko)
Johannesburg Z z
Human Research Ethics Committee: (Medical)
FWA Registered No IRB 00001223 ‘o, . R
ANNES

SECRETARIAT: Suite 189, Private Bag »x2600, Houghton 2041, Seuth Africa Tel: 427-11-274 9200 Fac +27-11-274 9281

15 Movember 2018 EM D (8] D

Ms R Wills

Regulatory Manager

The Aurum Institute: The Ridge
29 Queens Road

Parktown

2193

Fax: (0B6 759 2728

Dear Ms Wills,

: AUR2-1- = TBM HERENCE E NTS P H
TH DICATI TOR FEREN ARE AFP| PR B
ADHERENCE

ETHICS REF NCE i1
RE: FINAL ETHICS APPROVAL

This is 1o certify that the above-mentioned trial has been approved by the University of the Witwatersrand, Human
Research Ethics Committee (HREC), and the Protocol/Expert Reviewer, Date of Meeting where trial was
reviewed: 27 July 2018.

The University of the Witwatersrand, Human Research Ethics Committes Approval Granted for the above
mentioned study is valid for five years. Where required by Sponsor to have approval on a more frequent basis it
remains the responsibility of the Sponsor and Investigator to apply for continuing review and approval, or for the
duration of the Trnal.

1. It is the responsibility of the Sponsor and Principal Investigator to ensure, where required, that relevant
approvals are in place and compliance with the following is adhered to before a trial may begin:

* Iftrial is being conducted in Provind al Health facilities: Approval from the Hospital CEQ / Clinic Manager /
District Research Committee (whichever is applicable) be obiained.

= The study is submitted onto The Mational Health Research Database (NHRD).

* The relevant approvals are uploaded onto the NHRD system: Ethics Approval, SAHPRA Approval, Hospital
CEO/ Clinic Manager / District Research Committes Approval.

" A copy of the SAHPRA Approval andlor SAHPRA Notification letter must be submitted to the Ethics Secretariat
Office for record purposes (IF SAHPRA APPROVAL /| NOTIFICATION IS APPLICABLE).

* The study is conducted according to the protocol submitted to the Uni versity of the Witwatersrand, Human
Research Ethics Committee. Any amendments to the protocol must first be submitted to the Human Ressarch
Ethics Commiltee for approval.

* During the study, the University of the Witwatersrand, Human Research Ethics Committes is informed
immediately of :

* Any Unexpected Serious Adverse Events or Unexpected Adverse Drug Reactions, which, in the Investigator
and'or the Sponsor's opinion are suspected to be rélated to the study drug. {Refer to POL-IEC-001 and SOP-
IEC-005, Item 3.4).

*+ Any data received during the trial which, may cast doubt on the validity of the continuation of the study.
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¥ The University of the Witwatersrand, Human Research Ethics Committee is notified of any decision to
discontinue the study and the reason stated, A

* The Investigators authorised by this approval participate in this study. Additional Investigators shall be
submitted to the University of the Witwatersrand, Human Research Ethics Committes far approval prior to their
participation in the study.

" In the event of an authorised Investigator ceasing to participate in the study, the University of the
Witwatersrand, Human Research Ethics Committee must be informed and the reason for such cessation given.

2. PRINCIPLES OF INFORMED CONSENT:
* The University of the Witwatersrand, Human Research Ethics Committee requires that in all studies, the
Principles of Informed Consent are adhered to. This applies to volunteers as well as patients.

3. PROGRESS REPORTS:

* The University of the Witwatersrand, Human Research Ethics Committea requests that the SAHPRA Progress
Reports be subm tled twice a year either in March and Seplember ar six monthly from start of study to the HREC
Secretariat Offica - 011 274 9281 and a report of the final results, at the conclusion of the study. (IF APPLICABLE)

4, REIMBURSEMENT TO PATIENTS FOR TRANSPORT:
* The Human Research Ethics Committee: (Medical) is in agreement that reimbursement per visit Is according to

the South African Health Praducts Regulatory Autharity and that reimbursement should be appropriate according lo
the situation.

5. TRANSPORT AND STORAGE OF BLOOD AND TISSUE SAMPLES IN SOUTH AFRICA:

* If blood specimens are to be stored for future analysis and is planned that such analysis will be done outside
Wits, then the blood must be stored at a facility in Sauth Africa agreed with the relevant IRB, with release of sub-
samples only once projects have been approved by the local Research Ethics Committes applicable to where the
analysis will be done as well as by the Wits Human Research Ethics Committes: {Medical).

6. GENETIC TESTING:
* The Human Research Ethics Committes: Medical; will not approve open-ended genetic tesling as this does not
fit the Human Research Ethics Committes criteria.

7. GOOD CLINICAL PRACTICE:

* The South African Department of Health, South African Health Products Regulatory Authority requires Good
Clinical Practice (GCP) Training for all Investigators in Clinical Trials, and that GCP training be renewed every
three (3) years.

As yet, there are no National Guidelines for the content of GCP courses.  Until these are availablas the Wits Human
Research Ethics Committee (Medical) will note courses completed by Investigators without approval of the content
of the individual courses.

8. THE SUPPORTING APPROVAL DOCUMENTS ARE ATTACHED:

8.1 Ethics Approval Form signed by the Chairparson of the HREC - Kindly return the copy of the Approval Farm
signed by the Principal Investigator(s) per fax: 011 274 9281 for our records (this is applicable with the initial
Approval).

8.2 List of members present at the HREC meeting held as per INDEPENDENT ETHICS COMMITTEE
APPROVAL FORM
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8. WE AWAIT YOUR RESPONSES AS REQUESTED: Ensure to have these documents forwarded at the sarlisst
for the HREC records.

* SAHPRA Approval letter and/or letter of Natification before the above study may commence / or where an
Amendment may be implemented (IF SAHPRA APPROVAL / NOTIFICATION 1S APPLICABLE). It remains the
responsibility of the Principal Investigator andlor Sponsor to ensura that the relevant approvals are in place.

* Copy of Independent Ethics Declaration Approval Form signed by the Principal Investigator. (this is applicatle
with the initial Approval).

“ Kindly forward the above to the undersigned at fax: 011 274 9281 at your earliest convenience,
The above has been noted for the Ethics Committee information and records.

KINDLY FORWARD TO THE RELEVANT INVESTIGATORS /CRA/ SPONSOR/
STUDY CO-ORDINATORS - WHERE APPLICABLE

Regards,

For and on behalf of the Human Research Ethics Committee: (Medical)
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i : B UNIVERSITY OF CAPE TOWN
LW Faculty of Health Sciences
Human Research Ethlcs Committee

Room E53-46 Old Main Bullding
Groote Schuur Hosplital
Observatory 7925

Telaphona [021] 405 6492

Emall: W

21 September 2018
HREC REF: 452/2018

A/Prof C Orrell

Desmond tutu HIV Foundation
N1.21,15 WBN

FHS

Dear A/Prof Orrell

PROJECT TITLE: TB INNOVATIONS ADHERENCE PROJECT: THE USE OF MEDICATION
MONITORS AND A DIFFERENTIATED CARE APPROACH TO IMPROVE TB ADHERENCE

Thank you for your response letter dated 27 August 2018, addressing the issues raised by the Human
Research Ethics Committee (HREC),

It is a pleasure to Inform you that the HREC has formally approved the above-mentioned study,
Indudlnq the following decumentation:

. PISynopsis v1 dated 29 June 2018
2. TB Menltoring Adherence and Treatment Endpoints PROTOCOL v2.0_28August2018-CAPE-
TOWN
3. Appendix 1_Interview Gulde-Particlpants _V1
4, Appendlx2_Interview Gulde-DoH Key Stakeholders Facility Staff_v1
5. PIS_ICF_Maln_study_ADULTS_intervention_v2.0_28Aug2018-CAPE-TOWN
6. PIS_ICF_Main_study_PARENT_Intervention_v2.0_28Aug2018-CAPE-TOWN
7. PIS_ICF_Main_study ASSENT_Intervention_v2.0_2B8Aug2018-CAPE-TOWN
8. PIS_ICF_Main_study_ADULTS_control_v2.0_28Aug2018-CAPE-TOWN
9, PIS_ICF_Main_study PARENT_control_v2.0_28Aug2018-CAPE-TOWN
10. PIS_ICF_Main_study_ASSENT_control_v2.0_28Aug2018-CAPE-TOWN
11, Patlents_qualitative _PIS_ICF_v2_28August2018-CAPE-TOWN

12, Stakeholder_qualitative_PIS_ICF_V2_28August2018-CAPE-TOWN
13, Summary budget

Approval |s granted for one year untll the 30 September 2019.

Please submit a progress form, using the standardised Annual Report Form If the study continues
beyond the approval period, Please submit a Standard Closure form if the study Is completed within the
approval perlod,

(Forms can be found on our website:

Please quote the HREC REF in all your correspondence,

Please note that the ongoing ethical conduct of the study remalns the responsibllity of the principal
Investigator.
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Please note that for all studles approved by the HREC, the principal investigator must obtain appropriate
institutional approval, where necessary, before the research may occur,

Yours sincerely

/

CHATRPERSON, FHS HUM SEARCH'E cotiM N

Federal Wide Assurance Number; FWA0D001637,

Institutional Review Board (IRB) number: IRB00001938

This serves to confirm that the University of Cape Town Human Research Ethics Committee complies
to the Ethics Standards for Clinical Research with a new drug In patients, based on the Medical
Research Council (MRC-SA), Food and Drug Administration (FDA-USA), International Convention on
Harmonlisation Good Clinical Practice (ICH GCP), South African Good Clinical Practice Guldellnes (DoH
2006), based on the Assoclation of the British Pharmaceutical Industry Guidelines {ABPI), and
Declaration of Helsinkl (2013) guidelines,

The Human Research Ethics Committee granting this approval Is in compliance with the ICH
Harmonised Tripartite Guldellnes ES: Note for Guidance on Good Clinical Practice (CPMP/ICH/135/95)
and FDA Code Federal Regulation Part 50, 56 and 312.
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