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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 (DOTS), 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 evriMED 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 evriMED 

device and differentiated care from a PWTB perspective 

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

perspective 
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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. 
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Acceptability:  

PWTB 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]. 

 

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. 

 

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.  

 

Figure 3: TB MATE Intervention. Differentiated Care Approach. 

 

1.9 Justification for the research  

Comprehensive evidence on the implications of DATs 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 



 

 

20 
 

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 evriMED 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 
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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. 

 

 

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 DATs 

implementation. The only remaining gap is the budget impact analysis which will not be 

addressed through this PhD but through subsequent research. 

http://www.eupati.eu/
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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 DATs both in SA 

and globally. 

 

Hüsler 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 Hüsler 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. 

 

Hüsler 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  Hüsler 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 DATs 

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]. 

 

 

Hüsler 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 Outcomes 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 DATs 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 DATs 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 DATs in South Africa 

Author, Year Setting DAT Tested Aspect(s) 

assessed 

Target 

Population 

Findings Limitations 

Hüsler J et al, 

2005[25] 

Cape Town, 

SA 

SMS 

reminders 

Impact 

Feasibility 

Acceptability 

New sputum 

smear-positive 

patients 

Monitoring for treatment adherence 

is a problem where patients are not 

seen daily so study could not 

accurately measure if adherence had 

improved or not. 

Cost-effectiveness was not 

assessed. Small study  

implemented in a limited area 

so findings cannot be 

generalized to all of South 

Africa. 

Broomhead S 

et al, 2012 

[24] 

Northern 

Cape, SA 

Digital 

pillboxes 

TB treatment 

outcomes  

Cost per 

patient 

New sputum 

smear-positive 

patients 

Reduced cost per patient as a result 

of cost savings from improved 

treatment outcomes. 

Acceptability and cost-

effectiveness were not assessed. 

Bionghi N et 

al, 2018 [23] 

Kwa-Zulu 

Natal, SA 

Electronic 

pill box 

 

Accuracy  

Acceptability 

Drug Resistant 

TB patients 

Wise pill was more accurate (100%) 

compared to seven-day recall (0%) 

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. 

Cost-effectiveness was not 

assessed. 

Tadesse AW 

et al, 2024 

[30] 

Ethiopia 

Phillipines 

South Africa 

Tanzania 

Smart 

pillbox 

Medication 

labels 

Feasibility  

Acceptability 

Drug-sensitive 

TB patients 

Pillboxes and medication labels with 

differentiated care support were 

feasible to implement and 

acceptable 

Perspectives of health care 

workers and other 

stakeholders were not assessed 
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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. 

 

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 
 



 

 

36 
 
 

 

3.4 Study design 

I 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 evriMED 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 evriMED 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. 

3.6.4 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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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 evriMED 

device and the differentiated model of care. This paper 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. 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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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 evriMED 

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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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 



 

 

95 
 
 

 

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. DATs 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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