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Executive Summary

Background

South Africa continues to carry one of the highest TB burdens globally and accelerated efforts are
needed to achieve the SDG target of ending the TB epidemic by 2030. Strengthening the TB
response will be required to progress toward the National Strategic Plan Target of reducing the TB
incidence by 26% by 2021, and increasing TB cure rates to 90% and 75% for drug sensitive and drug
resistant TB respectively.

Digital and mobile health technologies offer an additional mechanism to support the prevention,
detection, treatment and cure of TB in South Africa, especially given the very high mobile phone
usage rates. mHealth solutions hold promise for decreasing loss to follow up and increasing
adherence. In SA there are several mHealth TB initiatives though the following challenges have
been identified:

-high degree of fragmentation

-limited applicability and sustainability

-solutions that address only part of the care pathway

-ensuring data protection and patient confidentiality

-little evidence for improved outcomes or impacts from m-Health solutions

-solutions don’t integrate with national health information systems

The overall goal of this review was: To evaluate existing mHealth technologies and applications
applied to TB in South Africa to provide evidence to inform a more universal mHealth solution for TB
in South Africa

The objectives were consolidated into the scope of work which had the following elements:

1. To conduct a literature review and landscaping on existing mHealth for TB solutions in South
Africa

2. To consult relevant institutions involved in mHealth implementation to understand how mHealth
solutions have been used and how effective they have been.

3. To conduct a gap analysis to evaluate teh existng mHealth technologies identifying what has
worked/not worked well as well as the coverage of the care pathway

4. To produce recommendations on how existing solutions can be strengthened and/or new apps to
support the TB programme.

Methods

The review comprised three data collection methods: 1). a review of published and unpublished
literature 2) Key Informant interviews with four experts 3) In-depth interviews with nine
organisations who have developed m-Health solutions for TB in South Africa using a standardised
interview guide. The interviews collected information on the key focus areas of the solution, the
reach/uptake, impact/effectiveness, funding, sustainability and integration with existing solutions.
Additional features that were explored were regulatory compliance including patient confidentiality
and data security, interoperability and linkage to the wider health system and mapping of the apps
to the TB care pathway. An analysis of the data was conducted by assessing how the current
solutions addressed the identified challenges.

Findings

Literature review: The literature documented several pilot studies, with little data on the transition
from small studies to integration and insitutionalising mHealth solutions into national systems.
Nonetheless, several challenges to scaling -up were identified, namely: lack fo clinical effectiveness
data, privacy concerns, insufficient training, lack of access to phones or data, and low literacy levels
when using text messaging. A gap in evaluations was noted, both implementation and clinical




outcome studies. However, the literature suggested increased health system efficiency resulting
from mHealth solutions.

Key Informant interviews: These revealed the importance of integrating into systems such as NHLS,
EDR and ETR for achieving national scale-up of interventions. The Indian experience highlighted the
importance of strong leadership within as well as effective partnerships between government,
funders, developers and implementing NGOs was emphasised for the success of a national ,
universal mHealth system. Moreover, open source software and mandating that all new
applications are interoperable were additional enabling factors to success in India, where an
mHealth solution for TB has been scaled up.

Review of mHealth solutions in South Africa : The interviews with nine organisation representatives
revealed that the majority of the solutions are in pilot stage, with very few formal evaluations
conducted to date. Fragmentation was at least partly driven by the isolated funding, development
and implementation of the solutions with a lack of oversight and co-ordination. Funding was
through external donors, notably USAID, CDC, BMGF and NIH, with each solution funded by a
different donor (other than NHLS and NICD solutions). Other than Mobenzi which was the software
developer for two solutions (Catch and Match and I-Beat TB), each solution used a different app
developer. Very few mHealth solutions were planned with the view to integrating with national
systems at the outset, and the majority were developed in isolation of other solutions or systems.
The exceptions identified were Catch and Match, and TB/HIV Care solution. Catch and Match had
numerous partners and intentionally planned for interoperability with the Western Cape Provincial
data warehouse, DHIS2 and NHLS. This was greatly facilitated by including a partner such as Jembi, a
non-profit organisation that focuses on health information systems and interoperability. Most
applications were piloted in selected districts, with the NICD and SAPS TB screening applications
implemented at a national level, though the latter was only targeted at SAPS members.

While no solution covered all areas of the TB care pathway , the majority of the solutions targeted at
least more than one point on the TB cascade. Most of the selected projects focused on treatment
initiation which was closely linked with diagnosis. ConnectTB (URC), miLINC (NHLS) and Catch and
Match (Philani) targeted three, four, and five areas respectively. The only mHealth solution that had
published evaluation results was for iBeat TB, with two other solutions (TB/HIV Care and Treat TB )
having outcome results presented at conferences. iBeat TB showed non-significant improvements in
outcomes and time to treatment. Despite demonstrating impressive improvements in time to
treatment initiation linked to the application, TB/HIV care discontinued its use due to lack of
funding. PRHU is planning a cluster RCT to assess the effectiveness of its mobile application.

Discussion and Recommendations

The review revealed that to achieve a strong universal mHealth solution for TB in South Africa strong
leadership and greater co-ordination at national level both with current solutions as well as
between key government departments, is required. Fragmentation of mHealth solutions in South
Africa was confirmed with unco-ordinated pilots funded, developed and implemented in isolation of
national systems and other initiatives. Several promising pilots were appraised, but there was very
little evidence of effectiveness and/or feasibility from formal evaluations. No solutions addressed all
identified challenges such as interoperability and integration, privacy, application to the full TB
pathway and evidence of impact/effectiveness. However, Catch and Match in the Western Cape
through partnerships with government and UCT has integrated into the WC information systems
from the outset. Moreover, this solution addresses the majority of elements on the TB clinical
pathway. An important barrier to both the continuation and scale up of any solution is the cost of
data and devices. Pilots that have included existing health services staff such as CHWs are likely to
be integrated into the health system more easily. A minimum set of criteria for mHealth TB
solutions need to be established and align with the SA normative standards for interoperability and
the SAPOPI Act. Mechanisms for ensuring compliance to these are required. A summary of general
recommendations is outlined:



RECOMMENDATIONS

Category Recommendation
1. The National TB Control programme to be central to leading mHealth solutions that
support and strengthen national TB efforts
2. Funder collaboration for mHealth TB solutions using set criteria is required
Leadership 3. Build on the SA political commitment towards eradicating TB recently demonstrated

4. Improved co-ordination between the relevant programme and systems units within
the DOH
5.  An mHealth TB Symposium be organised by the National TB control programme and
TB Think Tank
Collaboration and 6. Following the above recommendation, the formation of a core leadership group
Partnerships mandated to take on the co-ordination of mHealth TB solutions
7. Following above, the development (or adaptation) of an mHealth TB knowledge
sharing platform
8. The establishment of a system with one coherent architecture that all mHealth
solutions can interface with and that all stakeholders are committed to align with to
ensure interoperability
Key Enabling Factors 9. Formal public-pr.ivate partnershi[:?s are recommended between the Department of
for Scalabilit Health and Mobile !\letwork providers . . . -

y 10. That mHealth solutions are developed, piloted and implemented in partnership from
the outset so that scaling up and integrating with routine data systems can take
place.

11. Key national structures need to be optimally engaged in the mHealth TB plan.
12. mHealth solutions for TB need to be part of a wider digital health system;
Technical 13. Through national leadership, and in collaboration with funders, allmHealth solutions
Considerations for TB need to follow a minimum set of criteria and evidence of compliance to these
need to be demonstrated.
14. Key effectiveness and implementation research needs to form part of the planning at

Evaluation

the initiation of mHealth TB solutions and findings shared through digital platforms,
reports, publications and evidence briefs.




1. Project Background and Rationale

This review of Tuberculosis (TB) and related mHealth solutions in South Africa (SA) was
commissioned by the Aurum Institute on behalf of the National TB Think Tank. As was outlined in the
project’s Terms of Reference (ToR), the burden of TB in SA remains high despite improvements [1].
Major barriers include late presentation of patients to health facilities, poor drug adherence and
retention of patients in TB services.Innovative approaches such as mHealth applications or systems
could help combat these types of challenges through facilitating education, quality improvement
and social support services [2,3,4]. Although numerous mHealth technologies have been introduced
into the country in TB and other disease areas, there is a paucity of information regarding their
effectiveness in the SA context [1, 5). In addition, interoperability between different solutions as well
as with government information systems remains a challenge [1, 6]. Thus, the aim of the review

was: “To evaluate existing mHealth technologies and applications applied to TB and related areas
(HIV)" in SA to inform an mHealth solution for TB in SA” [1].

2. Objectives

The project comprised four areas of work/scope of work(SOW):

SOW1: Conduct literature review and landscaping on existing mHealth solutions in SA;
SOW?2: Consult relevant institutions involved in mHealth implementation;

SOW3: Conduct a gap analysis, and

SOW4: Produce a technical report with recommendations [1].

The four SOWs aimed to fulfil seven objectives (see Figure 1) presented through key deliverables
(see Appendix A).

SOW1 Objective 1: Objective 2:
Literature review Information gathering

Objective 2:
Information gathering

[}
_ll % _I[

Objective 3: Objective 4- Objective 5: Ohbj gct'n'e 6:
Assess against TgR,  Assess regulatory Aszess Mapping to TB
challenges compliance interoperability workflow
Objective 7:
Provide
recommendations

Figure 1: Project Objectives in relation to the Scope of Work

'Review focused predominantly on TB solutions



3. Methods

The review was conducted between September 2018 and January 2019. The process and output
were refinedthrough feedback from the TB Think Tank secretariat as well as RTHD associate Peter
Benjamin, an mHealth Expert. The review was guided by key frameworks identified at the beginning
of the project. These will be discussed below followed by the processes undertaken to fulfil each
objective.

3.1. Review Frameworks

This review was guided by threekeyframeworks, adapted appropriately.

1.The mERA (mHealth project criteria adapted from mHealth evidence reporting and
assessment)guided a comprehensive description of the key elements of each mHealth project,
drawing from both the literature review and interviews [7] (see Appendix B).

2. The MAPS (mHealth assessment and planning for scale) toolkit, developed by WHO%aims at
evaluating mHealth projects/pilots from a systems perspective to inform scale up that is sustainable
and feasible [8]. This framework helps assess the mHealth ecosystem in which an intervention
operates. Thus this framework was utilised to guide data extraction from literature and interviews.

3. Lastly a document entitled “Classification of Digital Health Interventions v1.0” was sourced to
categorise projects identified in the published literature search and evaluated in the interviews[9].

3.2. Objective 1(SoW 1)
Objective 1 comprised a review of literature as well as a landscaping of active mHealth projects,
developers and applications in South Africa. Published literature from a targeted search for TB
mHealth interventions (See Appendix C for search strategy)® was reviewed in addition to documents
identified by the mHealth expert and TB Think Tank members. An iterative internet search to identify
applicable mHealth TB projects in South Africa. All these activities, supplemented with insights from
the mHealth expert and TB Think members Tank enabled the team to define a list of key informants
to interview as part of Objective 2 (SOW2).

3.3. Objective 2 (SoW 1 &SoW?2)
Five key informants were identified for informal telephonic interviews (SoW1). Ten organisations
were selected for in-depth interviews(SoW2) which were conducted utilising an interview guide
informed by the above-mentioned frameworks and verified by the team mHealth expert (Appendix
D). The first two interviews were attended by two researchers to ensure the template was practical
and facilitated the collection of all the relevant information. All information was then captured and
formulated in a standard word document template. Once interviews were written up they were sent
back to the interviewees for confirmation.

3.4. Objectives 3 to 6 (SoW 3)
SOW 3 aimed to address several objectives (3-6) from the ToR. SoW 1 and SoW2 (encompassing
objectives 1 and 2) were structured to collate information in a manner that facilitated addressing
these objectives. The analysis assessed how current solutions addressed challenges highlighted in
the ToR. Insights were drawn from the literature,global and South African specific, landscaping and
interviews with key stakeholders to assess the evidence-base and current practice.Furthermore, the

2with numerous partners including: the United Nations Foundation; the UNDP/UNFPA/WHO/World Bank Special Programme of Research,
Development and Research Training in Human Reproduction; and Johns Hopkins University.

%See Progress Report 1 for further details



analysis assessed gaps in terms of levels of care, geographical reach, and integration with health
systems. Intervention were mapped along the TB care pathway to ascertain gaps as well as potential
alignment

3.5.0bjective 7 (SoW 4)
Recommendations were guided by the MAPS Toolkit, key themes that arose during the project as
well as the mapping of points for potential integration.

3.6. Dissemination
A PowerPoint presentation will be formulated to facilitate dissemination. With permission from the
TB Think Tank and Aurum, an abridged version of the final report or Executive Summary may be sent
to the interviewees.

3.7. Ethical Considerations
All participation in the interviews was voluntary and interviews were written up and returned to the
interviewees for confirmation before inclusion in the reports. Individual names were removed from
the final report



4. Research Results
4.1. Objective 1

4.1.1. Published Literature®

This focused literature review aimed to provide insights to guide SOW2, SOW3 and SOW4 of the TB
mHealth review.

The search of the published literature resulted in 27 documents included for review, categorised as
either a ‘general document’ (11 documents) or ‘project specific document’ (16 documents). The
‘general document’ category included predominantly guidance papers and systematic reviews on
mHealth and TB. The ‘project specific document’ category outlined a particular TB mHealth solution.
Each category will be discussed separately below.

4.1.1.1. Category: General Document
Table 1 below shows the 11 documents included by country focus, disease target area and article
type. Most documents had a global focus, except for: The systematic review by Ojo (2018) which
centred specifically on South Africa [5]; The guidance paper developed by Timimiet al. (2012)
targeting LMICs [10]; The systematic review conducted on Brazil by Nsengiyumvaet al. (2018) [11];
and the study conducted by Person et al. (2011), a survey undertaken in an HIC context [12]. A
summary of each document can be found in Appendix D.

Tablel: Documents included in the 'general document' category

Document Country Focus Disease target area Article Type

Ojo 2018 SOUTH AFRICA Multiple Systematic Review

Nglazi et al. 2013 Global TB Systematic Review

Devi et al. 2015 Global TB and HIV/AIDS Systematic Review

Ngwatu et al. 2018 Global B Systematic Review

Nsengiyumva et al. 2018 Brazil B Cost-effectiveness Analysis

Denkinger et al. 2013 Global TB Literature Review

DiStefano & Schmidt 2016 Global TB Literature Review &

framework development

Falzon et al. 2015 Global TB and Tobacco Guidance paper and
Control framework development

Falzon et al. 2016 Global TB Guidance paper

Timimi et al. 2012 LMICs B Guidance paper

Person et al. 2011 HICs Multiple Empirical (description of a

qualitative survey)

4.1.1.2. Category: Specific Document
Of the 16 articles included, four articles focused on interventions in HICs and thus will not be
summarised in this review document. Table x below shows the target areas of the remaining
different projects (12 articles). No projects targeted the full clinical pathway, with most covering only
one or two areas. Three projects focused only on treatment adherence, which has already been

*See Literature Review Summary Report for full details



covered extensively elsewhere, thus the summariesfocused on the remaining nine documents (See
Appendix D).

Table2: Documents included under the ‘project specific document' category

Screening / Treatment Treatment Clinical
Diagnosis
Article Prevention Initiation Adherence Support
Ha et al. 2016 v v v X X
Zimic et al. 2009 X v X X X
Chadha et al. 2017 X v v X v
Chaiyachati et al. 2013 X X v v v
Choun et al. 2017 X X v v X
Maraba et al. 2018 X X v X X
Bediang et al. 2014 X X X v X
Garfein et al. 2015 X X X v X
Hirsch-Moverman et al. 2017 X X X v X
Huang et al. 2017 X X X v v
Nhavoto et al. 2017 X X X v v
Blaya et al. 2006 (2008, 2009) X X X X v

4.1.2. Review of Key Documents / Grey Literature
4.1.2.1. Toolkits and frameworks

The following were appraised and integrated into the review framework and interview guide (see
above under Methodology):

1. mHealth Evidence Reporting and Assessment Guidelines (mERA) [7];
2. WHO MAPS toolkit: mHealth Assessment and Planning for Scale [8];
3. Classification of digital health interventions v1.0 [9].

4.1.2.2. Unpublished documents
The following documents were reviewed and summarised (See Appendix E):

1. TB REACH (Wave 6) Improving TB Treatment Adherence and Outcomes;

2. Documents from an OpenHIECommunityMeeting held in Tanzania in July 2018;

3. Presentations at a USAID Workshop on Digital Health Technologies for TB held in India 2018;
4. Presentation from the Global Digital Health Forum, Washington DC in December 2018

4.1.3. General Search

An iterative internet search revealed several additional projects in South Africa (not exclusive to TB)
and not selected for more detailed enquiry, which are tabulated below.



Table 3: Internet search for mHealth solutions in South Africa

App Name Disease areas Focus areas
Vula Mobile All Education/ knowledge sharing/ Training
Smart Health App HIV/AIDS, TB and Education
Malaria
SIMpill All Treatment Adherence / Clinical Support
PHC Clinical Guide by SA MRC All Education / Diagnosis / Clinical Support / Data
Collection
TB Clinical Guide (by Metropolitan TB Clinical Support

Health Corporate (Ptd) Ltd) part of
the Open Medicine Project

hidlife health portal (by HIVSA) HIV and TB Prevention / Knowledge sharing

New app being developed by Aviro | HIV and TB Clinical Support

Health

Ithaka (by Aviro Health) HIV, Diabetes and Treatment Adherence / Clinical Support
other chronic
conditions

B-Wise, NDoH SRHR, HIV, AIDS and | Prevention / Knowledge sharing / Guidance /
TB Access / Data collection

ChomaMagzine, HIVSA SRH, HIV, AIDS and Prevention / Knowledge sharing / Guidance /
TB Access

Lovelife text-based counselling All Counselling / Guidance / Access / Support

service, New lovelife Trust

4.1.4. Interviewees identified

Based on the findings from the reviews conducted above and in consultation with the TB Think Tank
and NDOH, the following key informants were identified for informal telephonic interviews:
1. Dr. Dennis Falzon from World Health Organization (WHO);
National Department of Health (NDoH) representative from the TB Programme;
NDoH representative for Tier.net;
Andrew Cross from Everwell; and
Jon Rathauser from Keheala

ukhown

Furthermore, the following organisations were selected for in-depth interviews:
. Aurum Institute

. Perinatal HIV Research Unit (PHRU)

. University Research Company (URC)

. National Health Laboratory Services (NHLS)

. National Institute for Communicable Diseases (NICD)

. Hello Doctor

. TB HIV Care

. Desmond Tutu HIV Centre and

. Philani

O o0 NOULEA WN
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4.2. Objective 2

4.2.1. Key Informant Interviews

Summaries of each interview can be found in Appendix G. Unfortunately, despite numerous
attempts, the team was unable to conduct interviews with NDoH representatives from the TB
Programme or regarding Tier.net. However, the remaining interviews provided useful insights. In
particular, Dr. Falzon asserted the importance of integrating systems such as NHLS, EDR and ETR. A
model in India focusing on TB treatment adherence (Everwell) was mentioned as a good example of
national scale up which could have particular relevance to South Africa. The telephonic discussion
with Andrew Cross from Everwell further confirmed this. The successful implementation was guided
by strong leadership within the Indian government as well as effective partnerships between
government, funders, developers and implementing NGOs. The interview with Keheala revealed that
there will be some promising evidence to come from a randomised control trial conducted by the
organisation in Kenya which focused on behavioural interventions for treatment adherence and
education.

4.2.2. In-depth interviews with selected organisations

Ten projects (two from NHLS) were focused upon in the interviews. Table 4 below provides a
summary of key descriptive components for each project. In addition, summaries of each interview
can be found in the appendix.
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Table 4: Summary of nine mHealth Projects for TB in South Africa

App Name

Interview
Organisation

Level

TB Continuum*

Developers

Device Type

Users

Evaluation

Coverage

No’s
reached

Project 1: Aurum Facility D Mobenzi Feature phone — |Patients and [Pilot Within pilot study — Gauteng -2 (319
i-Beat-TB Tl Patients &Tablet |Nurses results published facilities
— Nurses Maraba et al. 2018
Project 2: PHRU Facility Ed Tshimalogong |Feature phone — |Patients and [Pilot next step [Within pilot study — Northwest |700
PHRU Tl Patients &Tablet |Nurses cluster findings still to be Province -1
— Nurses randomised published facility
trial
Project 3: URC Facility TITA URC Smart phone - CHWs and Implemented |Ongoing evaluations, |15 districts  [As of
ConnecTB + District CS CHWs Nurses across results published as of |across 8 September
+ Pilot provincial Desktop — Nurse provinces 2017, 2018 still to Provinces 2017 - 924
follow. Formal process MDR patients
and costing and 1125 DS
evaluations will be patients
undertaken
Project 4a: NHLS Facility — District |D TLC Engineering |Feature phone — |CHWs and Pilot Process evaluation Gauteng -5 |[719 patients
TreatTB and TI(DR) Solutions with |CHWs&Desktop — |Nurses MDR (as of 2016)
Treat TB notify NHLS Nurses initiation
facilities; 96
facilities

12




Project 4b: NHLS Facility D eMocha Tablets — Nurses [Nurses Pilot stage Within Pilot Kwa-Zulu Unknown
miLink District TI TACS Natal - 5
facilities;
Eastern Cape
— 28 facilities
over 2
districts
Project 5: NICD National D NICD utilising  |Smart Phone or |Healthcare  |Full roll out No results for app National Unknown
NMP app Tl Microsoft Desktop provider and published but results
Surv Strategy NICD staff for Electronic
Dashboard published
in Lancet 2015’
Project 6: Philani Facility S Mobenzi Tablets — CHWs & [CHWSs and Pilot stage Only within pilot, Western 32 000
Catch & Match + District D Nurses Nurses process evaluation Cape-3
+ Provincial TITACS more informally —no [facilities
published studies
Project 7: TB HIV Care Facility S Unknown Smartphones— |CHWS and Pilot stage RCT —results KZN Unknown
TB HIV Care + District Tl CHWSs & Nurses |Nurses published at SA AIDS
conference —decrease
time to treatment
shown
Project 8: Hello Doctor |National — SA S Mac Mobile Feature phone Patients Implemented [None National Unknown
SAPS TB Police service with
screening Momentum
Project 9: DTHF Direct to patient  |TA Ayoga Smart phone Patients Pilot Acceptability study Western 60
Desmond Tutu Cape

HIV Foundation

*E=Education, S=Screening D=Diagnosis, TI=treatment, TI-DR Treatment Initiation Drug Resistance TA=treatment adherence, CS=Clinical Suppport ; Surv=Surveillance

*https://www.thelancet.com/journals/laninf/article/P11S1473-3099(15)00147-4/fulltext
Full report from NICD - http://www.nicd.ac.za/wp-content/uploads/2017/03/mPTB_in_2004 2015-1.pdf

13



http://www.nicd.ac.za/wp-content/uploads/2017/03/mPTB_in_2004_2015-1.pdf

In terms of health system levels, the projects developed by NHLS (Project 4a and 4b) and NICD
(Project 5) were intrinsically at National level as they leveraged upon national systems managed by
the entities themselves. Project 8 (SAPS TB Screening app) was also rolled out nationally however
the application focused only on screening and available only to the SA police service currently. The
majority of the solutions targeted at least more than one point on the TB cascade. ConnecTB
(Project 3), miLINC (Project 4b) and Catch and Match (Project 6) targeting three, four, and five areas
respectively. Projects involved predominantly patients, CHWs and/or nurses. Where there were
patient users, basic feature phones were adequate whereas most applications for healthcare
providers necessitated smart phones. Seven of the projects are either in or just post-pilot stage.
Project 3 (ConnecTB) has been implemented in districts across 8 provinces. Project 5 (NMP
application) and Project 8 (SAPS TB Screening app) has been implemented and rolled-out nationally.
Although Catch and Match is only in pilot stage in the Western Cape the application currently has
32 000 users. There was very little published or grey literature available on the projects and formal
evaluations still need to be completed with the exception of the |-Beat TB pilot.

As mentioned in the Review Frameworks section of this report, the WHO Digital Classification
framework was utilized to classify the projects for which interviews were undertaken. Results are
tabulated below. None of the projects have functionality in all four categories (Clients, Healthcare
Providers, Health System Managers, and Data Services). Project 5 (NMP application) and Project 6
(Catch and Match) each have some functionality in three of the four categories. Project 2 (PRHU),
Project 8 (TB SAPS applications) and Project 9 (DTHF) have functionality only in one area.

14



Table 5: WHO Digital Classification of Specific Project:

Category Sub-category PR1 PR 2 PR3 | PR4A PR 4B PR5 PR 6 PR7 PR 8 PR9

1.0 CLIENTS 1.1 Targeted Client Communication YES YES NO YES NO NO YES NO NO YES
1.2 Untargeted Client Communication NO NO NO NO NO NO NO NO NO NO

1.3 Client to Client Communication NO NO NO NO NO NO NO NO NO NO

1.4 Personal Health Tracking NO NO NO NO NO NO NO NO NO NO

1.5 Citizen-Based Reporting NO NO NO NO NO NO NO NO NO NO

1.6. On-Demand Information Services to Clients NO NO NO NO NO NO NO NO NO NO

1.7 Client Financial Transactions NO NO NO NO NO NO NO NO NO NO

2.0 HEALTHCARE PROVIDERS 2.1 Client Identification and Registration YES NO YES YES YES YES YES YES NO NO
2.2 Client Health Records NO NO YES YES YES NO YES YES NO NO

2.3 Healthcare Provider Decision Support NO NO YES NO NO NO YES YES YES NO

2.4 Telemedicine NO NO NO NO NO NO YES NO NO NO

2.5 Healthcare Provider Communication NO NO YES NO NO YES YES YES NO NO

2.6 Referral Coordination NO NO NO NO NO NO YES NO NO NO

2.7 Healthworker Activity Planning and Scheduling NO NO YES YES YES NO YES YES NO NO

2.8 Healthcare Provider Training NO NO NO NO NO NO NO NO NO NO

2.9 Prescription and Medication Management NO NO YES NO NO NO NO NO NO NO

2.10 Laboratory and Diagnostics Imaging Management YES NO NO YES YES NO NO YES NO NO

3.0 HEALTH SYSTEM MANAGERS | 3.1 Human Resource Management NO NO YES NO NO NO YES NO NO NO
3.2 Supply Chain Management NO NO NO NO NO NO NO NO NO NO

3.3 Public Health Event Notification NO NO NO NO NO YES NO NO NO NO

3.4 Civil Registration and Vital Statistic NO NO NO NO NO NO NO NO NO NO

3.5 Health Financing NO NO NO NO NO NO NO NO NO NO

3.6 Equipment and Asset Management NO NO NO NO NO NO NO NO NO NO

3.7 Facility Management NO NO NO NO NO NO NO NO NO NO

4.0 DATA SERVICES 4.1 Data Collection, Management and Use NO NO NO NO NO YES NO NO NO NO
4.2 Data Coding NO NO NO NO NO NO NO NO NO NO

4.3 Location Mapping NO NO YES NO NO YES NO NO NO NO

4.4 Data Exchange and Interoperability NO NO NO NO NO NO NO NO NO NO

15




4.3. Objective 3

As indicated in table below, objective 3 aimed to:
“Assess the extent to which existing solutions have dealt with raised challenges”.

Table 6: Challenges raised in ToR regarding mHealth for TB

No. Challenge

1 | The High degree of fragmentation

2 | Insufficient linkage between mHealth applications and routine data systems resulting in
poor utility of mHealth data

3 | Development of ‘niche’ interventions which limited applicability and sustainability (E.g. App
that is designed only to link HIV+ patients who have DR TB to care)

4 | Solutions that address only part of care pathway (e.g. Diagnosis, linkage etc.) or only focus
on patients or HCWs

5 | International apps not adequately adapted to the local context resulting in poor uptake or
use

6 | Ensuring confidentiality of information gathered through mHealth applications

7 | Poor measures of how a mHealth solution creates impact or improves outcomes

The above challenges will be discussed in more detail under Objective 4 (challenge 6), Objective 5
(challenge 1 and 2); and Objective 6 (challenge 3 and 4).

As expected, a high degree of fragmentation was found in terms of many isolated pilots, the majority
of which did not link with district and/provincial health information systems. Furthermore, the
majority of applications tended to focus on specific areas of the TB pathway, rather than the full
continuum. The exception was Catch and Match which covered five areas; screening, diagnosis,
treatment initiation, treatment adherence, and clinical support.Several applications were designed
for use by either HCW or patients rather than both.

Interviewees indicated that knowledge sharing amongst key stakeholders in the field would be very
beneficial to prevent duplication of efforts and facilitate better design from the outset. Ensuring that
applications were suitable for the South African context and particular project was a priority for
most of the implementers. Some of the applications were developed specifically for South Africa and
others were adapted with multiple iterations to suit the South African context and particular project.
Most projects did conduct pilots within the public system at facility level and normally integrated
into one national system (often NHLS). However, many did not expand past pilot stage due to lack of
funding.
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4.4. Objective 4

Objective 4 aimed to:

“Assess regulatory compliance as well as requirements for supporting patient confidentiality and
data security”.

The majority of projects were cognisant of the new South African Protection of Personal Information
Act (POPI). Although some projects were piloted before the establishment of POPI, fundamental
features of data protection were included such as pin code access for users. This is especially
important in settings where phones are shared and/or there are high levels of phone theft. Data is
typically stored by the software/technology developer and owned by the implementing
organisation.

4.5. Objective 5

Objective 5 aimed to:

“Assess the opportunity for interoperability between individual mHealth apps and linkage to the
wider eHealth system to help think through the fragmentation issue and the opportunity to leverage
existing investments in a more integrated way”.

Ten projects which emerged from the interviews have been mapped below according to funding
source, implementing organisation, technology/software company, linkage to national systems, and
government stakeholder. Overlaps between these key aspects of the project could provide potential
areas for future integration and collaboration. See figure 2.
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Figure 2: Mapping of specific projects
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The mapping indicates that NHLS is a key integration point as it is a partner in numerous projects
and is also a primary implementation organisation in its own right. Additionally, for optimal
efficiency all applications should be interoperable with the NHLS. Johns Hopkins is involved with a
few projects and there are some overlaps between projects with regards to the involvement of
USAID, CDC, and Mobenzi showing potential collaboration points. The mapping shows clear gaps in
terms of current interoperability and integration into wider national systems besides NHLS. The
projects that are linked to existing health information systems, other than NHLS, are Catch and
Match, the Notifiable Medical conditions and the TB/HIV care app which was discontinued due to
lack of funding. Project 6 (Catch and Match) has numerous partners and intentionally planned for
interoperability with the Western Cape Provincial data warehouse, DHIS2 and NHLS.This was greatly
facilitated by including a partner such as Jembi, a non-profit organisation that focuses on health
information systems and interoperability. While not currently inter-operable, interviewees from
URC and NHLS stated that functionality for interoperability with national systems does exist within
the technology of projects 4a, 4b and 3 so this could be accommodated for in the future.

4.6. Objective 6

Objective 6 was:

“An analysis of the mapping of mHealth apps to the TB care workflow or national guideline, i.e.
which aspects of TB service delivery are supported by functionality in the apps to inform the gap
analysis. This could also be compared to the literature review that should reveal which aspects of TB
care and treatment have been supported / addressed by mHealth technology, globally, and evidence
for success (or not), revealing opportunities for new projects”.

All projects that emerged from the interviews as well as from searches of published® and grey
literature have been recorded and mapped along the TB clinical pathway. The results are outlined
below in Table 7.

®Only one relevant study emerged from the published literature, Maraba et al, 2018, which was included in the
interviews — See Literature Summary Report
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Table 7: Mapping of mHealth TB projects to TB Pathway

Promotion/  Screening / ) ~ Treatment Treatment Clinical
Diagnosis
Projects - Interviews Education Prevention Initiation ~ Adherence Support
Project 1: i-Beat-TB’ X X v v X X
Project 2: PHRU® X X v X X
Project 3: ConnecTB? % X X v v v
Project 4a: TreatTBY X X v v X X
Project 4b: miLinc X X v Vv v v
Project 5: NMC! application X X v v X X
Project 6: Philani X v v v v v
Project 7: TB HV Care X v X v X X
Project 8: Hello Doctor'? v X X X X X
Project 9: DTHF® X X X X v X
Projects — Grey Literature | Promotion/  Screening/  Diagnosis Treatment  Treatment Clinical
Education Prevention Initiation ~ Adherence Support
Vula Mobile™ X X X X X X
Smart Health App X X X X X
SIMpill X X X X v X
PHC Clinical Guide - SA MRC v X X X X v
TB Clinical Guide™ X X X X X v
hidlife health portal (by HIVSA) v v X X X X
Ithaka (by Aviro Health) X X X X v v
B-Wise, NDoH v X X X X X
ChomaMagzine, HIVSA v X X X X X
New lovelife Trust™® v X X X X v

No solution covered all areas with Project 6 targeting the most of the cascade (5 areas). Most of the
selected projects focused on treatment initiation which was closely linked with diagnosis. Of the
additional solutions found, the majority targeted promotion/patient education or clinical support.

"Aurum Project

®perinatal HIV Research Unit

®University Research Company Project

%TreatTB and miLinc — National Health Laboratory Services Projects

“Notifiable Medical Conditions, the application is utilised to support surveillance activities
'2(SAPS TB screening)

¥Desmond Tutu HIV Foundation — Note this project focuses on HIV only

YAlso knowledge sharing and training

15(by Metropolitan Health Corporate (Ptd) Ltd) part of the Open Medicine Project

18 ovelife text-based counselling service
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4.7. Limitations

e Interviews were capped at 10, thus interviewee selection was guided by experience of the
TB Think Tank members and the mHealth expert or if there was published evidence to
support a particular mHealth intervention. As a result, promising but less known mHealth
solutions may not have been included in the review.

e We were not able to interview a representative of the National Department of Health’s TB
directorate or those responsible for existing TB health information systems such as Tier.net,
despite attempts to reach them. This was a significant limitation of the research and
impacted on the ability of this report to engage with the NDOH systems and priorities.

e The review of grey and published literature attempted to overcome these limitations by
capturing any well-established mHealth interventions.
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5. Discussion and Recommendations (Objective 7)

This review resulted in numerous insights, several general in nature and others related to specific
interventions. Firstly, general themes and insights will be discussed with corresponding
recommendations outlined, followed by findings and more specific recommendations .

5.1 General recommendations

This review revealed that while there are many pilot and feasibility studies, there was very limited
literature about projects implemented at a larger scale. This reflects the rapidly developing field of
digital health globally, with a small number of national scale initiatives only being implemented in
the last few years. Moreover, it demonstrates the need for larger implementation studies as well as
publication of findings on mHealth solutions that have been scaled up.

Several key themes emerged during the review which will be discussed under the following
headings: 1) Leadership; 2) Collaboration and Partnerships; 3) Enabling factors; 4) Technical Criteria;
and 5) Evaluation. Associated recommendations will be outlined for each.

5.1.1 Leadership
Discussion

The review found that strong leadership, particularly from government Departments of Health, has
been integral to successful mHealth solutions that have been coherent and gone to scale in other
settings. Without this, the individual projects do not come together to form a coherent system. For
example, a co-ordinated strategy with a vision that was harmonised across funders, all government
agencies and importantly the national TB control programme has led to successful scale-up in India.

Funders: In South Africa, we found that several funders are supporting mHealth TB solutions. From
the organisations interviewed the following funders were identified: USAID, CDC, NIH and Gates
Foundation. While some have partnered with several organisations, the majority have one partner
which implements in isolation of other solutions. This is a strong driver of fragmentation. While
implementersoften express willingness to collaborate, their main priority is to complete the project
as initially agreed with the funder.

Government: An important observation has been the lack of involvement and engagement of the
National TB control programme in this review. While attempts were made to interview managers in
this unit, we were unable to secure an appointment with the identified managers within the
National TB control programme. While several projects had buy-in and collaboration with the health
system at district level, and in one case provincial level (project 6), other than NHLS/NICD projects,
there were no links to the National TB Control Programme. This lack of central oversight is a further
contributor to fragmentation and lack of scale up.

Recommendations

e The National TB Control programme is well placed to lead mHealth solutions that support and
strengthen national TB efforts. This leadership role needs to include strong liaison with funders,
co-ordination with the relevant systems units in government, as well as provincial health systems
and ensuring alignment with the mHealth/eHealth strategy and compliance with the SA Health
Normative Standards Framework for Interoperability and the POPI Act.Improved co-ordination
between the relevant programmes and systems units within the DOH is key.
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e Funder collaboration using set criteria for funding mHealth TB solutions is required.This could
include “basket funding' for larger scale solutions. This will help overcome fragmentation,
duplication and promote sustainability.

e The SA political commitment towards eradicating TB could be leveraged to support
onintegratedsystems for digital health and mHealth for TB.

5.1.2 Collaboration and Partnerships

Discussion
The review revealed a lack of awareness of the range of mHealth projects by the various
organisations involved in such solutions in South Africa, including projects that offer similar
solutions. Moreover, there appeared to be a willingness for greater sharing and collaboration
between implementing partners. Most implementing organisations outsourced development of
software. Five different software developers were involved in seven projects, with Mobenzi in two.
While contracting different developers was not inherently problematic, the software solutions were
developed in silos and hence the possibility for interoperability and integration is diminished. With
competition in the digital space on the increase, issues of intellectual property may pose a further
problem. This fragmented development further suggests a strong need for national level co-
ordination.

Recommendations

e We recommend that an mHealth TB Symposium be organised by the National TB control
programme and TB Think Tank that brings together all key stakeholders including funders,
relevant government departments at national and provincial levels, implementing and research
partners. The purpose of such a symposium would be to share experiences and plans, as well as
to jointly develop guiding principles for mHealth TB solutions in the country.

e Following the above recommendation, a core leadership group-primarily government, funding
partners and key NGOs focused on interoperability (such as Jembi)- could be mandated to take
on the co-ordination of mHealth TB solutions that align with the NSP 2017-2022 TB strategy and
the National TB Control Programme goals for TB. Key to their role will be to ensure a set of
criteria for funding TB mHealth solutions.

e Following above, we propose that a mHealth TB knowledge sharing platform be developed
and/or adapted from similar existing platforms to promote sharing and strengthening expertise
and knowledge in the field(see also bullet point 4 of recommendations under 5.1.3 below). As
mentioned below, the SAMRC — Jembi Collaborating Centre for Digital Health Innovation could
play a central role in implementing this.

o We recommend that mHealth solutions are developed, piloted and implemented in partnership
from the outset so that scaling up and integrating with routine data systems can take place. The
model described above in the Western Cape involving a Community NGOs, Research Unit,
Provincial Government and a Health Information Integration partner is a promising model for
this, showing how many different partners can work together in building an integrated system,
and requires consideration as a model for future initiatives.
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5.1.3 Key enabling factors for scalability

Discussion

The literature reviews reveal several challenges to scaling up such as: lack of demonstrated clinical
effectiveness, ethical and privacy concerns,insufficient training,issues with access to mobile phones
or data, and literacy levels when using text messages.

Currently the specific mHealthsolutions and their applications are mostly isolated and IP protected,
constituting a major barrier to coherence and affordability. This in turn limits scaling up and
sustainability and flows directly from the funding and implementation mechanism which is
fundamentally fragmented.

From the review of both the literature and several projects, another important barrier to scale up is
the cost of mobile data, USSD and SMS (sometime referred to as inventory costs), which is
exacerbated by the lack of significantly supportive partnerships with mobile network providers.
Mobile data, SMS and USSD are integral to almost all mHealthsolutions along the TB cascade and
currently most organisations rely on donor funding to cover these costs which is not sustainable or
scalable. This has been a limiting factor in the scaling and sustainability of other large-scale mHealth
projects, including MomConnect in South Africa.

An enabling factor appears to be strong implementation partnerships that are important for
integration and scalability, particularly if established at the outset.Catch and Match (project 6)
involves a substantial partnership arrangement between a University Research Unit (CIDER UCT), the
Western Cape Provincial Health Department, Philani NGO and Jembi. This has been enabled by
significant funding from the Bill and Melinda Gates Foundation. An important feature is that
appropriate information on patients that is captured by the CHWs using the mHealth App is
transferred to the wider information system at the provincial data centre and thence viewable at the
facility on the single patient viewer. This means that the clinic knows which people have been
referred to the facility by the CHWSs. This system is networked province-wide so if the referred
patient attends any facility in the Western Cape, this should be picked up.

Recommendations

e Given the barriers to scalability outlined above, patient and provider acceptability studies as well
as implementation assessments are important considerations during development and planning
for mHealth projects. (see 5.1.5 below).

e We propose a system with one coherent architecture established that all mHealth solutions can
interface with and that all stakeholders are committed to align with to ensure interoperability.
This will be facilitated by strong leadership (see 5.1 above). In particular, this would include data
interoperability with DHIS and agreed using unique identifiers and facility codes.

e Formal public-private partnerships are recommended between the Department of Health and
Mobile Network providers. Where these exist, they could be expanded, and/or established by
applying a new costing model that is free to patients and affordable to the health system. Itis
recognised that this has been attempted previously, and new approaches could include
negotiating free data for targeted messaging for high risk groups such as mineworkers and MDR
patients. Another option might be for licenses issues by the Independent communications
Authority of SA (ICASA) for operators to be contingent on meeting service obligations that are in
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the public interest, which also has been attempted by the NDOH and DG Murray Trust. All
mHealth solutions need a long-term costing plan to demonstrate the cost of scaling up and how
this would be funded in the long-term.

e Key national structures need to be fullyengaged with the mHealth TB plan. In particular we
suggest that the NHLS/NICD be a hub for diagnosis, treatment initiation and adherence. This role
would involve co-ordination, standardisation, ensuring integration, evaluation and mapping
solutions geographically to identify districts where further roll-out needs to be
prioritised.Similarly the newly established SAMRC-Jembi Collaborating Centre for Digital Health
Innovations could be well situated to co-ordinate implementation research, pilot studies and
RCTs if deemed necessary and feasible. The Centre would be well placed to develop and
maintain a digital platform on mHealth solutions (see 5.2above)

5.1.4 Technical considerations

Discussion
mHealth solutions for TB are often conceptualised separately from the Health Information System
and this has contributed to a lack of coherence and fragmentation. Moreover, the integration and
interoperability needed for TB applies equally to other disease areas such as HIV, diabetes and
hypertension, and importantly between ilinesses for individual patients.While the SA Health
Normative Standards for Interoperability provides a framework for digital health initiatives, most of
the mHealth solutions for TB that were part of the review did not appear to actively consider these
standards as part of their design.

Recommendations

e mHealth solutions for TB need to be part of a wider digital health system and as the system
strengthens, TB could be shared as an exemplar for mHealth solutions for other illnesses as part
of building a comprehensive digital health information system that spans prevention, screening,
detection and diagnosis, treatment initiation, adherence and clinical support.

e Through national leadership, and in collaboration with funders, all mHealth solutions for TB need
to follow a minimum set of criteria and evidence of compliance to these need to be
demonstrated. These include:

- The South African Health Normative Standards for Interoperability,
- The South African Protection of Personal Information Act, and
- Ability for linked data through unique patient identifiers

5.1.5 Evaluation

Discussion

Given that mHealth interventions are reliant on strong health systems, implementation research is
fundamental in developing sustainable and impactful solutions. There is a lack of documentation on
implementation research such as process evaluation, user acceptability (including patients and
providers) and feasibility studies. This is crucial to ensuring both impact and sustainability. In
addition to a gap in implementation research, there is still a lack of clinical effectiveness evidence
supporting mHealth solutions in South Africa, especially for TB, though there are numerous mHealth
pilot studies which may show promise if scaled up. Much of the literature suggests that larger
studies need to be planned and conducted to determine impact on health outcomes. Although
several mHealth solutions reviewed did not show significant difference to comparators in health
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outcome/impact, they were not inferior. Importantly, several studies showed the effectiveness of
mHealth solutions in improving health system efficiency, especially regarding data collection quality
and health worker time.

Recommendations

e Key clinical effectiveness evidence and implementation research needs to form part of the
planning at the initiation of mHealth TB solutions and findings shared through digital platforms,
reports, publications and evidence briefs.

Table 8: Summary of General Recommendations

RECOMMENDATIONS
Category Recommendation
15. The National TB Control programme needs to be central to leading mHealth
solutions that support and strengthen national TB efforts
16. Funder collaboration for mHealth TB solutions using set criteria is required
Leadership 17.Build on the SA political commitment towards eradicating TB recently

demonstrated
18. Improved co-ordination between the relevant programme and systems units
within the DOH

Collaboration and
Partnerships

19. An mHealth TB Symposium be organised by the National TB control
programme and TB Think Tank

20. Following the above recommendation, the formation of a core leadership
group mandated to take on the co-ordination of mHealth TB solutions

21. Following above, the development (or adaptation) of an mHealth TB
knowledge sharing platform

Key Enabling Factors
for Scalability

22. The establishment of a system with one coherent architecture that all
mHealth solutions can interface with and that all stakeholders are
committed to align with to ensure interoperability

23. Formal public-private partnerships are recommended between the
Department of Health and Mobile Network providers

24. That mHealth solutions are developed, piloted and implemented in
partnership from the outset so that scaling up and integrating with routine
data systems can take place.

25. Key national structures need to be optimally engaged in the mHealth TB
plan.

Technical
Considerations

26. mHealth solutions for TB need to be part of a wider digital health system;

27. Through national leadership, and in collaboration with funders, allmHealth
solutions for TB need to follow a minimum set of criteria and evidence of
compliance to these need to be demonstrated.

Evaluation

28. Key effectiveness and implementation research needs to form part of the
planning at the initiation of mHealth TB solutions and findings shared
through digital platforms, reports, publications and evidence briefs.
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5.2 Specific recommendations regarding specific mHealth solutions

The NDOH seeks guidance on solution(s) to support that will advance scale up given the
landscape described in this report. It must be noted that several promising solutions are in
the pilot phase and/or undergoing initial evaluation and hence may not be ready for scale up
at present, though several are seeking funding for further development. Some mHealth
solutions such as HIV/TB Care have discontinued due to a lack of funding, whichemphasizes
the importance of sustainability planning as part of the development of potential mHealth
solutions.

The Catch and Match system in the Western Cape was the one that best exemplified the key
issues of integration with health information systems/interoperability, compliance with
standards, potential for scalability, functionality across the key components of the TB
cascade and being easily re-purposed for other illnesses.. While this solution addresses
many of the NDOH considerations, it is still being strengthened, is yet to be evaluated and
hence at this stage is not ready for national scale up. Lessons from Catch and Match are
applicable to other provinces.

While no solution covered the whole treatment cascade, Catch and Match targeted the most
(five areas; screening, diagnosis, treatment initiation, treatment adherence, and clinical
support). The Catch and Match project has a substantial partnership arrangement between a
University Research Unit (CIDER UCT), the Western Cape Provincial Health Department,
Philani NGO and Jembi, with significant funding from the Bill and Melinda Gates Foundation.
The solution was intentionally planned for interoperability with the Western Cape Provincial
data warehouse, DHIS2 and NHLS.This was greatly facilitated by including a partner such as
Jembi, a non-profit organisation that focuses on health information systems and
interoperability. Catch and Match involves an important feature in that appropriate
information on patients that is captured by the CHWs using the mHealth App is transferred
to the wider information system at the provincial data centre and thence viewable at the
facility on the single patient viewer. This means that the clinic knows which people have
been referred to the facility by the CHWs. This system is networked province-wide so if the
referred patient attends any facility in the Western Cape, this should be picked up. Although
Catch and Match is only in pilot stage in the Western Cape the application currently has

32 000 users.

The IBeat TB solution is the only mHealth TB project that we reviewed that has published
evaluation findings. These demonstrated some improvements in outcomes and
improvements in time to treatment initiation, eventhough findings werenot statistically
significant. The project is being expanded to a rural area. The system integrates with NHLS
but not yet with ETR or Tier.net. In further piloting there is a clear understanding of the
requirements for scale up. While this appears to be a promising mHealth solution, it requires
further development that considers integration into the health system.

The TB/HIV Care mHealth solution had two key elements for scalability--it linked to the
national health information system (ETR.net) and it demonstrated substantial clinical benefit
(though the results are yet to be published, they have been presented at the SA AIDS
conference) in terms of reduction in time to treatment initiation--7 days to 24 hours in drug
sensitive patients, and from 21 days to 4 days in MDR-TB. Moreover, the project was piloted
with CHWs who were able to acquire skills in using the app after a one day training. While
the solution focused on the initial part of the TB cascade it could be considered as part of a
national mHealth solution if the published results confirm effectiveness and the system
could be expanded. Issues of POPI compliance would also need to be addressed.
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mHealth solutions which are not integrated into the current health system-i.e. the
organisation has recruited its own staff and are not interoperable - are not currently suited
for NDOH scale-up. This applies to PHRU which intends to evaluate their mHealth solution in
an RCT in the North West Province. If clinical effectiveness is shown and the application is
reconfigured to integrate with existing health information systems, then this solution should
be considered for further scale-up. The Connect TB project which has been implemented
through NGO trained Community Care Givers, has a geospatial component for identifying
clusters of cases, but the system is not currently interoperable (though respondents said this
would be possible in the future) and would require substantial resources to implement at
scale-not only to cover current data costs but also in training and support of CHW in the use
of the application. Efforts for greater integration beyond facility level in the Eastern Cape
are underway. The solution would need further review as well as evaluation of the clinical
effectiveness/impact. While identifying hot spots through geographical information is an
added feature, the Electronic TB Surveillance dashboard of the NICD is moving toward
identifying hotspots and has national coverage.

The National Health Laboratory Services (NHLS) has a key coordination role for mHealth
Solutions for TB in the country. Most projects reviewed conducted pilots within the public
system at facility level and several have integrated into one national system (often the
NHLS). For optimal efficiency, all applications should be interoperable with the NHLS. NHLS is
a partner in numerous projects and is also a primary implementation organisation in its own
right. The National Priorities Programme at NHLS has piloted several different solutions, two
of which were reviewed above (Project 4a and 4b), in collaboration with multiple partners.
However, due to funding these projects have stalled. The projects targeted diagnosis,
treatment initiation and treatment adherence, which are essential components of the TB
clinical cascade. The Treat TB app focuses on directing Rifampicin resistant TB patients to
Drug Resistant TB initiation centres with the aim of reducing time to treatment. While a
poster presentation of the intervention was shared, it did not compare treatment initiation
rates with the app to those without the app. The solutions are already inherently
interoperable with NHLS thus expanding upon these interventions may be easier than other
similarsolutions. An interviewee from NHLS stated that functionality for interoperability with
other national systems does exist within the technology for projects 4a and 4b so this could
be accommodated for in the future. Formal assessment of the clinical effectiveness and
cost-effectiveness could assist in informing the value of scaling up the Treat TB solution for
Drug Resistant TB.

Similarly, the National Institute for Communicable Diseases (NICD), a division of NHLS,is able
to develop solutions which can be rolled out nationally easily due to existing infrastructure
and proximity of goals and systems with the NDOH. The solution reviewed (Project 5)
focused on diagnosis and notification however there are solutions in development related to
overall surveillance, diagnosis and treatment initiation. Project 5 had functionality in three
out of the four WHO classification categories, has already applied a national system and
integrated into the national health information systems. Additional solutions could be
added to this platform.

The newly established SAMRC-Jembi Collaborating Centre could be well situated to co-
ordinate implementation research, pilot studies and RCTs if deemed necessary and feasible.
The Centre would be well placed to develop and maintain a digital platform on mHealth
solutions.
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Jembi, a non-profit organisation has been a key component in facilitating an integrated and
interoperable system for the Catch and Match project. Everwell played a similar role in the
Indian example, facilitating system integration at a national and state level. It is
recommended that organisations such as these be included in future initiatives.
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Appendices
Appendix A — Project Objectives and Deliverables

SoW

Objectives

Deliverable

1&2

1. Identify mHealth interventions (for both health care
workers and patients) that have worked well to improve
TB and HIV outcomes both locally as well as globally

2. Gather information on the various existing mHealth
tools/solutions in South Africa:

a) Focus area;

b) Uptake;

c) impact/ effectiveness;

d) Funding source for development and sustaining
solution;

e) Extent of linkage to routine data systems;

f) Usage of data generated

» Progress report on Literature
review and information
gathering

» Additional Requests

* Detailed project outline

* Literature Review Summary
Document

* Presentation to National TB Think
Tank

3.Assess the extent to which existing solutions have dealt
with raised challenges (see TOR)

4. Assess regulatory compliance as well as requirements
for supporting patient confidentiality and data security.

5.To assess the opportunity for interoperability between
individual mHealth apps and linkage to the wider eHealth
system to help think through the fragmentation issue and
the opportunity to leverage existing investments in a
more integrated way.

6. An analysis of the mapping of mHealth apps to the TB
care workflow or national guideline, i.e. which aspects of
TB service delivery are supported by functionality in the
apps to inform the gap analysis. This could also be
compared to the literature review that should reveal
which aspects of TB care and treatment have been
supported / addressed by mHealth technology, globally,
and evidence for success (or not), revealing opportunities
for new projects

» Progress report on Objectives
3-6

Write up of all of the above +

7. Provide recommendations on developing and

implementing effective, interoperable mHealth solutions

(that have been shown to have impact) to address gaps in

the TB treatment and care cascade in South Africa. The

recommended solutions should:

a. Cover those parts of the treatment and care cascade
for which there is a demonstrable need and that have
been shown to have impact;

b. Be compliant with existing standards;

Be easily purposed for other related diseases or
patient groups;

d. Beintegrated with major existing public health
information systems and initiatives;

e. Bescalable and sustainable;

f Be likely to have a measurable impact

» Technical Report
» Policy Brief
» PowerPoint presentation
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Appendix B — mHealth project criteria adapted from mHealth evidence reporting and assessment

(mERA) guidelines

Criteria

Areas of enquiry

Background and context of project

Health aim and objectives

What health problem was being addressed? What are the objectives of the system in health system
or health outcome terms? Ideally, are there SMART objectives (Specific, Measurable, Appropriate,
Realistic, Time-bound)?

Extent

How many users are there of the system (health workers, patients, population)?

Geography

Where is the intervention happening? Facilities, districts, provinces, national?

Health system links

Is the project being implemented in public health facilities, or used by public health staff? Is there
approval from which level of the MOH (facility, district, province national)? Does the data link into
other MOH Health Information Systems (e.g. DHIS, OpenMRS, IHRIS)?

Partners

Who are the project partners (health implementer; technology developer, implementer and support
/ hosting; donor; training / content provider / other partner)?

Stage of the project

What stage is the project at currently? Initial proof of concept / pilot / limited rollout / full rollout /
closed.

Infrastructure

Clearly presents the availability of infrastructure to support technology operations in the study
location. This refers to physical infrastructure such as electricity, access to power, connectivity etc. in
the local context. Reporting X% network coverage rate in the country is insufficient if the study is not
being conducted at the country level

Access of individual
participants

Mentions barriers or facilitators to the adoption of the intervention among study participants.
Relates to individual-level structural, economic and social barriers or facilitators to access such as
affordability, and other factors that may limit a user’s ability to adopt the intervention

Characteristics of the mHealth solution/project

Intervention delivery

The delivery of the mHealth intervention is clearly described. This should include frequency of
mobile communication, mode of delivery of intervention (that is, SMS, face to face, interactive

Intervention content

Details of the content of the intervention are described. Source and any modifications of the
intervention content is described

Adoption
inputs/programme entry

Describes how people are informed about the programme including training, if relevant. Includes
description of promotional activities and/or training required to implement the mHealth solution
among the user population of interest

Fidelity of
theintervention

Was the intervention delivered as planned? Describe the strategies employed to assess the fidelity of
the intervention. This may include assessment of participant engagement, use of backend data to
track message delivery and other technological challenges in the delivery of the intervention

Technical aspects

Technology platform

Describes and provides justification for the technology architecture. This includes a description of
software and hardware and details of any modifications made to publicly available software

Interoperability/ Health
information
systems (HIS) context

Describes how mHealth intervention can integrate into existing health information systems. Refers
to whether the potential of technical and structural integration into existing HIS or programme has
been described irrespective of whether such integration has been achieved by the existing system

Implementation research and evaluation

Usability/content Testing

Describe formative research and/or content and/or usability testing with target group(s) clearly
identified, as appropriate

User feedback Describes user feedback about the intervention or user satisfaction with the intervention. User
feedback could include user opinions about content or user interface, their perceptions about
usability, access, connectivity, etc

Evaluation Is there any evaluation of whether the project has met its objectives?
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Scalability

Limitations for delivery at
scale

Clearly presents mHealth solution limitations for delivery at scale

Contextualadaptability

Describes the adaptation, or not, of the solution to a different language, different population or
context. Any tailoring or modification of the intervention that resulted from pilot testing/usability
assessment is described

Replicability Detailed intervention to support replicability. Clearly presents the source code/screenshots/
flowcharts of the algorithms or examples of messages to support replicability of the mHealth
solution in another setting

Costing

Cost assessment

Presents basic costs assessment of the mHealth intervention from varying perspectives. This criterion
broadly refers to the reporting of some cost considerations for the mHealth intervention in lieu of a
full economic analysis. If a formal economic evaluation has been undertaken, it should be mentioned
with appropriate references.

Compliance and confidentiality

Data security

Describes the data security procedures/ confidentiality protocols

Standards

Does the system follow defined national standards?

Compliance with
national guidelines
or regulatory statutes

Mechanism used to assure that content or other guidance/information provided by the intervention
is in alignment with existing national/regulatory guidelines and is described
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Appendix C — Search strategy for review of published literature

Review of published literature was conducted according to search strategy below in Table 1.

Table 1: Search Strategy for Review of Published Literature

DATABASES/SOURCES PUBMED, AS WELL AS SNOWBALLING AND ARTICLES IDENTIFIED BY MHEALTH
EXPERTS.

SEARCH STRATEGY (tuberculosis[MeSH Terms]) AND (telemedicine[MeSH Terms] OR
mHealth[Title/Abstract] OR “mobile health”[Title/Abstract] OR eHealth[Title/Abstract]
OR "digital health”[Title/Abstract])

SCREENING Filters applied : English, Humans, 2003/08/31 — 2018/08/31 (last 15 years).

Abstract screening - Articles not related to Health and/or TB excluded

INCLUSION CRITERIA e mHealth interventions; AND
e Interventions aimed at TB (including MDR- and XDR-TB)
EXCLUSION CRITERIA e Interventions not classified as mHealth (e.g. telemedicine”); OR

Interventions solely aimed at disease area other than TB OR

The search resulted in 55 results after screening, 49 from PubMed and a further six articles identified
by mHealth experts. A full-text reading was undertaken to assess the documents against the
inclusion and exclusion criteria. Twenty-eight documents were excluded, the majority of which were
telemedicine desktop/computer-based applications (12 articles) or e-platforms (7 articles) rather
than mobile health technology. Twenty-seven documents were thus included in the final review

Of the 27 include documents, three articles focused on South Africa specifically, and four on
countries in Africa (other than South Africa). There were six articles relating to Low- and Middle-
Income Countries (LMICs) outside of Africa and a further six articles to High-Income Countries (HICs).
Lastly, 10 articles were not country specific or covered a range of country income levels. For data
extraction the documents were then classified as either a ‘general document’ (11 documents) or a
‘project specific document’ (16 documents). The ‘general document’ category included
predominantly literature and systematic reviews on mHealth and TB. The ‘project specific document’
category outlined a particular mHealth solution.

Data extraction was different for each category. The following data were extracted for the ‘general
document category’: 1) Article type 2) Main mHealth technology discussed 3) Aim and objectives 4)
Findings 5) Specific projects mentioned and 6) Key points for consideration.

Data extraction for the specific projects was much more detailed aligning with the mERA guidelines,
Maps Toolkit (discussed in previously submitted outline) and the Classification of Digital Health
Interventions v1.0 (See Appendix A) which we also incorporated into our interview framework. The
data for the extraction were as follows:

— Lead organisation;
— Description of the project;

— Specific aim and objectives;

7 The Telemedicine MeSH Term was utilised as this category included mHealth, thus telemedicine interventions such as teleradiology
applications had to be excluded during full text review.
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Stage of the project;

Focus of the project (along the clinical pathway i.e. Treatment initiation);
Focus of the project (based on the WHO classifications — Appendix A);
User type (E.g. nurse/practitioner);

Article methodology;

Findings;

Challenges;

Key considerations.
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Appendix D— Interview Guide

Interview Guide
This document serves as the interview guide for conducting key interviews with
organisations and individuals involved with pre-identified mHealth projects for TB in South
Africa as part of an mHealth review being undertaken by Research and Training for Health
and Development (RTHD), on behalf of the National TB Think Tank. The aim of the interview
phase of this project (Phase 2) is to build on a desk-based review of literature undertaken in
Phase 1 and obtain outstanding details through tailored semi-structured interviews.
Information will be integrated and utilised to conduct the gap analysis phase of the project

(Phase 3).

Step 1
The following preliminary list of key organisations and projects has been formulated in

collaboration with the National TB Think and mHealth experts.

GAUTENG
e The Aurum Institute;
e National Institute for Communicable Diseases;
e The National Health Laboratory Services;
e USAID TBSAP (URC);
e PHRU

WESTERN CAPE
e Philani;
e Jembi;
e TBHIV Care;
® Praekelt;

e Desmond Tutu TB Centre.

A) An introductory letter and endorsement letter have been developed and approved.
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B) Peter Benjamin will lead interviews in Western Cape and Kim MacQuilkan interviews in
Gauteng.

C) Organisations will be contacted utilising the introductory letter, endorsement letter and
project ToR in an initial email.

D) In follow up emails, interviewers to request any supporting documentation that can be
reviewed ahead of time.

E) Interviews to be ideally set-up before the 9™ of November.

Step 2

Utilising the data extraction form, researchers to extract significant information from
published, grey literature and any other materials provided by the organisation. Please fill in
the sources obtained for each project on the first tab of the data extraction form as well as
under each data point entered. Semi-structured interviews will be then orientated around
specific information that is still outstanding. All information required has been developed in
specific questions (See Interview Template below). Based on the missing information each

interview can be tailored accordingly.

Name of interviewer:

Name of interviewee:

Organisation of interviewee:

Position in organisation:

Date of interview:

INTERVIEW TEMPLATE

Interviewer: “Thank you for taking the time to have this interview. We will be using the term
‘project’ in this context to refer to the relevant application, intervention, system or service

applicable to this interview”.

A. BACKGROUND AND CONTEXT

Al | What organisation developed the project?
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A2 | Provide a general description of the project.
A3 | What geographical location is the project currently active?
Within South Africa:
Other countries:
A4 | What is the aim and what are the specific objectives of the project?
A5 | What stage is the project in? E.g. Development, Pilot, Scale-up, National
A6 | What disease area/s is the project aimed at?
A7 | What is the target area of focus within the disease?
Treatment Adherence Diagnosis
Clinical Support Treatment initiation
Screening / Prevention Post treatment support
A8 | Which categories of the WHO Classification for Digital Health Interventions, can the
project be categorised under? [Show options].
A9 | Where is the project currently running (or aimed at)? E.g. public sector, provincial
level.
Al | What type of user in the project designed for? E.g. Health worker
0 Community health Clinic manager High level
worker manager
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(provincial)
Nurse Higher level manager High level
(district) manager
(national)

Other (e.g. patient, donor, pathologist)

Al | How many users does the project currently have?
1
Al | Are there any key implementation partners your organisation is working with? E.g.
2 NGOs
Al | Is this project being implemented within the public health system, and approved by
3 the NDOH?
Al | Have any barriers to implementation of the project been identified? E.g. Funding
4
B. TECHNICAL INFORMATION
B1 | What type of communication channel is used by the project in the project? E.g. SMS,
USSD, Voice, IVR, Smartphone App etc.
B2 | Provide a description of how the project works.
B3 | What infrastructure (E.g. internet connectivity) and equipment (E.g. smart phone) is

required by the project?

Infrastructure:

Equipment/Devices:
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B4 | What training is required for Users to utilise the project?

B5 | What other human resources are required on the ground to run the project beside
the User? E.g. IT technician, support call centre

B6 | What technical challenges have been experienced when implementing the project?
Have they been mitigated and how?

C. RESEARCH AND IMPLEMENTATION

C1 | Hasthere been any published literature on this application specifically on the
technology underpinning the project?

C2 | Are there any key grey literature documents? E.g. Development reports

C3 | Has any User testing being conducted?

C4 | If so, what was the User feedback?

C5 | Has a formal evaluation of the project been completed?

C6 | Have any costing analysis been conducted? E.g. Cost-effectiveness analyses
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D. SCALABILITY

D1 | Does the project link to or have functionality to link into the national public systems?
E.g. DHIS

D2 | At full national scale who would host the project? E.g. Initial developer?

D3 | Can the project be utilised without modification in South Africa and setting of
choice?

D4 | If not, what modifications would be required to scale nationally?

D5 | What would the main challenges be to scaling up nationally?

D6 | Is there a funding strategy and sustainability plan for scaling up nationally?

E. GOVERNANCE
E1 | Is the specific policy for project regarding data security? Does the system fully

implement the SA Protection of Personal Information (POPI) Act, or the EU General

Data Protection Regulation (GDPR)?
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E2 | Does the system follow the SA Health Normative Standards For Interoperability?

E3 | Is the project aligned with national eHealth strategy and the mHealth

implementation plan?

E4 | Is the project aligned with national strategies/policies for the disease area/s of

focus?

ES5 | Where is data stored? E.g. with the developer

E6 | Who owns the data? E.g. the technical provider, your organisation, the SA Dept of
Health

Interviewer: “Thank you very much for your time. We will make the transcription from this
interview available to you for validation. Is there anyone is the organisation you feel we

should interview? Are there any other key materials you feel will be of value to our review”.

Step 3

Fill in data extraction form with outstanding information from interview and assess if any
information could be sourced through targeted literature search or follow-up emails with
interviewees or further nominated individual within the organisation. Fill in the information
sources, stating ‘key informant interview’ for information obtained directly through the
interviews. Once information has been collected for a specific project, collate in a document

and send through information to individuals interviewed for validation.

Appendix E — Summaries of documents included in review of published Literature
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Summaries of ‘General Documents’

Ojo A. 2018. MHealth Interventions in South Africa: A Review.

Summary: A systematic review conducted by Ojo published this year aimed to evaluate the
“effectiveness of mHealth interventions in improving health care outcomes in the context of South
Africa”. Although this study was not aimed at TB specifically, it was one of the few directly focused
on the South African context. The study states that there are 98 mHealth projects in South Africa
according to the GSMA mobile tracker service. The systematic search and screening strategy resulted
in six articles for inclusion in the review, all RCTs. One study targeted treatment adherence for
hypertension and the other five were classified as health education and information interventions
(one for hypertension, two for early medical abortion, one for HIV and one for pregnancy). None of
the studies were aimed at TB. The review concluded that despite numerous feasibility and
acceptability studies, there is currently insufficient evidence to show the effectiveness of mHealth
solutions on health outcomes. The author acknowledged the likelihood of the existence of several
small scale mHealth solutions that may have potential effectiveness however without full
implementation studies, effectiveness will continue to be difficult to determine.

Implications for TB mHealth Review: This study reflects the challenges outlined in the TB Think Tank
ToR, that there is still a lack of clinical effectiveness evidence supporting mHealth solutions in South
Africa especially for TB but there are numerous mHealth pilot studies which may show promise if
scaled up. Larger studies need to be planned and conducted to determine impact on health
outcomes.

Nglazi M. 2015. Mobile phone text messaging for promoting adherence to anti-tuberculosis treatment: a
systematic review.

Summary: This systematic review assessed the evidence on the effectiveness of SMS interventions
delivered to patients, inimprovingpatients adherence to TB treatment as of February 2013. Four
studies that had a comparison(control) group were included in the review. Of these only one of
which was a randomised controlled trial. The RCT was in Argentina and SMS reminders did not
improve adherence compared to self-administration of treatment (RR 1,49,95% Cl 0,9 to 2,42). In
South Africa, a non-randomised study (Bridges.org) found similar TB cure rates amongst patients
who received daily SMS reminders compared to those who received DOTS. Another South African
study conducted in the Northern Cape, found that SMS reminders linked to delays in opening pill
boxes was associated with significantly improved cure rates (RR 2,32) and smear conversion rates
(1,62)compared to DOTS. In Kenya, SMS reminders increased clinic attendance on scheduled days
compared to standard care. The authors concluded that there is a lack of high quality evidence of
the value of SMS reminders to promote TB adherence and recommend further RCTs and
implementation research in the intervention. The authors noted that at the time of the review
there were three ongoing RCTs in Canada, China and Pakistan.

Implications for mHealth Review:

» As noted by the authors that although the intervention (SMS reminders to patients to promote
adherence ) is inexpensive, it should not yet be scaled up given the inconclusive evidence on
efficacy.

» The article notes several mHealth barriers in resource poor settings that require consideration,
namely: low-literacy levels; language barriers; lack of access to the mobile phone owner/sharing
of mobile phones; restrictions on the content of text messages; habituation and ignoring of text
messages when delivered too frequently; privacy and disclosure issues; poor mobile phone
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service provision; lack of electricity for charging phones; lack of access or resources to buy pre-
paid phone cards; high incidence of mobile phone theft.

Devi et al. 2015. mHealth: An updated systematic review with a focus on HIV/AIDS and tuberculosis long
term management using mobile phones.

Summary: This systematic review aimed “To evaluate the utilization of mobile phone technology for
treatment adherence, prevention, education, data collection, monitoring long-term management of
HIV/AIDS and TB patients”. The review reported that majority of the studies focused on treatment
adherence for HIV/AIDs patients and 73% of all studies suggested positive results.

Implications for TB mHealth Review: This article included mostly articles on adherence to HIV/AIDs
treatment, thus is as relevant to the TB mHealth review.

Ngwatu et al. 2018. The impact of digital health technologies on tuberculosis treatment: a systematic
review.

Summary: A study conducted by Ngwatuet al. (2018) aimed “To determine whether digital
technologies were effective at improving TB treatment adherence, and treatment outcomes (e.g.
completion, cure, loss to follow-up) as defined by the WHO”. The review was thus focused on
patients on active treatment. Seven studies satisfied the inclusion and exclusion criteria and were
included in the review. Four of the studies were RCTs and the remainder three, observational.
However all studies had a control group and included estimates of effect. A South African
observational study conducted by Broomheadet al. 2012 was included. The study was a pilot
evaluation of SIMPill compared to DOT and reported significant effects on cure rate in the last
month of treatment and smear conversion in the second month of treatment. However the control
group was historical. Only one other study, a RCT conducted by Liu et al. 2015 showed a significant
difference in favour of a combination of SMS reminders and a medication monitor compared to DOT
in reduction of percentage of doses missed (14% compared to 30%). None of the other studies
showed significant difference in effects on treatment outcomes or adherence compared to the
control groups. However the evidence does show that mHealth solutions are at least as effective as
standard of care and that there are many potential efficiencies and cost-savings to be gained.

Implications for TB mHealth Review: mHealth solutions have shown to be at least as effective as
comparator interventions regarding clinical effectiveness, however there may be much more
potential regarding improving health system efficiencies, reducing time and costs in the long-term.

Nsengiyumva et al. 2018. Evaluating the potential costs and impact of digital health technologies for
tuberculosis treatment support.

Summary: Nsengiyumvaet al. (2018) recently published an article with the aim “To evaluate the
potential cost and impact of digital health interventions on treatment for active or latent TB in
Brazil”. The study utilised decision analysis models to determine cost-effectiveness of different
interventions. The results suggested that MMs and VOT are the most cost-effective solutions for
active TB patients whereas SMS and MMs were estimated to be the most cost-effective for patients
with latent TB. The study results are subject to limitations due to lack of clinical effectiveness
literature for mHealth solutions.

Implications for TB mHealth Review: It was not possible to source the full-text of the document
however the abstract provided a good overview. Due to lack of clinical evidence, cost-effectiveness
will rely on a lot of assumptions, however will be useful to take cognisance of the potential
difference is cost-effectiveness for different patient types.

Denkinger et al. 2013. Mobile health to improve tuberculosis care and control: A call worth making.
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Summary: Noting that historically the field of TB has not exploited the potential of mHealth despite
recognised potential (estimated that 90% of the world's population is reached by mobile phones),
the article summarises publications of proof-of concept and pilot studies. Difficulties in early
diagnosis and reaching hard to reach persons at risk (e.g. miners in SA) have contributed to poor TB
control. The article asserts the importance of developing a stronger evidence base before effective
approaches and applications can be scaled up at national levels. A Pub Med search up to June 2012,
complemented by grey literature and additional studies were identified by experts in the field. The
article describes mHealth applications for: 1. Education, prevention and case-finding, 2. Diagnostics,
3. Telemedicine and 4. Adherence monitoring and visit reminders and 5. shortening communication
pathways. Applications that have demonstrated promise are outlined below:

Education, prevention and case-finding : In Pakistan, mobile phones were used for incentive driven
mass TB screening by community lay people (at private clinics) and to report sputum results. This
was combined with an intervention to increase TB awareness and found a 2,2 X increase in case
detection rate, although there were other interventions implemented simultaneously that could
have contributed to this success.

Diagnostics: Mobile phones have been used as a cough detection tool with triggers for patient
education and prompts for seeking health care (based in cough detection applications for asthma).
Adherence monitoring and visit reminders: The article restates the importance of adherence
combined with the limitations of DOT (labour intensive, time consuming and potentially perceived as
intrusive). At the time of this review no RCT had been conducted on phone reminders to increase TB
treatment adherence. Smaller studies had been conducted several of which were in South Africa. In
Cape Town an unpublished before-after-trial found that SMS reminders led to similar TB cure and
completion rates to those of clinic based DOT. The lack of better outcomes from the SMS reminders
was attributed to poor implementation. Project M in KZN was underway at the time of the review,
while another study was planned in Khayelitsha. The Thibela study assessed mobile phone visit
reminders to promote adherence to treatment for latent TB but noted that the intervention was
limited due to frequent mobile phone number changes amongst miners. Pillbox linked reminder
SMS sent to patients when they delayed taking medication outperformed DOT and reduced costs.
In India MOTECH (Mobile Technology for Community Health)--addresses hard to reach populations
in rural areas and combines mobile phone adherence tracking and alerts/reminders coupled with
incentives that primarily target providers (using IVR) and telemedicine. In Kenya, a small proof of
concept study that looked at the feasibility of video documentation by treatment supports as
alternative to DOT found high acceptability and called for further evaluation.

Shortening communication pathwaysMobile phones and text messaging may enhance the flow of
information within health systems resulting in reductions in health care system delays in particular
from receipt of sputum to reporting results to doctors/nurses and from reporting results to patient
management. Community health care workers in Malawi were given mobile phones which facilitated
communication between levels of care and led to significant time and monetary savings hence a
doubling of the capacity of the TB treatment programme. Smart phones can be linked with
electronic medical records to facilitate data entry, retrieval and referral management. Mobile
phones are becoming increasingly important for case notification that will decrease delays
associated with paper based reports.

Implications for TB mHealth Review: Mobile phones may enhance case detection at community level
if combined with incentives . There is limited good quality evidence for the value of SMS adherence
reminders although implementation barriers may explain this lack of success. Other potential areas
of mHealth value include video technology and as a communication mechanism within the health
system to decrease delays in diagnosis and treatment.

DiStefano et al. 2016. mHealth for Tuberculosis Treatment Adherence: A Framework to Guide Ethical
Planning, Implementation, and Evaluation.
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Summary: The article describes mHealth approaches that monitor and enhance TB adherence and
outlines a model to guide an ethical approach to planning , implementing and evaluating future
mHealth TB adherence strategies. Some of the key advantages of mHealth for TB adherence are
outlined such as decreased travel especially in remote areas, electronic transfer of incentives and
improved adherence. The paper presents an ethical framework that contains four ethically relevant
elements namely: Accuracy of monitoring strategies; Stigmatisation and intrusiveness of monitoring
technologies; The use of incentives; and The balance of individual and public good.

The authors assert that mHealth interventions for TB treatment adherence have potential to
ethically improve on DOT. In particular urinalysis-based DM (Direct Monitoring Technology) which
uses low cost urine test strips which detect drug metabolites in the patients urine revealing a code
which the patients then send via SMS to a central server. This method promotes patient autonomy
and agency, and minimise stigmatisation and intrusiveness compared with DOT.

Implications for mHealth review: Ethical considerations are important to consider when using
mHealth technologies which have the potential to promote patient autonomy.

Falzon et al. 2015. The role of eHealth and mHealth in tuberculosis and tobacco control: a WHO/ERS
consultation.

Summary: The article explains the potential for digital health in TB and tobacco control, especially
increasing access to internet and mobile phone, though there is a limited evidence base (though
evidence exists for the role of mHealth in smoking cessation). This article reports on a meeting of the
WHO with the European Respiratory Society that helped develop the WHO strategy on digital health
for the end TB strategy, especially the categorization of ICT applications into four 4 main areas:
Patient care; Surveillance & monitoring; Programme management; and eLearning.

Implications for mHealth review: This article can be considered as an intermediary stage to the fuller
digital health for TB strategy reported on in article (15 below).

Falzon et al. 2016. Digital health for the End TB Strategy: developing priority products and making them
work.

Summary: In 2015 the WHO published ‘Digital health for the end TB strategy: an agenda for action’

to demonstrate how novel technologies like ICTs could help in the ending of the TB epidemic by

2035. This article outlines the approach of the Global Task Force on digital health for TB, especially

through a number of Target Product Profiles (TPPs):

[1] Patient care (Video treatment support VOT via mobile phones; eHealth portal to improve TB and
tobacco care).

[2] Surveillance & monitoring (Digital dashboard for TB indicators and epidemiology; Digital
notification of TB cases; Digital application for active TB drug safety monitoring).

[3] Programme management (Diagnostic device connectivity for TB).

[4] eLearning (Info resources platform for patients on TB and smoking cessation; web-based training
for health professionals; clinical decision support for TB treatment and smoking cessation).

The article talks about the necessary infrastructure, policy support, training, resources, unique
identifiers and other requirements for introducing these tools effectively, and the overall tone of the
article is very optimistic about their potential, talking of ‘thinking digital’ and ‘agents of change’.

Implications for mHealth review: This article demonstrates support from WHO for widespread usage
of digital health explicitly including mHealth throughout the identification, treatment, care and
management of TB. It also introduces their categorization of 4 main application areas: Patient care;
Surveillance & monitoring; Programme management; and eLearning.
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Timimi et al. 2012. WHO guidance on electronic systems to manage data for tuberculosis care and
control.

Summary: This article from 2012 comes from the pre-mHealth era of ICT for health, and reports on
WHO guidance for eHealth, such as patient record systems. The article covers issues of clinical data
recording, database software, stand-alone of software linked into other eHealth systems, data entry
and patient data usage.

Implications for mHealth review: This article actually is not relevant to our mHealth in TB study. It
focuses around PC-based facility patient record systems, actually in an semi-obsolete way (no
mention of interoperability, cloud hosting or health information exchange layers; little mention of
open source).

Person et al. 2011. Text Messaging for Enhancement of Testing and Treatment for
Tuberculosis, Human Immunodeficiency Virus, and Syphilis: A Survey of Attitudes Toward Cellular Phones
and Healthcare.

Summary: This article reports on a US based study that sought to assess the acceptability of
receiving text message appointment or medication reminders amongst patients attending HIV and
TB clinics, as well as persons presenting for TB, HIV or syphilis testing. Patients were recruited in
waiting rooms and requested to complete a self-administered anonymous questionnaire that sought
to collect information on knowledge, attitudes and behaviours related to health care related mobile
phone use and test messaging. While 56% reported that receiving text messages for appointments
was acceptable, only 33% felt it would be acceptable to receive reminders to take medication.
Younger age was associated with a more positive attitude to text reminders. Some 30% felt that
receiving texts regarding ways to prevent TB would be helpful and those with lower educational
levels and being Black or Hispanic were more likely to have an interest in receiving educational text
messages.

Implications for mHealth review: Patient acceptability studies on mHealth such as the receipt of
SMS appointment and treatment reminders would be helpful in informing programme planning.

Summaries of ‘Specific Project Documents’

Screening and Prevention

Ha et al. 2016. Evaluation of a Mobile Health Approach to Tuberculosis Contact Tracing in Botswana.
Summary: The study was a pilot aimed at assessing feasibility and acceptability. Ha and colleagues
aimed to evaluate an mHealth application that could replace paper-based contract tracing in terms
of data collection quality and time efficiency for completing contact tracing. The User types for the
mHealth application are nurses or CHWs. Based on the WHO Classification of Digital Health
Interventions the project can be classified under categories 2.3 (Healthcare Provider Decision
Support), 2.6 (Referral Coordination) and 2.7 (Health worker Activity Planning and Scheduling). The
evaluation suggested that the mHealth solution saved on health worker time and improved data
collection accuracy.

Implications for TB mHealth review: mHealth solutions may have a lot of potential to improve health
system efficiencies.

Diagnosis

Ha et al. 2016 has already been discussed under Screening and Prevention.
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Zimic et al. 2009. Can the power of mobile phones be used to improve tuberculosis diagnosis in
developing countries?

Summary: The article discussed the efficacy of a mHealth project aimed at facilitating diagnosis
through use of mobile phones.

Implications for TB mHealth review: As this still an efficacy study and no follow up feasibility studies
or effectiveness trials were published, this document has no direct relevance to our review.

Chadha et al. 2017. Using mHealth to enhance TB referrals in a tribal district of India.

Summary: Recently Chadha et al published an article (2017) entitled with the aim “To determine the
feasibility of using mHealth technology to increase the yield of presumptive TB case referrals among
Rural Health Care Providers (RHCPs). The mHealth Solution called ‘Comcare’ was developed in
collaboration with Dimigi©. The solution had several users: 1) RHCPs to refer patients, receive
results and provide patient support; RHCP Supervisors for overall oversight and guidance; 3)
Laboratory technicians to confirm referred patient has been tested and to send results to the RCHP,
RCHP Supervisor and patient; and 4) the patient to receive reminders to visit the laboratory for
testing and receive test results. Based on the WHO Classification for Digital interventions, the
solution was categorised as 1.1 (Targeted Client Communication), 2.3 (Healthcare Provider Decision
Support), 2.6 (Referral Coordination), and 2.10 (Laboratory and Diagnostics Imaging Management).
The study suggested that the intervention was very effective with RCHPs utilising Comcare referring
on average 30 patients each compared to RCHPs without Comcare who only referred on average 4
patients each in the study period.

Implications for TB mHealth review: The mHealth solution integrated different users and parts of the
clinical pathway, which may be a be factor in the success of the project. There was an initial learning
curve, which was overcome but highlights the importance of training and support especially during
initiation.

Treatment Initiation

Ha et al. 2016 and Chadha et al. 2017 have already been discussed under Screening and Prevention
and Diagnosis respectively.

Chaiyachati et al. 2013. A Pilot Study of an mHealth Application for Healthcare Workers: Poor Uptake
Despite High Reported Acceptability at a Rural South African Community-Based MDR-TB Treatment
Program.

Summary: The article reported on a study conducted in South Africa which aimed to evaluate a pilot
project called ‘Mobilize’ also developed from Dimigi©. The mHealth solution was aimed at CHWs
and based on the WHO Classification, categorised as 2.2 (Client Health Records), 2.3 (Healthcare
Provider Decision Support), 2.4 (Telemedicine), and 3.7 (Facility Management). Although this study
only assessed submission of adverse event forms for patients already on treatment. Although user
acceptability was deemed to positive through qualitative interviews, quantitative data contradicted
this as only 27% of the expected number of forms were submitted. The study suggested other
factors such as CHWs attitudes towards patients, and insufficient training may have played a role in
the results.

Implications for TB mHealth review: This study highlights the importance of considering health
system factors which may impact successful implementation of mHealth solutions. Furthermore,
special attention must be made to training strategies.
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Choun et al. 2017. Using mobile phones to ensure that referred tuberculosis patients reach their
treatment facilities: a call that makes a difference.

Summary: The study aimed “To assess if tracking of TB patients referred to peripheral health
facilities using mobile phone technology can reduce lost to contact after referral (LTCR)”. The
mHealth solution was aimed at nurses and categorised according to the WHO Classification as 1.1
(Targeted Client Communication) and 2.6 (Referral Coordination). The study was small and
descriptive, however all patients but one were tracked with a mobile phone with 97% of patients
initiating treatment, and 94% continuing treatment.

Implications for TB mHealth review: Although this study was very successful, this is a relatively new
study and so no follow up documents. In addition this relied on calling, rather than text messaging
which may be more labour intensive and not feasible in some settings.

Maraba et al. 2018. Using mHealth to improve tuberculosis case identification and treatment initiation
in South Africa: Results from a pilot study.

Summary: The mHealth solution was developed to capture patients TB investigation data, provide
results and monitor treatment initiation. Aimed at nurses to capture data, and patients to receive
results the project was categorised based on the WHO Classification as 1.1 (Targeted Client
Communication), and 2.10 (Laboratory and Diagnostics Imaging Management). The findings
suggested that the intervention was feasible and more effective (however not significantly) than the
paper based in improving data collection quality and improving time to treatment initiation.

Implications for TB mHealth review: As this mHealth solution focused on treatment initiation and
was set in a South African context, this study is of high relevance to the review and has been
selected for more in-depth review through interviews with the main author, NoriahMoraba and
potentially the principle investigator, Kerrigan McCarthy.

Clinical Support

Chadha et al. 2017 and Chaiyachati et al. 2013 have already been discussed under Diagnosis and
Treatment Initiation respectively.

Huang et al. 2017. Bracelet- and self-directed observational therapy for control of tuberculosis: study
protocol for a cluster randomized controlled trial.

Summary: The article is refers to a study proposal for a RCT to assesses a mHealth application for
nurse and patient users targeting treatment adherence and clinical support. “The primary outcome
will be the TB treatment result as defined by the WHO, as follows: Cured, Treatment completed,
Treatment failed, Died, Lost to follow-up, Not evaluated, or Treatment success. The secondary
outcome will be treatment adherence, defined as the percentage of patients receiving TB treatment
who omitted less than 5% of their doses”.

Implications for TB mHealth review: As this article reported only on the proposal, and no follow up
documents have been published yet, it has does not currently have a direct relevance to this review.

Nhavoto et al. 2017. Mobile health treatment support intervention for HIV and tuberculosis in
Mozambique: Perspectives of patients and healthcare workers.

Summary: A survey was conducted within a RCT by Nhavotoet al. and findings published in 2017.
The aim and objectives of the study were to investigate “perspectives of patients and HCWs
regarding SMS use in a randomised control trial (RCT) aiming at improving patient retention in HIV
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and TB-HIV care....and if and how demographics affect patients' attitudes towards the SMS
communication”. The mHealth solution was aimed at nurses at patients and categorised based on
the WHO Classification as 1.1 (Targeted Client Communication), and 2.9 (Prescription and
Medication Management). The study revealed positive feedback from both patients and providers.
However literacy was highlighted as a concern as feedback was less favourable from lower income
patients with some respondents suggesting voice instead of text messages.

Implications for TB mHealth review: This survey was conducted within a greater RCT, however other
published articles focused only on treatment adherence for HIV/AIDS. The survey demonstrates that
there can be high acceptability by providers and patients, to mHealth solutions but voice instead of
text messages is an important consideration for the South African context.

Blaya et al. 2006, 2008, and 20089. Several Articles.

Summary:Blayaet al. published an article in 2006 entitled “Development, implementation and
preliminary study of a PDA-based bacteriology collection system”. The article outlined a study on a
Personal digital assistant (PDA)-based electronic system to collect, verify and upload monthly
bacteriology data into an electronic medical record system. The intervention was aimed at
healthcare workers but carried out by donor support staff. According to the WHO Classification the
solution can be categorised as 2.2 (Client Health Records), and 2.10 (Laboratory and Diagnostics
Imaging Management). Subsequent articles published in 2008 and 2009 investigate the costs,
efficiencies and acceptability of the system. The 2009 article entitled “Personal digital assistants to
collect tuberculosis bacteriology data in Peru reduce delays, errors, and workload, and are
acceptable to users: cluster randomized controlled trial”, reported on a RCT and produced the follow
results: 1. Significantly decreased processing time; 2. Decrease in frequency of errors; and 3. User
acceptability determined (only small number of users though - 4). The article published in 2008
entitled “Cost and implementation analysis of a personal digital assistant system for laboratory data
collection”, reported on the costs for implementation of the intervention: “The total cost and time
to develop and implement the intervention was US$26 092 and 22 weeks. The cost to extend the
system to cover nine more districts was $1125 and to implement collecting patient weights was
$4107”.

Implications for TB mHealth review:

This is one of the few studies included that illustrates the scale-up of a mHealth solution. Several
elements of the project have been assessed and documented providing shareable insights. This may
have been possible due to the partnership between Partners in Health and government within Peru.
Integration within the health system from the onset, may provide beneficial insights into
implementation on a larger scale.

Appendix F —Summaries of Grey Literature

TB REACH (Wave 6) Improving TB Treatment Adherence and Outcomes
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This concept note outlines key adherence strategies using mHealth/digital technologies as part of TB
REACH and emphasises the need for operational research as these technologies are being rolled out
in high TB burden/resource limited settings.The document highlights the use of digital adherence
monitoring technologies given the identified limitations of the long-standing DOT strategy, and
identifies areas for implementation research of these approaches. Such technologies can better
differentiate patient adherence needs, enabling the direction of resources to patients who need it
most. Four digital technologies with potential are outlined, namely:

1. 99DOTS: a low cost adherence monitoring approach piloted in India and Myanmar(48,000
patients enrolled to date), where medication packaging has phone numbers for the patient to call
when s/he has taken her medication. The information is sent to an open sources IT platform
which has a mobile app that enables health care providers to view patient dosing histories. There
has been no formal evaluation to date.(see also interview with Everwell representative)

2. Electronic Dose Monitors:These devices have been used previously for conditions other than TB.
Pill blisters are stored in the device and data are sent to a server when the device is opened. The
dosing histories can help providers make decisions about differentiated care. Currently the
impact of these devices on TB outcomes is being evaluated through a trial that is underway in
China.

3. Video Observed Treatment(VOT): This is similar to DOT but allows patients to be in a different
physical space to providers, reducing time and costs associated with traditional DOT. An
additional advantage is that the provider can learn about the patient’s general wellbeing through
the video. Several VOT platforms are commercially available, though the technology has yet to be
evaluated in high TB burden/resource limited settings.

4. SMS reminders: Increasing evidence suggests that SMS reminders alone do not improve TB
outcomes.

OpenHIECommunityMeeting (www.ictworks.org)

Key learnings from this recent meeting held in Tanzania have been documented on-line. Although
not TB specific, emerging digital health trends were noted:

e Increasing support for global goods — Open Source digital health software solutions like DHIS 2,
OpenMRS, and iHRIS that can be directly adopted by government health systems;

e Government health systems are overloaded with digital health applications. For example, JSI
found over 120 software systems in Tanzania alone, with many bespoke solutions creating
islands of isolated data sets, instead of extending existing systems and increasing
interoperability;

e Interoperability standards and Digital Principles to guide development are in place, but there
are still too many solutions cluttering up the digital health landscape;

e A strong case has been made for interoperability and data sharing as a cornerstone for
integrated care and national health insurance. In South Africa, this was expressed as the
National Health Normative Standards Framework for Interoperability (HNSF). HNSF isn’t
prescriptive to internal software systems or licensing,but concerned with data exchange at
interface points;

e Digital Health Trends are forcing a professionalization of data analysis skills across the health
ecosystem. From nurses to health ministers, health professionals are upgrading their skills to
understand data flows, and there is now an increasing need for a Professional Health
Informatics Officer role too.

Summary of Key Presentations at USAID Workshop on Digital Health Technologies for TB, held in India
2018.
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The workshop targeted 10 countries-including South Africa- as part of USAID’s TB CARE programme
(currently implemented by URC in South Africa). The workshop aims were to:

Present landscape analysis of the existing digital technologies in countries;

Review and share evidence and best practices of effective and integrated digital health

interventions in TB care and control in countries;

Showcase digital technology solutions and tools implemented on the global scale and locally in

India, that support National TB Programmes to achieve global and national objectives.

Work with National TB Programme participants from the 10 countries to:

= |dentify needs and opportunities for development of new digital health tools to support
countries in combating DR TB;

= Select a few innovative digital solutions for each country to focus on in 2018-2019 which will
support current national TB strategic plans;

= Develop a national digital health agenda for TB in line with local needs and capacity to scale
up and sustain”*®.

Representatives from the South African National Department of Health presented and discussed the
progress achieved in the HIV area with digitisation of ART registers since 2011. In 2015, HIV and TB
facility-based information systems were integrated into TIER.net which covers data for HIV testing,
pre-ART data and ART data and more recently presumptive TB and DS-TB. In the process of
incorporating more TB data (currently collated in ETR.net). The ultimate goal is to have one
information system to support HIV, TB and PMTCT. TIER.net is currently interoperable with DHIS.
Several challenges were reported:

The solution is non-networked which facilitated scale-up however inherent problems:

- Updating versions of software manual process

- Flow of electronic dispatches up the administrative chain
Paucity of unique identifier data in HIV and TB data

- Highly mobile patient population which results in duplication of patient level data
Integration process makes prescriptions re: patient admin processes in-facilities (which extends
to integration of historically separate clinical records) — very challenging to get right
Weak data demand and data use at facility and district level
Inconsistent stewardship and technical guidance from sub-national governance structures”®.

Key points which emerged from the workshop include:

1. “Countries were committed to supporting growth in all areas of TB;

2. Digital technologies can benefit national TB programming by expanding access to care,
monitoring and improving service delivery, patient and provider adherence/compliance
ensuring optimal resource allocation, and improving systems of data collection, analysis, and
presentation;

3. Digital technologies are appealing because they can address multiple challenges in health
care prevention, delivery, and management including information spread, availability of
services, quality of health care, acceptability and utilization, efficiency of services, financial
application, and accountability. Part of the appeal of these technologies is the increasing
prevalence of connected devices among populations and, thus, the affordability of
implementing activities which connect to devices that are already in place.

Bhttps://www.healthtech4th.org/wp-content/uploads/2018/07/N-Kak Introduction-and-Overview-of-Digital-

Technologies.pdf
Bhttps://www.healthtech4tb.org/wp-content/uploads/2018/07/Day-2-Session-2_South-Africa-TB-team-

presentation.pdf
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4. Governance, stakeholder mapping, financing and local partners engagement are critical
elements forlasting and sustainable impact”.

Presentation from the Global Digital Health Forum, Washington DC in December 2018

This was the annual gathering of people involved in digital health, focusing on the developing world
(Low and Middle Income Countries), with 400 people from 60 countries. There were no sessions
specifically on TB, though several of the presentations related to this.

Phttps://www.healthtech4tb.org/wp-content/uploads/2018/07/Day-3_End-of-workshop-summary.pdf
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Appendix G —Summaries from key informant telephonic interviews

Dr Dennis Falzon (WHO)

Dr Falzon is an international expert in mHealth for TB based at the World Health Organization. He
has led the WHO’s work around digital health and TB for five years, publishing a report on digital
health as part of the ‘End TB Strategy’, 2014. He uses a conceptual framework in four parts: patient
care, programme management, surveillance and eLearning. He gave examples in each of these
categories. He cited India as a good model that he thought would be relevant to South Africa. The
massive rollout of national IDs has greatly strengthened their TB system for surveillance, treatment
and monitoring. In Kenya the TIBU system using Apps on tablets and smartphones has been
effective. For SA, he stressed the importance of linkages between existing systems, such as NHLS lab
services with EDR and ETR systems. He also suggested important articles for us to review.

Everwell - Call on 15™ January 2019 with Andrew Cross, Co-Founder of Everwell

Everwell has successfully implemented an mHealth application, 99DOTS (reviewed above) across five
states in India. The initiative requires only feature mobile phones for the patients and targets
treatment adherence. Each patient receives an envelope with their medication which reveals a
unique telephone number once opened. The patients then miss calls the number to confirm that
medication has been taken. Initially, the project was aimed at TB and HIV coinfected patients
enrolling around 2000 patients. Since then scale-up has expanded to the entire TB programme with
200 000 patients currently enrolled across the five states. The project was a collaboration between
UNITAID, Gates Foundation and the National TB Programme. Strong leadership from TB programme
and policy direction from the Indian government has greatly facilitated this large scale-up. Scaling up
has resulted in good economies of scale to an already quite cost-effective intervention. The
intervention costs less than $5 per patient for a 6 — 8 course for TB (drug-sensitive). Another key
learning from India is that the country has mandated that all new digital applications be
interoperable facilitated by an overall electronic platform, that has enabled larger scale-up. In
addition to 99DOTS, healthcare providers also have the option to provide two other digital
interventions, VDOT or pill boxes. Next steps are to incorporate more of the TB clinical cascade
beyond adherence and expand the project to 7/8 countries in the next few years. Importantly the
99DOTS and related software are opensource which greatly improves the ability of government
partners to be able to implement such interventions. Barriers to scale-up in India such as data
privacy and availability of smart phones (for VDOT) which may also be of concern for the South
African context, were identified.

Keheala - Interview with Founder Jon Rathauser

Keheala®! is a patient-centered, digital health platform that delivers behavioural interventions across
basic feature phones and smartphones in order to improve healthcare access and treatment
outcomes for patients in the developing world. Keheala addresses the non-medical drivers of disease
- stigma, a lack of information, motivation and support - with demonstrated behavioural strategies
from the social sciences (behavioural economics and psychology). The application is user-friendly
and free to download by the patient.

The intervention was piloted in 2016 in Kenya as part of a partnership with the U.S. Agency for
International Development (USAID), the Kenyan Ministry of Health and academic partners at
Harvard and Yale. The pilot comprised a 1200 tuberculosis patient randomized controlled trial. The
intervention focused on treatment adherence and patient education. Patients in the intervention

Zhttps://www.keheala.com/
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group were sent a text reminder daily (at a set time elected by the patient) to take their TB
medication. Patients were then required to log on to verify that medication was taken or to request
that another reminder be sent at a later time in the day. The patients were also able to access three
features:

1) An educational information section on TB;

2) A facility to converse with the study team; and

3) A ranking section which showed the patient’s adherence ranking compared to other patients (all
anonymised).

The primary outcomes were unsuccessful treatment outcomes (death, failed treatment, or loss to
follow-up). The results are still to be published, but preliminary results were favourableindicating
that the intervention group saved 6 more lives than the control group with a cost-savings of about
$92 880°%. The company is now scaling its work in Kenya, launching a new intervention in Zimbabwe
for its first customer, UNDP, and modifying its intervention for HIV and diabetes in partnership

with a large African telecom.

Zhttps://www.keheala.com/by-the-numbers

55


https://www.keheala.com/by-the-numbers

Appendix Hinterview Summaries

Interview Summary 1 - Aurum

Additional information sources: Technical proposal from Mobenzi and Marabaet al. 2018

paper published in PLoS ONE®

Background

An mHealth project, entitled i-Beat-TB Study was led by Aurum Institute, with Kerrigan McCarthy as Principle
Investigator. The study team included members from Johns Hopkins, NICD, Mobenzi (application developer),
and Department of Health and Social Development (City of Johannesburg).

Technical

The mHealth application aims to improve efficiency and reduce initial loss to follow up (ILFU). This is done
through capturing patients TB investigation data electronically, then automating a process through NHLS
whereby results are received directly to the clinic and patients (results downloaded twice daily from the NHLS
central database). Clinic staff are able to monitor treatment initiation with an electronic dashboard. The
application also aims to empower patients by allowing them direct access to their results on their phones
(once entering their chosen PIN). This also saves time and money for patients with negative results who do not
have to return to the clinic unnecessarily.

The primary users of the application are the TB nurses (TB register, barcode scanning, lab results and
dashboard display) and patients (lab results). The application is primarily focused on the diagnosis and
treatment initiation components of the TB clinical pathway. Based on the WHO Classification for Digital Health
Interventions , the project is classified as: 1.1 Targeted Client Communication; 2.1 Client Identification and
Registration; and 2.10 Laboratory and Diagnostics Imaging Management. The application requires a patient to
have access to a feature phone, while the clinic staff make use of tablets. The technology utilises mobile forms
for data collection by nurses and SMS messages for communication of results to patients.

Research and Implementation

A pilot study was conducted in two public primary healthcare facilities in Johannesburg in 2016, to assess the
“feasibility, acceptability, and potential for addressing TB ILFU of a mHealth application to support and
improve TB continuum of care”1. The pilot study involved collaboration with the District TB Control
Programme, PHC Managers, and NHLS. Further input regarding the content of text messages was received
from the District TB Coordinator, clinic TB nurses, and facility DOT supporters. Due to existing protocols, the
paper-based TB Register still had to be completed. Thus, in conjunction with the nurse utilising the mHealth
application, a member of the study team completed the manual entry. This also provided a useful comparison
between the manual and electronic procedures to assess if there was any significant data loss during electronic
entry. Health workers received two days of training and on-going support from research staff. There were
initial teething problems with the technology supplied by Mobenzi, but after the 3 month pilot testing the
system was fully working. This highlights the importance of having a live testing period. Patients received
training at the time of registration. In the implementation stage of the pilot there were 319 patients registered
on the system.

Results were published in PLoS ONE earlier this year23. The pilot results showed no significant difference in
terms of data quality between the paper and electronic register. Improvements, although not significant, were
seen in proportion of results available within 48 hours and proportion of patients on treatment within 28
days."The proportion of results available within 48 hours: [mHealth 96.8% versus paper register 68.6%), (p
<0.001)], and the proportion on treatment within 28 days [mHealth 28/33 (84.8%) versus paper register 30/44

ZArticle was revealed during our literature review component which triggered this interview. Available:
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0199687

56


https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0199687

(68.2%), (p = 0.08)] increased during implementation but was not statistically significant. Time from sputum
collection to TB treatment initiation decreased from 4 days (pre-implementation) to 3 days but was not
statistically significant"23. User feedback in the form of qualitative interviews was collected during the pilot
study from 21 patients and 8 health workers. The results indicate that the intervention is feasible and
acceptable as well as potentially effective in reducing time to treatment initiation. There were initial
challenges to utilise system by health workers, but these were mitigated through ongoing support. Twenty
percent of patients who opted to receive their results were unable to retrieve them. Of this twenty percent,
about one fifth were due to software failures or data results were not received from the laboratory. The
majority of patients did not retrieve their results due to problems remembering and properly entering their
PIN numbers. A costing evaluation is yet to be conducted.

Scaling up

The application is only in pilot phase, a proposal for a grant to expand the pilot is in progress. The application
should not require significant modification to scale-up except for the following considerations. In practice the
dashboards for data monitoring did not work well. Additional work was required from the managers to collate
the figures necessary. The application is not linked into other electronic systems in the public sector such at
ETR or Tier.net, except for NHLS. As the pilot was conducted in an urban setting, a scale-up project will aim to
include rural settings. The text messages were delivered only in English, so future plans will aim to include
different languages and/or via voice messages to facilitate illiterate patients. Further important considerations
for full scale-up are: Data and SMS costs; Sufficient IT support; Adequate training of health workers to
overcome initial aversion to technology; Duplication of work if other TB protocols such as the paper register
have to still be maintained after roll-out; and Funding.

Governance

The mHealth application was designed before the SA Protection of Personal Information (POPI) Act was
implemented. However, the system requires a patient to enter their own unique PIN code to access results
and databases are PIN protected and only accessible by staff. The application was not specifically designed to
align with the national eHealth strategy and mHealth implementation plan or the SA Health Normative
Standards for Interoperability. The data is stored with Mobenzi and owned by Aurum Institute.

Interview Summary 2 - PHRU*

Additional information sources: Study still to be published

Background

A mHealth application with a specific disease focus of TB and HIV was developed by PHRU and Johns Hopkins
in collaboration with Tshimalogong (application developers). The primary outcome of the application is to
improve health system efficiency. Secondary outcomes include improving health outcomes and empowering
the patient.

Technical

The application is targeted at treatment initiation and health education. The mHealth application can be
utilised on a feature phone. A patient arrives at the clinic and selects a pin upon registration. Samples are
taken, barcodes scanned onto the system and samples collected by NHLS. Results are received by facility as per
the normal channel and staff enter details manually into the system. Text messages are then sent to the
patient informing them that their results are ready. Patients can either access the results on their phone
utilising their unique pin or come into the clinic as usual. Text messages are received in the language chosen by
the patient. The application incorporates USSD enabling patients to access educational information.

Research and Implementation

*This project is at an early stage only just completed a pilot with the aim of conducting a cluster randomized
trial in the near future. Findings from the pilot are still to be published, thus only a brief overview of the
project is provided.
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The mHealth project was piloted in 2017/2018 at a primary healthcare facility (PHRU facility) in Matlosana
(Klerksdorp) and 700 users were enrolled. The research staff were responsible for operating the system and
the NHLS component was not automated so results had to be transferred manually. Training for patients
occurred at registration and training for health workers was not required as research staff were responsible for
implementing the application. Patients were not as interactive with the educational component as expected,
reasons for this preliminary finding are still being explored. A few technical problems were experienced but
these were mitigated by close interaction with the developer. Overall preliminary findings as well as the
engagement with the Tshimalogong have been positive. Costing analyses have yet to be conducted.

Scaling up

The study team aim to follow-up the pilot with a cluster randomised trial. Key considerations for scaling up
include; training for health workers to utilise the mHealth application, integration across disease areas (ease of
use for clinic staff), and the costs of text messages and data. The team asserts that the application needs
sufficient testing before scale-up.

Governance

The study team were mindful of POPI during development and implementation. Access to results are pin
protected. Personal consent was received by patients before registration on the system. The system at pilot
stage, thus is isolated and currently does not specifically follow SA Health Normative Standards for
Interoperability or the National eHealth Strategy and mHealth Implementation Plan. The data is stored with
the developer but owned by PHRU and Johns Hopkins.

Extra Information

PHRU will be conducting another study in 2019, exploring a mHealth intervention (tablet based) focusing on TB
contact tracing. The study will comprise a pilot nested within a RCT (20 clinics with the intervention and 40
clinics without).

Interview Summary 3 - URC

Additional information sources: USAID project information pamphlets:

1) Community-Based Tuberculosis Management through Local Non-Governmental Organizations;
2) ConnecTB, a mobile health application for locating TB patient contacts; and

3) Improving patient retention through ConnecTB.

Background

ConnecTB is an mHealth application developed by URC under the USAID TB South African Project (USAID TB
SAP). The USAID TB SAP project supports NGOs based within communities to facilitate TB services. The
ConnecTB application is run through the TB SAP programme. Community caregivers (CCGs) funded by
participating NGOs utilise the application and are connected to primary healthcare facilities. The application is
currently active in South Africa and Bangladesh . The aim of the application is to: 1) Ensure DOT visits are
conducted; 2) Record the side effects experienced by the patients; 3) Ensure contact tracing is done; 4) Assess
home infection control measures; and 5) Track retention in care. There is also a performance-based element to
the application as community caregivers (CCGs) are supervised by nurses at facility level.

Technical

The application is targeted at contact tracing, treatment initiation, treatment adherence, clinical support and
patient education. CCGs utilise the application on a smart phone, nurse supervisors and administrators can
utilise a desktop or laptop computer. The system comprises a Web portal and two complementary applications
utilising USSD. Once TB patients have been registered at facility level (treatment initiation through the normal
channels), a CCG is allocated by the administrator to provide care through the survey function of the
application. The CCG also geotags the location of the patient and can refer the patient to the clinic if necessary.
The location of the CCG is also noted when a survey is completed. Nurse supervisors will verify completed
surveys conducted by the CCG and provide support where required. Geo-mapping of TB patients can highlight
hotspots and be utilised to initiate targeted campaigns to find presumptive TB cases.

Research and Implementation
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The mHealth system was implemented in 2015. As of September 2017, 924 MDR-TB patients and 1125 DS-TB
patients were registered across 11 districts (through 11 NGOs). CCGs receive an initial three-day training on TB
Management and half a day’s training on the application itself. In addition, support is available anytime
through contacting the administrator. The application has had positive feedback with formal surveys to be
conducted soon. Several USAID materials have been developed reporting on the progress of the project
Evaluation is ongoing but as of September 2017, as of September 2017, DOT completion rates were at 95% and
five districts had been mapped for hotpots. An interim costing analysis was conducted revealing an average
cost-saving of $376 per patient retained in care. Further Costing studies to be conducted. A challenge to
current version of the application is that patients are not tracked if admitted to hospital, and instead reflected
as a LTFU on the system. This will be addressed in the new version of the application. Reports for 2018 are still
to be published and formal evaluations are still underway.

Scaling up

The study team aim to follow-up the pilot with a cluster randomised trial. Key considerations for scaling up
include; training for health workers to utilise the mHealth application, integration across disease areas (ease of
use for clinic staff), and the costs of text messages and data. The team asserts that the application needs
sufficient testing before scale-up.

A potential challenge to scale up in the integration of government community health workers thus a pilot is
currently being in Nelson Mandela Bay district with Ward-Based Outreach Teams (WBOTSs). Integration across
disease areas is also being investigated and the pilot currently includes about 40 different indicators. An MOU
has been signed with the NHLS to assist with genotyping within hotspots. A challenge to scale-up would be
integration into the public sector systems, costs of data and human resource capacity within government to
manage the system long-term.

Governance

The project is compliant with POPI, usernames and passwords are utilised. Users are trained on confidentiality
issues. Furthermore, a programme called MobiLock© Pro is utilised so that information can be wiped from a
device if lost or stolen. The application is aligned with national policies for TB.
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Interview Summary 4 — NHLS

Additional information sources: Study still to be published

Project 1: TreatTB and TreatTB Notify

TreatTB is an android application developed by NPP at NHLS in collaboration with NDoH and CDC funded
aimed at improving initial loss to follow-up (ILFU). The project leverages off the successful implementation of
SMS Bi-directional printers and GeneXpert instruments across the country. TreatTB was developed with the
aim of further improving time to treatment initiation to within 5 days of diagnosis. The application links: 1)
facilities where patients were tested for Rifampicin-resistant TB; 2) NHLS; 3) treatment initiation facilities; 4)
TB coordinators (TreatTB Notify); and 5) Department of Health (district, provincial, national). The application is
thus integrated with NHLS LIS (Laboratory Information Systems) in particular Trak Care. The application has
been piloted at 5 treatment initiation facilities in Ekurhuleni District. At scale, provincial departments of health
would host and manage the system. National scale-up is currently dependent on funding. Another barrier to
scaling-up the system is 3G connectivity. This was overcome in certain facilities with the installation of a
desktop version which could be accessed with the facility’s ethernet.

Infrastructure and equipment required: Data, 3G enabled tablet (facility), android phone (TB coordinator)

Additional information sources:

1)mHealth: Intervention to rapidly link Xpert MTB/RIF Rifampicin resistant patients to treatment initiation in
South Africa. Presented at the 8th IAS Conference on HIV Pathogenesis, Treatment and Prevention in
Vancouver, Canada in July 201525.

2)Laboratory Driven Linkage-to-Care: Outcomes from the Treat-TB mHealth Solution for MDR-TB Patient Care
in South Africa presented at the African Society for Laboratory Medicine 2016 in Cape Town, South Africa in
December 20162°.

Project 2: miLINC

miLINK is an mHealth system aimed at treatment initiation and treatment adherence. The application is tablet
based and was developed through the MDR-TB Partnership, led by Johns Hopkins University School of Nursing
in collaboration with the South African National Department of Health (NDoH), Jhpiego-SA, the NHLS, the CDC,
the Global Fund, PEPFAR and emocha (system developers ). The system comprises 3 different applications
1)Primary Health Clinic App, which is used by nurses and/or community healthcare workers (CHWs) at the
point of care to enrol suspected TB patients simultaneously during the collection of the sputum sample. The
app collects critical identification information, including the national ID number, medical record number
(patient clinic / hospital file number), phone number and address. The specimen barcode is also collected so
that it can be linked to the NHLS results;

2)The Linkage Officer App, is intended for CHW's to check results that are matched from the NHLS against
enrolment data from the clinic on emocha’s cloud-based secure server. Results are made available and
visualised through coloured icons next to the patient’s name so that CHWs can identify who does and who
doesn’t have MDR-TB, or who needs to be retested due to an insufficient sample, all at a glance. CHWs can
then follow up with patients accordingly while also consulting the nurse initiator at the MDR clinic to make an
appointment;

3)The MDR-TB Clinic App, allows doctors and specialist nurses at the MDR-TB clinic to check the patient in and
close the loop by initiating care guided by clinical decision support algorithms. The app also acts as an online
diary system where every morning the doctor can log in and see their appointments for the day.

Users of the system: nurses/CHWs, doctors, patients , NHLS, district TB managers .

25
https://www.researchgate.net/publication/282804526 _mHealth _Intervention to rapidly link Xpert MTBRIF_Rifampicin_resistant pa
tients_to_treatment initiation_in_South_ Africa

26https://www.researchgate.net/publication/?;l1386850 Laboratory Driven Linkage-to-Care Outcomes from the Treat-
TB mHealth Solution for MDR-TB Patient Care in South Africa
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Infrastructure and equipment required: Data, 3G enabled tablet (facility), android phone (CHWs)
Future scale-up —looking to integrate into Tier.net and expand nationally. A costing has been conducted by
NDoH.

Additional information sources:

1)Conference Slide-set: https://sahivsoc.org/Files/10C%20-%20Lynsey%20lsherwood%20-
%20NHLS%20use%200f%20technology.pdf

2)Johns Hopkins website: https://main.ccghe.net/content/milinc-mdr-tb-south-africa-patient-linkage-and-
retention-care

3)e-Health news article: https://ehealthnews.co.za/emocha-south-african-tb-clinics-ehealth/

4)e-Health news article: https://ehealthnews.co.za/emocha-boosting-mdr-tb-linkage-to-care-in-south-africa/
5) https://www.emocha.com/about

6) http://awacc.org/2014/ppt2015/CAPRISA%20Presentations/MDR%20-%20TB%20Partnership.pdf

Project 3: eLABS

e-LABS is an Android application developed by NPP at NHLS in collaboration with USAID, PEPFAR, and EQUIP
and aims to tighten the laboratory chain from sputum collection to delivery of results. The application allows
for electronic entry of laboratory acquisition forms as well as scanning of the sample barcode. The driver
collecting the sample scans the barcode and storage temperature, this is repeated by the driver upon delivery
at the laboratory. Technicians at the laboratory conduct testing and results are sent directly to healthcare
worker who is then able to notify the patient. The system has been scaled up nationally in Zambia and is being
trialled in Gauteng. The system is utilised for all NHLS tests. Positive feedback from received from users of
eLABS, there were iterative revisions every 2 weeks in collaboration with end-users.

Infrastructure and equipment required: Data, android phones

Additional information sources:
1) https://wiki.mezzanineware.com/display/ES/eLABS#elLABS-eLABS-.

Project 4: SmartLink

In collaboration with World Bank and Wits RHI focused on viral load and CD4. Primary outcome: Linkage to
care (defined as attending for a CD4 count measurement PLUS one other NHLS

test within 8 months of HIV diagnosis). Secondary outcomes: Assess feasibility & acceptability,

ART initiation rates, patient satisfaction, cost effectiveness, patient understanding of test results .A RCT has
been conducted with possible implementation in Eastern Cape and Limpopo

Additional information sources:
1)https://sahivsoc.org/Files/10C%20-%20Lynsey%20lsherwood%20-
%20NHLS%20use%200f%20technology.pdf-.
2)http://documents.worldbank.org/curated/en/374611542662090016/pdf/WP-132214-
SmartLtCEvaluationReportUpdateNovFINAL.pdf

3)Venter et al. 2018. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6068383/

GENERAL

A) Barriers
¢ Funding for full scale-up
¢ Cross-pollination of projects, fragmentation, need for an information sharing platform
¢ Addressing access to IP, collaboration with software developers

B) Governance
e All applications have dashboards
* There are different levels of authentication, secure log-in details, signed paper form for compliance,
OTP generated on first use.
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C) Interoperability
¢ All systems have potential integration into national systems (all interoperable with NHLS LIS)

Interview Summary 5 - NICD

Additional information sources: NICD materials:

1) Communicable Diseases Communiqués - Sep 2017, Dec 2017, Apr 2018, Jul 2018;
2) Centre for Tuberculosis Press Release March 2017;

3) NICD Annual report 2016/2017;

4) User guide for NMC app;

5) NMC information brochure;

6) Draft NICD presentation;

7) SOP for NMCs

Background

NICD were tasked in 2016, by the National Department of Health (NDoH), with developing and maintaining a
new surveillance system to replace the Notifiable Diseases Surveillance System (NDSS). The new Notifiable
Medical Conditions (NMC) surveillance system comprises a streamlined paper-based system for more remote
areas (launched in August 2017) and an electronic application (launched in April 2018) . New legislation in
December 2018, made it mandatory for all (public and private) healthcare providers (required to be registered
with HPCSA), medical schemes and laboratories to report NMCs. Furthermore, there are now four different
categories of NMCs with different conditions for reporting associated. Category 1 and 2 NMCs are required to
be notified by healthcare providers and laboratories upon clinical or laboratory diagnosis immediately
(category 1) or before 7 days (category 2). Category 3 and 4 NMCs are required to be reported on weekly and
monthly respectively, by laboratories. The aim of the new system is to improve reporting quality and speed to
ultimately help facilitate management of disease control responsesl. Improved accuracy of data at all levels of
the system also enables better decision-making and resource allocation . In March 2017, the Centre for
Tuberculosis within NICD launched the Online TB Surveillance Dashboard. The dashboard provides annual data
of TB incidence down to sub-district level .

Technical

Both the NMC application and TB Surveillance Dashboard have been developed with MicroStrategy©.

The Electronic TB Surveillance Dashboard

The dashboard was built on top of the NHLS Central Surveillance Data Warehouse which comprises laboratory
from TRAK LIS and the Central Data Warehouse (CDW). It also draws data from the District Health Information
(DHIS) and Statistics SA for population data. Furthermore it is updated with information from private
laboratories and medical aids, as well as the Electronic TB Register (ETR) . Data is cleaned and transformed
quarterly and then automatically uploaded. The data is also utilised to populate annual reports for WHO and
quarterly reports for NDoH5. There are multiple users types with different levels of access, including the public
who are able to access a pared down version.

The NMC Electronic Application

NMC app can be utilised on android or desktop devices. User types include; providers who are legally allowed
to notify, managers at all levels, laboratories, and managers at NICD. Data is on a reverse bill to the NICD for
the application. Once an NMC has been logged, the notifier has 14 days to resolve the case. If it was a clinical
diagnosis and treatment has been initiated, the case can be archived. If the case is presumptive and requires
laboratory confirmation the case remains open until laboratory results have been received, after which the
case can be archived. Weekly alerts for MDR are sent to district managers to help facilitate planned responses.
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Scaling up

The NMC app was piloted in Tembisa and then launched nationally in April 2018. The Electronic TB Surveillance
dashboard emerged from a study conducted by NICD tracking microbiologically confirmed TB over a 10 year
time period6. The study results were published in the Lancet in 2015 and lay the foundation for the
development of the dashboard, where information on TB Incidence is continually updated and provided in a
user-friendly format.

Future plans for Electronic TB Surveillance Dashboard include utilising the system to identify hotspots and send
alerts the relevant managers to facilitate targeted responses. Two new screens are to be added to the NMC
application specifically for TB. One to facilitate contact tracing and another to track treatment initiation. The
new TB screens are currently in development and will be piloted in Gauteng, Kwa-Zulu Natal and Western
Cape. The NMC application has the capability to extend to include other lab results, include other users such as
CHWs, and send laboratory results to patients.

Leveraging on lessons from the Centre for Tuberculosis and the dashboard, NICD are strategizing to align all
NICD surveillance information to develop an integrated and strong support base for different centres of NICD
through a Surveillance Intelligence Management Unit (SIMU). SIMU will comprise a surveillance data
warehouse incorporating information from NHLS CDW/ TRAK LIS, medical aids, private laboratories, DHIS and
STATs SA. Relevant data will feed into the appropriate NICD centre for linkage into centre specific projects such
as the Electronic TB Surveillance Dashboard and the TB specific NMC screens. The aim is to facilitate good
quality surveillance as well as inform targeted, coordinated responses across the health system.

Governance

Both the NMC application and the Electronic TB Surveillance Dashboard have been developed in MicroStrategy
and thus data is secure. Access is only available with a password and username, with registration approved by
the administrators (NICD). Data is owned and managed by NICD. The application and dashboard have been
developed in collaboration with NDoH thus align with the national standards and strategies for TB.

Interview Summary 6 — Philani

Additional information sources:

- C&M TB algorithm
- Project report 30 Sept 2018
- Catch & Match report dashboard

Overview

Philani is a community-based NGO in Khayelitsha. Among its various activities (creche, old age support group
etc.) a major project is managing Community Health Workers who service households in the vicinity. These
CHWs focus on HIV, TB, Maternal & Child health. Their mHealth for CHW work (including TB) is called the
‘Catch & Match’ project (‘catching’ or case finding patients and matching them to the appropriate healthcare).
This Catch & Match project is the community health part of a much wider health information system initiative
linking facility based Electronic Medical Records (referred to as the ‘Single Patient Viewer’, meaning that
disparate health information on one individual is shown on one screen coherently for clinicians), which is
integrated at the Provincial Data Warehouse, with links to National Health Laboratory System (NHLS for lab
results), DHIS2 and other systems. So Philani is the CHW community frontline healthcare partner of the larger
consortium led by the CIDER unit at the University of Cape Town managed by Prof Andrew Boulle (who is the
name most associated with the wider project) and Jembi Health Systems (which focusses on the
interoperability of the health information systems). Mobenzi is the technical provider that developed the
mHealth application used by the CHWs. This overall project is a flagship for integrated health information in
the Western Cape, and is arguably the most impressive such system nationally.
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mHealth aspect of Catch & Match: background, context and functionality

The mobile health tool has two versions: one for the community health workers who visit patients in their
houses; and a second which is used by the supervisors (with all the functionality of the first as well as views of
the data for each CHW and other management functions). For the CHW the tool is used during home visits,
particularly to screen all patients for TB, HIV and if someone is pregnant for other services. It also helps in
subsequent visits following up health issues flagged in the initial visits, and for scheduling visits. There are
different ‘workflows’ supported by the mHealth tool depending on what type of visit it is. If the screening for a
condition comes out positive (e.g. suspected TB or positive HIV rapid test), the client is referred to a health
clinic.

The geographical extent of the project is in Khayelitsha township outside Cape Town. There are other partner
NGOs in the Catch & Match project which do similar things in other disadvantaged areas around Cape Town,
though Philani is the main community partner. The project is being implemented at district level in the public
sector, feeding information to the provincial level health information system data centre.

The aim of the project is to improve healthcare in Khayelitsha by supporting the screening and follow-up of
patients by CHWs, linking them to health service as appropriate. The project is also testing integrated
electronic information flow from community to provincial level.

The project is in a late pilot stage. This has been running since 2016, and there have been several iterations,
including new features launched in October. Catch & Match is proving to be a successful test of these systems,
and may scale to a few other NGOs in the Western Cape in the coming year, but it is not yet mature enough
for large-scale national rollout.

The project carries out many functions: Transmit targeted health information and alerts to clients (WHO digital
health classification 1.1.2 and 1.1.3), transmit availability of diagnostic results to clients (1.1.4), identification &
registration of clients (2.1 and 2.1.1), longitudinal tracking of clients health and services (2.2.1), provide
prompts based on protocol (2.3.1), provide protocol checklists (2.3.2), screening (2.3.3), transmission of
medical data to healthcare providers (2.4.3), communication from healthcare provider to supervisor (2.5.1),
transmit routine news and workflow notifications to healthcare provider (2.5.3), manage referrals between
health service points (2.6.2), identify clients in need of services (2.7.1), and schedule healthcare provider
activities (2.7.2). The supervisor modules of the system also lists health workforce cadres’ information (3.1.1),
and monitors performance of health workers (3.1.2). The wider CIDER system also performs many other
functions for Health Service Managers (WHO classifications 3) and Data Services (WHO classification 4). The
system provides decision support for the CHW, automatically going to the relevant section of the protocol
dependent on earlier data.

In the focus areas given in our question A7, the system performs: Screening & prevention, Diagnosis,
Treatment Initiation, Treatment adherence, and for children in TB-exposed households there also is ongoing
post-treatment support. The single patient viewer component of the wider health information system project
also provides clinical support.

An important feature is that appropriate information on patients that is captured by the CHWs using the
mHealth App is transferred to the wider information system at the provincial data centre and thence viewable
at the facility on the single patient viewer. This means that the clinic knows which people have been referred
to the facility by the CHWSs. This system is networked province-wide so if the referred patient attends any
facility in the Western Cape, this should be picked up.

A major issue here is the unique identifier — the code that allows it to be definitely proven that the person
seen by the CHW is the same person attending a clinic. The SA national ID is not always available (not properly
recorded, or the person doesn’t give it, or they don’t have an ID such as immigrants from other countries). A
great deal of work has been done on this through the provincial data centre. This uses ‘fuzzy logic’ Artificial
Intelligence with 24 rules to determine probabilities of a match (e.g. if the person has a recorded name within
one letter, a birthday within a month, is from the same neighbourhood — then there is an 85% likelihood of a
match). There are different procedures for different degrees of certainty: under 50% matching is ignored; 50%
to around 80% is flagged as a possible for identification on the next interaction (at clinic or CHW), over 80% is
probable, over 95% is almost certain. This unique ID is a work in progress — currently only 40% of all recorded
patients have a confirmed match between all data points (CHW, facility, lab result etc) — they are working to
get a much higher matching percentage in the coming years.
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There was new functionality introduce in November 2018 (just before the interview) which allows the facility
to automatically notify the CHW if a referred patient hasn’t gone to a clinic after a particular period (e.g. 1
month after referral). For a long time the mHealth system has been able to notify the clinic if a patient had
been referred by the CHW — this new addition automates the return path of info from the facility back to the
CHW. It is a form of down-referral, and is being tested to see if this leads to a smaller number of lost-to-follow-
up and lost-to-initiation patients. Currently around 25% of all patients suspected of having TB that are referred
by CHWs to a facility do not attend a facility, and therefore are lost to initiation. A doctor or nurse at the
facility can see all the patients that the CHW has collected data on through the single patient viewer. If a
patient who is referred by a CHW does attend the facility, then the CHW is notified of a success and no further
follow-up is required beyond the normal scheduled follow-up visits (usually 6 months later). However, if the
patient does not attend a facility within a month of referral, then the relevant CHW and their supervisor is
notified to follow up with the patient. If the system isn’t sure which CHW should be contacted, then the CHW
coordinator is notified (which is the management level above the supervisor). This is all driven from the
Western Cape provincial data centre. This down-referral for community follow-up is very new, and it is
uncertain how effective it will be in practice — for example at facilities some patients may give false addresses,
phone numbers or other information.

The users of the mHealth system are CHWs, their supervisors and the data produced is used by clinic and NGO
managers. The wider CIDER system is used by district and provincial level managers. There are 160 CHWs using
the mHealth tool on smart phones provided by the project, and around 32,000 patients are in the system
(enumerated and screened). The key partners of the project (as mentioned above) are CIDER, a unit at UCT,
Mobenzi which developed the mHealth tool, Jembi which provides back-end health information system
interoperability, and the Western Cape Department of Health. Information from the National Health Lab
System (NHLS) also feeds into the provincial data centre, from where the lab results can be seen by clinicians
through the single patient viewer. Recently Mobenzi has decided to pull out of the project, and the ongoing
maintenance and development of the mHealth system will be done in-house by CIDER. There are 3 clinics in
Khayelitsha with the single patient viewer that Philani works with closely, with 2 other facilities elsewhere in
greater Cape Town (in Bishop Lavis and Delft) outside Philani’s territory.

There have been many implementation challenges. The mHealth tools have needed a large amount of
technical support to overcome teething problems. The system is not fully stable yet, with bug fixes required.
Sometimes the mHealth app works well with good response times, however it frequently is much slower and
around weekly the system freezes and needs to be reset. The mHealth tool was meant to be implemented
with other community based non-profit organisations. However, their management weren’t really interested
in the project and the implementations have stalled. Another problem was that for the first 1 years of the
project, the data reporting to Philani on the CHW activities was unsatisfactory. It initially wasn’t developed,
then there were problems with displaying it in useful ways, and there have been errors in the data presented
(the electronic data being different from paper records, and when validated the paper-based were more
accurate). After much frustration and delay, this has now been resolved and there is reasonable data reporting
to CHW supervisors and coordinators. On some days CHW are unable to use the tablet (battery uncharged or
another problem). In practice, the CHWs have to both capture data on the mobile phone and also on paper
(duplication). Soon it is hoped that this will change so that data only needs to be collected once electronically,
from which any further reports are automatically generated and any required paper records can be printed out
without additional data capture work for staff.

Technical

The system is primarily a smartphone app using data connectivity to link to a wider health information system.
SMS can be sent to patients to give reminders (e.g. of referral to clinics and availability of diagnostic results).
As mentioned above, the system requires internet data connectivity (though not continuously, the system can
store & forward). The user device is a Tablet. The initial training for CHWs was for 3 days. There was then an
additional % day for supervisors. Overall the CHWs like the mHealth tool with little resistance to using it.
However there have been many technical difficulties. Initially the Tablet devices used were too slow, though
this has recently improved with a software upgrade. Initially the supervisor app was bad and difficult to use, so
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there was resistance from supervisors at the start of the project. A large amount of technical support has
proven to be necessary. There are two full time technicians (supporting the160 CHWs) and approximately
monthly Mobenzi checks each device. There is frequent need to reset the App software when it freezes
(typically weekly), which is carried out by Mobenzi. This level of technical support is not sustainable at any
large scale, and is one of the reasons why the project is not mature enough to rollout provincially or let alone
nationally. It is hoped that as the system matures, hardware & software problems are resolved and the
operating procedures are more standardised, then the system will be ready to scale to the wider health system
without the need for extensive donor funding and extra support staff.

Research and implementation

There are no published papers on the project, though there are numerous project reports and presentations.
(The most recent one is attached). In particular, a detailed algorithm has been developed for the CHW
workflow (also attached). A great deal of user testing has taken place — probably dozens of formal user review
sessions and many times more informal feedback. Overall, there is now widespread satisfaction with the
CHWs, especially younger ones who took to the system faster than older CHWs. (In a separate project earlier
in 2018 | interviewed a Philani Catch & Match CHW who was highly complementary about the system). As
mentioned above, initially the Supervisor modules didn’t work well and so there was usage resistance, but this
was resolved by early 2018.

There has been no formal monitoring let alone evaluation of the project. Informal user satisfaction shows that
the system is accepted by the staff, and anecdotally the patient clients appreciate the system. It has made
referrals to health facilities happen more efficiently than previous paper-based systems. However, there is no
formal evidence of increased patient linkage to clinical health services, let alone improved health outcomes.

The project has been donor funded in three phases. Claudine (the interviewee) is not aware of the total
amount, but estimates the CHW mHealth component of Catch & Match to have cost around R10 million, which
is a subset of the wider CIDER / Jembi project (she couldn’t estimate the funding for these other aspects of the
consortium). The project has taken much longer than initially expected (after 3 years they are about where the
original project plan suggested they would be after 1 year), and considerably more money has been required
than initially budgeted. As well as there being only approximate knowledge of the donor input costs, there is
no numerical or health system measures of the outputs, and therefore no health economic study is possible
(Cost-benefit, Cost-utility, or Cost-effectiveness assessments).

Scalability and governance

As mentioned above, the system integrates very closely with the provincial public health system, though not
directly with the national system. The project is not ready for national scale, though discussions are underway
with with NDOH that the CIDER / Catch & Match to explore if the system could in future be a model for
national government to consider. There would need to be considerable implementation experience before the
system is ready to be scaled, with possibly some improved functionality and adaptation to the health system in
other provincial settings. Claudine is uncertain how the system would work in rural areas, for example there
could be implementation problems around charging the devices and the logistics of supervision over larger
areas.

There are clear data protection and security policies and practices in the project. All access points (mobile
devices and online back-end data systems) have access control with passwords and PIN Codes. Each mobile
device has ‘Surelock’ software that would automatically wipe all software (App and data) should the device be
stolen or lost. The system does follow the HNSF (The CIDER team of developers are very familiar with the
national tech standards, having helped develop some of them) and the eHealth strategy. The data is stored
initially on the Mobenzi servers in Cape Town, and from there transferred to the Western Cape provincial data
centre (also based in Cape Town) where the analysis and reporting is done. Claudine was uncertain who
owned the data from the mHealth project. She believes that the IP of the App is owned by Philani

Conclusion
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Overall, this is the most impressive integrated health information system for TB known to the interviewer. It
has a high functioning mHealth component used by CHWs, but the real power of the system is that this isn’t
standalone tech just used by the Philani NGO. Rather, it is the community data entry point into an integrated
health information system linking the CHWs, NGO, health facilities, Tier.net / ETR, provincial data centre, NHLS
lab results, DHIS2 and other health system management tools (e.g. staff registers, facility registers etc). While
this system is not mature or stable enough to be rapidly scaled up to other provinces, it is the most promising
initiative in health information using mHealth for TB (among other conditions) in South Africa.

Interview Summary 7 - TB HIV Care

Overview of TB HIV Care

TB HIV Care (THC) is a long-established non-profit company that works to prevent, find and treat HIV and TB.
They run many projects in 23 areas all over South Africa and are based in Cape Town. TB Care was formed in
1945, from the Nelspoort Aftercare Committee which was founded in 1929.

mHealth project for TB CHWs

THC ran a project to skill Community Health Workers (CHWs) to increase case finding of TB cases. The system
consisted of forms on a cellphone which would guide the CHW in how properly to complete screen of a client,
and then later notify them of which patients were diagnosed with TB to follow them up to start treatment. The
aim was particularly to find missing cases of TB and get them on treatment, and CHWs are central to these
activities.The information from the system went from the CHW to the supervisor. Then after the lab results
arrive at the facility, the CHW is notified to guide the CHW on which patients to follow up to bring into
treatment. The pilot was run in Harry Gwala district (KZN). The facility could communicate with the CHW in
case a patient defaulted.

The mHealth system did help the flow of data, which was very positive. In practice this system had an impact
in reducing the time to treatment. The average turnaround time for a patient diagnosed with TB to when they
started receiving treatment was reduced from 21 days to 4 days for MDR TB, and for drug sensitive TB the
reduction in time was from 7 days to 24 hours. The project was only for TB, and the target area of focus was
tracing, link to care, screening and treatment initiation. On the WHO Classification of digital health
interventions, this is 2.1.2 (Enrol clients for health services), 2.2.2 (Manage client’s structured clinical record),
2.3.2 (Provide checklist according to protocol), 2.3.3 (Screen clients by risk), 2.5.1 (Communication from
healthcare provider to supervisor), 2.7.1 (Identify clients in need of services), 2.10.1 (Transmit diagnostic result
to healthcare provider). The users of the system were CHWs and CHW managers.Sadly, the pilot has now
finished from lack of funding. The project partners were the University of the Western Cape, and Harry Gwala
district Department of Health.

On the technical side, this was an Android App used on a smart phone which was supplied by the project to
the CHW. It worked like a normal paper screening form which was used in the re-engineering of primary
healthcare. No infrastructure was needed beyond a smart phone used by the CHW and the usual mobile data
network. The training took a day. It was easy for the younger CHWs to learn, but the older CHWs who were
less familiar with mobile phones struggled a little. Overall the system was quite user friendly and after initial
teething troubles the CHWs found it easy to use.A problem was that the project worked in 11 villages in Harry
Gwala district where CHWs received smart phones. However, the CHWs in other villages in the area also
wanted the phones — there was high demand.

Regarding research, the project was run as a randomized controlled trial (RCT). The results were presented at
the SA AIDS Conference (the paper has been requested but not yet sent by THC). Informal user testing of the
system by the CHWSs was carried out through asking them how they found the system and observing their
performance. As mentioned above, the study proved highly successful at reducing the time to treat patients
diagnosed with TB. No costing analysis was done.
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While operating, the data from this mHealth system did link with the ETR.net system on the computers at the
facilities. The system is not being implemented now (it was turned off when funding ceased), and so it doesn’t
interoperate with any wider health information system. There was no consideration of or planning for taking
this system to large scale.

This project was run before the Health Normative Standards Framework, the Protection of Personal
Information Act and the national eHealth strategy came into being, and therefore these standards were not
followed. There was no special consideration of data security.

Overall, the interviewee was very positive about the project, she ‘believed in the technology’. She was very
disappointed that lack of funding meant the project ended and it has not be resuscitated since.

Interview Summary 8 — Hello Doctor

Overview:

Hello Doctor is a for-profit company that provides telecommunication access to doctors (phone, email, text),
mainly as a service to medical aid clients (e.g. Momentum). Two of their projects are relevant to our study: TB
screening in the SA Police Service (SAPS), and their pilot application of their dial-a-doctor service in Delft.

TB screening with SAPS

SAPS is a client of Momentum for occupational care. Annually, all police staff in the country are screened for
TB, which is usually done by a team of nurses visiting all police stations and asking 9 questions. The answers to
these questions leads to the person being placed in a specific risk group and followed up as appropriate. Hello
Doctor runs a system that does this screening through a mobile phone system USSD (Unstructured
Supplementary Services Data, a means of interaction that all mobile phones can do). In 2018 this has been
used to screen members throughout SAPS.

The technology provider of the USSD system was Mac Mobile, a Cape Town company and the system
development took a week.

So, the system was for screening of TB (WHO Classification 2.3.3). The system was used by the patients
themselves (in this context, members of the police service) on their own phone, with the information that
resulted viewed by management. The system had no technical problems and was rolled out easily with reverse
billing (so the system is free to the user). No training was required, and a leaflet was sent to explain the
service, with the USSD number. There has been no research on this, and it is not linked with the SA public
health system. The data is stored with Momentum health.

This USSD service has reduced the cost of screening from R280 per person conventionally with a nurse to R3
per person.

Public primary health service in Delft

As a for-profit company, Hello Doctor is used by individuals who can afford its service directly, or people in a
medical aid that uses Hello Doctor. To explore how the service would work in the public sector, Hello Doctor
has run a pilot in health clinics in Delft in the Western Cape. TB was one of the health areas covered, though
this service wasn’t particularly focussed on TB.

From late 2017, patients were encouraged to make use of a free dial-a-doctor service. They could send a
Please-Call-Me (which is free) to a number, which would lead to a Doctor phoning them back. The phonecall
with a doctor could not provide a diagnosis, but was a form of triage to make appropriate referrals. The
average time waiting for the callback was 19 minutes. The average call length was 6 minutes (the longest took
45 minutes). Between November 2017 and October 2018, 4,543 new patients registered with Hello Doctor and
used the service. In total there were 6,479 medical callbacks in this time, with 75% of the users being women.
Just under half (47%) of the callbacks were classified as ‘essential’ leading to a referral to a health care
professional. The remaining 53% gave recommendation to go to a pharmacy (19%), non-medical referral e.g.
physio (6%), see a healthcare professional should the problem persist (7%), or that no referral was needed
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(21%). The largest topic of the calls was General Health (15%), followed by gynaecology (11%) and
dermatology (10%). Infectious diseases such as TB were the subject of just 4% of only of the calls.

Users expressed satisfaction with the service, and it was seen to be accessible and adolescent-friendly. The
study suggests that around half (53%) of those people who come to a public health facility could be screened
and referred appropriately through the phone system, and not need further interaction with healthcare
professionals in the clinic. This could lead to a great time saving of the patients, and reduce workload in the
health facilities. However, a reduction in patient numbers coming to the facility was not discernible in the year
of this pilot.

Additional information sources:
- SAPS USSD Flyer
- Reducing Patient Load in the Western Cape (Nov 2018).pdf

Interview Summary 9 — Desmond Tutu HIV Foundation

Overview of DTHF

The Desmond Tutu HIV Foundation (DTHF) is a well-respected health research centre based at the University
of Cape Town. They conduct academic research and community development programmes. It ran the first
public clinic to offer anti-retroviral drugs in SA. It runs health programmes in half-a-dozen clinics in greater
Cape Town, including a mobile service in the brightly coloured ‘Tutu tester’ trucks. As well as HIV, they work
extensively with TB. DTHF has written 100s of peer-reviewed papers.

DTHF adherence app

The mobile health (mHealth) project of DTHF has been an application supporting adherence to medication.
This is the only mHealth project that DTHF is currently involved with. There has been an acceptability study in
which 60 young men in Cape Town were enrolled and over 60 days they received messages promoting
adherence - some who were HIV-positive receiving Antiretroviral Therapy (ART), and others who were HIV-
negative taking pre-exposure prophylaxis (PREP). This is a direct to patient adherence study (not working with
facility staff or CHWs). The recruitment was done through DTHF supported safe spaces in Cape Town.

The objective of the study was to test whether the adherence promotion messaging system was acceptable to
the target population, and this study falls within the wider aim of determining effective ways to increase
adherence to medication. The messages included medication adherence reminders and messages to support
social functions. There were game challenges daily, such as health information questionnaires. Therefore, the
relevant areas of the WHO Classification of digital health interventions is 1.1.2 (Transmit targeted health
information to clients based on health status) and 1.1.3 (Transmit targeted alerts and reminders to clients).
The results of the acceptability study were that it was highly acceptable, the users liked the system. The focus
was largely on HIV. The messaging was all in English.

The main partner in the project was Johns Hopkins University in the USA. DTHF would like to continue and
increase the project. However, funding is a problem. DTHF is now carrying out fundraising for a larger study on
the impact of the system. The next phase could involve interaction with health workers.

On the technical side, the system was written both for Android and iOS (Apple) smart phones. The messages
were received through a smart phone app, which was downloaded onto their phones during registration on
the study in ‘safe spaces’ that DTHF works with. The smart phone App was developed by the software
company Ayogo in late 2017. Data is collected through the Ayogo system on which parts of the App are most
used.

No infrastructure was needed beyond the clients’ smart phones and normal data connectivity (the costs of 1
Gigabyte of data were provided and paid for by DTHF). There was a 90 minute introduction to the study,
including giving informed consent in writing, in which the download happened and usage of the App was
explained. The clients were shown the link to the App in the App store, and a research assistant helped them
download it.
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There was a technical problem with some phones: if the clients had an older version of Android they couldn’t
install the App, which unfortunately meant that some potential clients could not participate in the study.

With regard to research and implementation, this was conducted as a research study, and a poster was
presented at the AIDS 2018 conference in Amsterdam. User testing was definitely done —in fact, this was the
overall aim of the study. No costing analysis has been conducted.

While there is a long-term desire to scale-up the system, currently it is only in the pilot stage. The system does
not link into any other health information system, such as DHIS2, ETR or Tier.net. It is a standalone messaging
App. There is no planning yet for wider usage beyond DTHF, and national scale implementation details have
not been considered.

Additional information sources
- Poster on the project presented at the AIDS 2018 conference (attached to this email)
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