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Abstract

South Africa processes 5.1 million HIV CD4, viral load (VL), and tuberculosis (TB) tests annually. This pilot non-randomized
trial in South Africa explored an intervention (“MatlaMobile”) to deliver laboratory results via mobile phone. Adults com-
pleting CD4, VL, and/or TB laboratory tests were enrolled—either receiving results by returning to clinic (control, n=174)
or mobile phone (intervention, n=226). Study staff instructed control participants to return within 6 days (standard-of-care).
MatlaMobile instructed intervention participants with clinically actionable results requiring intervention or treatment change
(i-e., <200 CD4 cells per milliliter, > 400 viral copies per milliliter, or TB positive) to return immediately. A greater propor-
tion of intervention participants than controls saw their results within 7 days of enrollment (73% vs. 8.6%, p<0.001). Among
participants instructed to return, more intervention participants (20%, n = 14/70) returned than controls (8.6%, n=15/174,
p=0.02). MatlaMobile demonstrated that patients can quickly receive and respond appropriately to digital delivery of health
information.
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Resumen

Sudafrica procesa 5.1 millones de pruebas de cuenta de CD4, carga viral de VIH (VL) y tuberculosis (TB) anualmente.
En este estudio piloto no aleatorizado en Sudéfrica se explor6 la intervencién por medio de la aplicacién (“MatlaMobile’)
para entregar resultados de laboratorio via teléfono celular. Adultos con pruebas de CD4, VL y/o TB, fueron incluidos para

Lisa DiAndreth and Brooke A. Jarrett are co-first authors.

Jonathan E. Golub and Neil A. Martinson are co-last authors.

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s10461-020-02912-3) contains
supplementary material, which is available to authorized users.

P4 Brooke A. Jarrett 5 Tshimologong, University of the Witwatersrand,
brooke @jhmi.edu Johannesburg, South Africa

6 Perinatal HIV Research Unit (PHRU), SA MRC Soweto
Matlosana Collaborating Centre for HIV/AIDS and TB,
University of the Witwatersrand, Johannesburg, South Africa

1 Johns Hopkins School of Nursing, 525 N Wolfe St.,
Baltimore, MD 21205, USA

2 . . .
Johns Hopkins School of Public Health, Johns Hopkins 7 .
University, 615 North Wolfe Street, Baltimore, MD 21205, KlerksdorP-Tshepong Hospital Complex, Klerksdorp,
USA South Africa
8 S ms Q alts
3 Colorado State Universi ty, 1681 Campus Delivery, Johns Hopkins Center for TB Research, Baltimore, MD, USA
Fort Collins, CO 80523, USA ®  Department of Epidemiology, Johns Hopkins University, 615

# Johns Hopkins School of Arts and Sciences, 3400 N. Charles North Wolfe Street, Baltimore, MD 21205, USA

Street, Baltimore, MD 21218, USA

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10461-020-02912-3&domain=pdf
https://doi.org/10.1007/s10461-020-02912-3

3512

AIDS and Behavior (2020) 24:3511-3521

recibir los resultados cuando regresaron a la clinica (control, n=174) o en su teléfono celular (intervenciéon, n=226). El staff
del estudio instruy¢ a los participantes del grupo control a regresar en los primeros 6 dias (practica estandar). MatlaMobile
instruyo a los participantes que necesitaban alguna intervencion o ajuste al tratamiento, de acuerdo con sus resultados (i.e.,
CD4 <200, VL>400, o TB +) a regresar inmediatamente a la clinica. Mayor proporcién de participantes en el grupo de
intervencion, vs. control, vio sus resultados en los primeros 7 dias (73% vs. 8.6%, p<0.001). De los pacientes a los que se
les pidid regresar, mas participantes del grupo intervencién (20%, n=17/70) lo hicieron, comparados con el grupo control
(8.6%, n=15/174, p=0.02). MatlaMobile demostré que los pacientes pueden recibir informacion de salud rdpidamente de

forma digital y responder de manera apropiada.

Introduction

The South African healthcare system is under-resourced to
care for its 7.2 million patients living with human immu-
nodeficiency virus (HIV) and 322,000 new cases of tuber-
culosis (TB) diagnosed annually [1, 2]. Nearly 60% of TB
patients in South Africa are HIV co-infected, and though
patients receive free diagnostic tests and treatment for HIV
and TB at primary care clinics, the country faces a shortage
of physicians to support such care [2-5].

South Africa processes the largest number of molecular
diagnostic TB assays and HIV-related tests of any coun-
try—1.2 million TB sputum tests and 3.9 million combined
CD4 count and viral load (VL) tests annually [6, 7]. Since
2016, national guidelines recommend that patients who
are newly diagnosed with HIV should immediately receive
antiretroviral therapy (ART), a CD4 count assay, and a spu-
tum Xpert MTB/RIF test [8]. Guidelines also recommend
an HIV VL test three months after ART initiation and every
six months thereafter until viral suppression, at which point
VL tests are reduced to an annual basis.

For each laboratory test, patients visit their clinic for sam-
ple collection and are instructed by clinic staff to return for
their result after three to six working days. Patient adherence
to return instructions is critical because it allows healthcare
workers to promptly intervene for patients with actionable
results (<200 CD4 cells per milliliter of blood, >400 viral
copies per milliliter of blood, or a TB positive). However,
60% of VL tests have undetectable levels of HIV RNA and
nearly 90% of TB tests are negative. In other words, most
results are non-actionable and do not merit an additional
visit to the clinic, especially if that patient already visits
monthly for ART refills. Yet patients with non-actionable
results have no alternative to returning and hence, must join
and contribute to the queue waiting to be seen by clinic staff
[9].

Long wait times in overburdened clinics deter patients
from returning and are expensive for patients who do not
need to return [10, 11]. While some patients with non-
actionable results may benefit from receiving CD4, VL, and
TB results in-person with a healthcare provider, others may
perceive that the burdens of coming to the clinic outweigh
such benefits, especially if the second visit is within a few
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days of the first. For example, patients often pay for travel
to-and-from the clinic and may also forgo paid work on the
day of the clinic visit [9, 12]. These and other barriers to care
likely contribute to the 24% of patients with TB and 38%
of people living with HIV in South Africa not being on TB
treatment and ART respectively in 2018 [1, 13—15]. There is
an urgent need for novel interventions to provide alternative
health communication options for patients, reduce unnec-
essary patient visits, improve responsiveness to laboratory
results requiring further clinical action, and offer accessible
education to patients.

A mobile health (mHealth) intervention could be a solu-
tion for improving disease management [16], especially
in South Africa [17-19] where 91% of individuals own a
mobile phone [20]. Previous studies in southern Africa dem-
onstrated that delivering short message services (SMS) to
patients can improve linkage to care, retention in care, and
adherence to ART and TB treatment [21-23]. Patients liv-
ing with HIV in South Africa have also reported that SMS
interventions were acceptable but expressed concerns about
privacy and the lack of two-way communication [24, 25].

The purpose of this study was to assess MatlaMobile
(“Strength by Mobile” in Setswana), an mHealth interven-
tion to deliver CD4, VL, and TB results to patients’ mobile
phones. MatlaMobile used an unstructured supplementary
service data (USSD) system for participants to access PIN-
protected messages that, unlike SMS, were not stored locally
on the mobile phone but could still be viewed repeatedly.
MatlaMobile also offered options for participants to request
a call-me-back from a nurse or send their laboratory result to
themselves via SMS text message. We assessed whether the
intervention increased participant access to their laboratory
results and encouraged more appropriate follow up visits as
compared to the standard-of-care. We also assessed partici-
pant satisfaction with MatlaMobile.

Methods
Study Setting and Design

We conducted this study in Matlosana Municipality, South
Africa at one urban and two peri-urban public primary care
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clinics with similar numbers of HIV and TB patients. For
this pilot non-randomized study, we enrolled participants
into the intervention arm between June and November 2017
and into the control arm between January and June 2018.
Neither staff nor participants were masked to treatment
assignment.

Study Participants

In both time periods, clinic nurses referred adults (> 18 years
of age) who had > 1 laboratory sample taken for a CD4
count, VL assay, or TB Xpert MTB/RIF (Cepheid) to the
study staff. Clinic staff collected samples as part of rou-
tine clinical care. Study staff assessed eligibility of referred
patients in a private room. Patients were eligible to par-
ticipate if they were literate and owned or had access to
a cell phone on which they were willing to receive their
laboratory results. Study staff determined literacy by asking
patients to read a sign in a language of their choice (English,
Setswana, Sesotho, or Xhosa) and follow written instruc-
tions to draw a shape. Patients were excluded if they did
not have a cell phone on their person at the time of screen-
ing. All participants provided written informed consent.
This study was approved by the Institutional Review Board
at the Johns Hopkins School of Medicine and the Human
Research Ethics Committee at the University of Witwa-
tersrand, Johannesburg.

Control and Intervention Conditions

Participants in the control arm received the standard-of-
care of instructions to physically return to their clinic within
3—6 days to view their laboratory results. No mobile notifica-
tions were sent to participants in the control arm.

Participants in the intervention arm received an SMS
notification on their mobile phone stating their results from
MatlaMobile were available and that they could log into
the MatlaMobile USSD system to view it. MatlaMobile was
developed using Microsoft ASP.NET MVC technology and
hosted on a shared server with a password-protected struc-
tured query language (SQL) database.

If a participant did not use MatlaMobile to see their
result, study staff sent a daily SMS reminder for up to 3
days after the initial notification and then made two tele-
phonic attempts to contact the participant. Study staff told
participants in the intervention arm to return to the clinic if
instructed to do so by MatlaMobile, rather than the standard-
of-care instructions to always return within 3—6 days.

After receiving the SMS notification, participants dialed
a code to connect with the MatlaMobile USSD system.
USSD uses 140 character messages and is widely used in
Africa for mobile banking and to purchase mobile phone
call time, data, and messages. To access their laboratory

result within the USSD system, participants entered a
personal information number (PIN) they selected during
enrollment, which was also linked to their mobile phone
number. During enrollment, study staff also provided
hands-on training and verified participants could suc-
cessfully log in using their PIN. We did not directly store
participant PINs in the study database. Instead, we used
an algorithm to hash each PIN into a unique code prior
to storage. In this way, the study staff never stored or had
access to participant PINs.

Participants could login to the MatlaMobile system
multiple times. At each login, participants selected a lan-
guage (English, Setswana, Sesotho, or Xhosa) and were
greeted with the following options: view laboratory result
(Table 1), send a call-me-back request to a nurse, or view
generic educational messages about each laboratory result
(Supplementary Digital Content 1). If a participant selected
the option to send a call-me-back request, the MatlaMobile
system automatically sent a text message to a professional
nurse on the study with the participant’s phone number. The
nurse responded to call-me-back requests within 24 h on
workdays.

MatlaMobile messages were based on the Health Belief
Model [25]. The model posits that behavior is driven by cues
to action, perceived consequences, perceived benefits of act-
ing to prevent or treat disease, barriers to acting, and one’s
self-efficacy. MatlaMobile messages were cues to action.
The messages reminded participants that they might need to
act on their laboratory results and recommended appropri-
ate actions (e.g., “go to the clinic now”). The messages also
informed participants about possible consequences (“Your
results show you have TB... You can infect your family and
friends.”), and benefits related to treatment (e.g., ““You may
need more medicine to be healthy.”). Generic educational
messages and the option to speak directly with a nurse were
aimed at building patient self-efficacy toward understanding
their health status and how to take action.

We categorized laboratory results as either “actionable”
or “non-actionable” (Table 1) based on the national guide-
lines at the time of study implementation. “Actionable”
results included any CD4 or VL count if the patient was not
yet on ART, VL >400 copies per milliliter or CD4 <200
cells per cubic millimeter regardless of ART status, or TB
results positive for Mycobacterium tuberculosis. Messages
advised participants with actionable results to return to their
clinic immediately. Messages advised participants with non-
actionable results that their results did not require immedi-
ate clinical action and, unless they had further concerns to
discuss with a provider, they did not need to return outside
regularly scheduled appointments. South African healthcare
providers, in collaboration with a study nurse, developed
the messages. Study staff reviewed, translated, and back-
translated all messages.
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Table 1 Tailored messages delivered via an unstructured supplementary service data (USSD) system to participants in the MatlaMobile pilot

trial in Matlosana Municipality, South Africa (2017-2018)

Result Type Message

Return instruction®

HIV viral load (VL)

Result
> 1000 copies/mL

1200° VL. High viral load means your ARV is not working or that you are not taking
your ARVs every day. Go to clinic now for counseling and /// show the nurse/doctor the

Actionable

viral load number we sent. YOU MUST TAKE YOUR ARVs EVERY DAY. You need

another viral load test done in two months

Result
400-999 copies/

500 VL. Your viral load is not completely down. YOU MUST TAKE YOUR ARVs
EVERY DAY. Go to clinic now for counseling. Show the nurse/doctor /// the viral load

Actionable

mL number we sent. You will need another viral load test done in six months

Result 150 VL. Continue to take your ARVs every day to keep the virus low. Go to clinic at Non-actionable

<400 copies/mL your next scheduled visit
CD4

Result 1200 is your CD4 count. All people with HIV should take ARV every day. If you are not Actionable if not yet on ARV

> 200 copies/pL taking ARVs, go to clinic to start ARVs NOW Non-actionable if on ARV
Tuberculosis (TB)

Result 150. Your CD4 count is too low. Go to clinic immediately. All people with HIV must Actionable

<200 copies/ pL take ARVs every day, and you may need more medicine to be healthy
Tuberculosis (TB)

Result Your results show you have TB. Go to clinic NOW to start TB treatment. TB can kill Actionable

TB detected you. You can infect your family and friends

Result Your results show you do not have TB. If you still cough, lose weight, have night sweats, Non-actionable

TB not detected or feel sick, go to clinic for more testing

Nurse “Call-Me-Back” Option (available via the main screen)

Sends a message to
the MatlaMobile
professional nurse
on duty

An SMS has been sent to the nurse, you will receive a callback soon -

Messages displayed here as displayed on a mobile phone. “///” indicate that the characters afterwards were only available after the participant

paged to a new screen

#Actionable: participants should return to the clinic as soon as possible. Non-actionable: participants should return to the clinic at the next sched-

uled appointment unless experiencing continued symptoms

"Numerical results included here for illustrative purposes

Abbreviations: viral load (VL), antiretroviral therapy (ARV), human immunodeficiency virus (HIV), tuberculosis (TB)

Study Measures

Study staff interviewed consented participants at enroll-
ment to ascertain patient demographics (sex, age, education,
household and personal income, ever having been on ART,
and whether they received HIV care at one or more clinic(s))
and clinic-level characteristics (home-to-clinic travel time
and wait time at the clinic). Staff also recorded the unique
barcode of each laboratory specimen and observed the par-
ticipant’s phone type, either smart or basic. Smartphones
are able to use mobile applications (i.e. “apps”) while basic
phones are typically limited to calls and texting. MatlaMo-
bile was compatible with both smart and basic phones.
Study staff accessed the National Health Laboratory
Service (NHLS) TrakCare Webview at least once daily and
retrieved all available laboratory results using the unique
laboratory specimen barcode and two patient identifiers (e.g.
full name, date of birth, national ID). If there were near
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matches, study staff resolved them directly with laboratory
staff who consulted original, handwritten laboratory requi-
sition forms and the electronic Health Patient Registration
System (HPRS) to check for data entry errors and alternative
identifying data. Study staff also recorded the date and time
each result became available in the NHLS system.

At follow up, study staff abstracted outcome data for par-
ticipants using paper medical records, archived clinic files,
and Tier.NET (an electronic treatment database for people
living with HIV). Any time study staff entered outcome data
into the study database, another staff member re-confirmed
the entry against the participant’s medical records for qual-
ity assurance.

The MatlaMobile system automatically collected the
following user interaction metrics: language selected, date
and time that messages were received and accessed, screens
viewed, whether messages were viewed in part or in full,
and nurse call-me-back requests. We telephonically surveyed
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participants approximately one week after enrollment about
their satisfaction with MatlaMobile on a 7-item scale and
asked if they were aware of anyone accessing their labora-
tory result without their permission.

Outcomes

Our primary outcomes were whether participants, within
7 days after their laboratory test was taken, 1) had seen at
least one laboratory result and 2) adhered to instructions to
return to clinic. In the control arm, we defined participants
as seeing their laboratory result and adhering to instructions
if they returned to clinic. In the intervention arm, we counted
participants as seeing their laboratory result if they used
MatlaMobile to view the result. We considered intervention
participants to have adhered to instruction if they returned
to the clinic as instructed by their MatlaMobile message.

Secondary outcomes included overall proportion of par-
ticipants who returned to clinic regardless of whether the
result was actionable or not, the median (interquartile range
(IQR)) number of days from enrollment-to-return among
those who returned within 30 days, the median (IQR)
number of days from enrollment-to-return among those
instructed to return, and the proportion of intervention par-
ticipants who returned despite receiving all non-actionable
results. We also calculated enrollment-to-return time distri-
butions. Finally, we described participant interactions and
satisfaction with the MatlaMobile intervention.

Statistical Analysis

We compared study arms using descriptive statistics. We
used Kruskal-Wallis and chi-square tests for continuous and
categorical variables respectively. For primary outcomes, we
estimated adjusted risk ratios and 95% confidence intervals
(ClIs) using Poisson regression models with robust variance
and controlling for participant demographics and clinic-level
characteristics. For secondary outcomes, we compared pro-
portions and means. Our sample size was based on detect-
ing a 15% absolute difference in the primary outcomes
between arms with a power of 80%. We conducted analyses
in STATA [26], at a significance level of <0.05.

Results
Screening and Enrollment

Overall, we approached 630 patients and enrolled 444 partic-
ipants (Fig. 1). The primary reasons patients were ineligible
for enrollment were that they did not have a mobile phone on
their person (n=_88) or were illiterate (n=>54). Of the 444
enrolled, we excluded 44 from the analysis for a final sample

of 226 participants in the intervention arm and 174 in the
control arm. We excluded participants from the analysis due
to enrollment during a laboratory strike when samples were
not processed between July 21 and August 3, 2017 (n=24),
invalid or missing results (n=6), enrollment while the clinic
offered same-day TB Xpert MTB/RIF results during a non-
related research study (n=4), missing data (n=2), and other
reasons (n=_8).

Descriptive Statistics

Median age of participants was 37 years (IQR: 32-46), and
the majority were women (69%, Table 2). Most were liv-
ing with HIV (86.5%), with a greater proportion of people
with HIV in the intervention (94.8%) than the control arm
(77.6%, p<0.001). Approximately half of participants had
basic phones while the other half had touchscreen or smart-
phones. Overall, participants reported an hour median travel
time to clinic (IQR: 0.6, 1.5) and a 3.2-h median wait time
to see a healthcare provider and receive their results (IQR:
1.6, 4.5). Participants had a total of 236 CD4, 238 VL, and
114 TB Xpert MTB/RIF assays performed, with more CD4
and VL tests in the intervention group and more TB assays
in the controls.

Primary Outcomes

A greater proportion of participants using MatlaMobile
viewed their test result within 7 days of their enrollment
(73.0%) compared to the control arm (8.6%, p <0.001,
Table 3). Controlling for demographics and clinic-level
characteristics, participants in the intervention arm were 9.9
(95% CI1:6.0-16.5) times more likely to view their labora-
tory result within 7 days of enrollment as compared to par-
ticipants in the control arm. Among participants instructed
to return, a greater proportion of participants using Matla-
Mobile did so within 7 days of enrollment (20.0%) than the
control arm (8.6%, p=0.02). Adjusting for demographics
and clinic-level characteristics, participants in the interven-
tion arm were 3.0 (95% CI: 1.3-6.8) times more likely than
participants in the control arm to return within 7 days of
enrollment. Though sample sizes for any one test were insuf-
ficient for a formal analysis, each trended in favor of the
intervention arm.

Secondary Outcomes

A similar proportion of participants in both arms returned to
clinic within 7 days of enrollment (8.6% v. 9.3%, p=0.82).
Time-to-return across study arms was similar; participants in
the intervention arm returned somewhat earlier (IQR: 6.5-28
vs. 6-28, p=0.04). Of the 156 participants in the interven-
tion arm who received non-actionable results, seven (4.5%)
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Fig. 1 Participant screening
and enrollment for the Matla-
Mobile pilot trial in Matlosana
Municipality, South Africa
(2017-2018)

Control Arm

Screened (n=242)

> Ineligible (n=60)

Did not have a mobile
phone at time of
enroliment, 22

Intervention Arm

Screened (n=388)

> Ineligible (n=126)

Did not have a mobile phone
at time of enrollment, 66

\4

Erolled (n=182)

results, 4

\4

Analyzed (n=174)

returned to the clinic within 7 days of enrollment. Figures 1
and 2 of the Supplementary Digital Content 2 describe the
time distribution between enrollment-to-return among par-
ticipants overall and among those instructed to return.

Interactions and Satisfaction with the MatlaMobile
System

Most MatlaMobile participants (88.5%) viewed their results
during follow up, and of those, greater than half (64.5%)
viewed results within 24-h of availability. However, few who
viewed their result also read the full USSD message (27.0%).
Of all MatlaMobile logins (n=1,893), English was selected
most (68.8%), followed by Setswana (15.2%), Sesotho
(12.7%), and Xhosa (3.2%). A majority (95.6%) of partici-
pants signed into MatlaMobile more than once. Among the
twenty-nine participants who requested a call-me-back from
the study nurse, most requested help interpreting their results
(55.2%) or navigating the MatlaMobile system (6.9%). Sev-
eral participants (17.2%) selected the call-me-back option
unintentionally or could not be reached by the study nurse
(10.3%). Participants also asked when the result would be
ready (3.5%), asked about symptoms of TB (3.5%), and con-
firmed they logged in successfully (3.5%).
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Could not read?, 18
Did not consent, 14

Had not had a CD4, VL,
or Xpert done that day, 6

—> Excluded (n=8)

Enrolled while clinic
provided same-day TB

Protocol deviation, 3

Missing data®, 1

Could not read, 36
Did not consent, 11

Had not had a CD4, VL, or
Xpert done that day, 5

<17 years old, 4
Incomplete screening, 2

Consented but did not
complete baseline, 1

Not HIV-positive or a TB
suspect, 1

\ 4

Enrolled (n=262)

> Excluded (n=36)
NHLS strike?, 24
Invalid/missing result, 6
Protocol deviation, 3

Participant could not access
MatlaMobile, 2

Missing data, 1

\4

Analyzed (n=226)

Participants in the intervention arm were generally satis-
fied with MatlaMobile (Fig. 2). Of the 159 participants who
responded to the follow up survey, the majority felt their
information was more protected and confidential when deliv-
ered via phone than by the clinic (95%), wanted to receive
other health information on their phone (96.9%), and pre-
ferred mobile delivery over a clinic visit to see laboratory
results (96.9%). No participant reported MatlaMobile caus-
ing accidental disclosures or instances where others saw
their laboratory results without permission.

Discussion

In this study, an mHealth program using USSD success-
fully and securely delivered CD4, VL, and TB laboratory
results to patients’ mobile phones in South Africa. A major-
ity of interested patients were eligible for enrollment, and
among those in the intervention arm, nearly 90% viewed
their PIN-protected messages and found the program highly
acceptable. This is one of the first studies to evaluate, with
a separate control group, sending laboratory results using
USSD directly to patients’ basic and smartphones in sub-
Saharan Africa.
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Table 2 Pafticipant Total Control Arm  Intervention Arm  p-value’

demographics, laboratory test

used for study enrollment, (n=400) (n=174) (n=220)

and clinic char.acte.ristics. Of. Participant demographics

the MatlaMobile pilot trial in

Matlosana Municipality, South Female 276 (69.0) 116 (66.7) 160 (70.8) 0.38

Africa (2017-2018) Age 37 (31, 46) 36 (30, 45) 38 (32, 46) 0.16
High school or higher degree 289 (72.2) 131 (75.3) 158 (69.9) 0.23
> 1 income stream in the household* 297 (74.2) 150 (86.2) 147 (65.0) <0.001
Personally generates income® 199 (49.8) 85 (48.8) 114 (50.4) 0.91
HIV positive 346 (86.5) 135 (77.6) 211 (93.4) <0.001

Ever on ART 335 (96.8) 135 (100.0) 200 (94.8) 0.004
Receives HIV care at> 1 clinic 41 (11.8) 10 (7.4) 31 (14.7) 0.04
Clinic characteristics
Peri-urban (v. urban) 111 (27.8) 91 (52.3) 20 (8.8) <0.001
Travel time, h 1.0 (0.6, 1.5) 1(0.5,1.4) 1(0.7, 1.5) 0.41
Queue time, h' 32(1.6,45) 3.2(1.5,45) 32(1.7,45) 0.54
Laboratory test done at enrollment '

CD4 236 (59.0) 87 (50.0) 149 (65.9) -
Viral load 238 (59.5) 100 (57.5) 138 (61.1) -
Tuberculosis Xpert (MTB/RIF) 114 (28.5) 69 (39.7) 45 (19.9) -

Binary variables described as n (proportion); continuous variables described as median (interquartile

ranges)

HIV human immunodeficiency virus, ART antiretroviral therapy, MTB Mycobacterium tuberculosis, RIF

rifampicin resistant

fp-values computed with a chi-squared test for categorical variables and Kruskal-Wallis test for continuous

variables

*One participant in the control arm did not respond to this question

$One participant in the intervention arm did not respond to this question

TDuration of time from arrival at the clinic until seen by a health care provider

T Participants could have more than one test performed at enrollment

mHealth programs using USSD systems can reach more
South Africans than those relying on apps. For example,
the app-based SmartLink mHealth program in South Africa
piloted delivering CD4 and VL results [27]. The program
excluded 90% of interested patients for not having a smart-
phone that could support the app with a modern Android
operating system, data capabilities, and sufficient RAM
[27]. In comparison, our study excluded patients only if they
lacked a phone at enrollment, resulting in fewer interested
patients being turned away (14%, n=_88/630). USSD sys-
tems are also more accessible because they come installed
on all mobile phones by default and can be freely accessed
without an Internet connection or using mobile data. In the
future, mHealth programs could be made even more accessi-
ble by including voice- or image-based messages for people
who cannot read or have poor eyesight [28].

This study also demonstrated that PIN-protected USSD
systems are feasible and safe for delivering sensitive health
information to patients with cell phones in South Africa.
Although one study from Uganda suggested PINs deter
patients from accessing mHealth messages [29], more than
80% of South African patients accessed their messages using

a PIN in both this study and another by Maraba et al. [23].
Furthermore, no participants reported any unintentional
disclosures of HIV or TB status in this study, the Maraba
study, or the WelTel mHealth program in Kenya, which used
HIV-neutral language without a PIN [30]. In comparison, an
SMS-based mHealth program without PINs in South Africa
reported 3% (n=3) of participants having unintentional HIV
disclosures [31]. Unlike SMS, USSD systems can be config-
ured to require a PIN and do not store messages directly on
patient mobile phones. Therefore, future mHealth programs
should consider USSD systems, which can more reliably
transmit sensitive information than SMS.

MatlaMobile and other South African mHealth pro-
grams, like MomConnect, have also been highly acceptable
to patients, especially for their convenience compared to the
standard-of-care [23, 32]. Nearly all MatlaMobile partici-
pants (96.9%) reported they preferred to receive results via
mobile phone than at clinic. These findings are further rein-
forced by the Maraba study, where participants described
how mHealth prevents unnecessary waiting in queues [23].
Participants in the MomConnect program also emphasized
that mHealth fills a gap for rural communities that lack
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Table 3 Comparison of primary and secondary outcomes between the intervention and control arms in MatlaMobile pilot trial in Matlosana
Municipality, South Africa (2017-2018)

Total Control arm  Intervention arm p-value'
n=400 n=174 n=226
Primary outcomes
Viewed > 1 test result within 7 days after enrollment (%)* 180 (45.0) 15 (8.6) 165 (73.0) <0.001
CD4 (n=236) 126 (53.4) 7(8.1) 119 (79.9) <0.001
Viral load (n=238) 103 (43.3) 6 (6.0) 97 (70.3) <0.001
Tuberculosis Xpert (MTB/RIF) 45 (39.4) 10 (14.5) 35 (77.8) <0.001
(n=114)
Instructed to return to clinic within 7 days to retrieve their results® 244 (61.0) 174 (100) 70 (31.0) —
Returned to clinic within 7 days, as instructed! 29 (11.9) 15 (8.6) 14 (20.0) 0.02
CD4 20/ 148 (13.5) 7/87(8.0) 13761 (21.3) 0.03
Viral load 9/119(7.6) 6/100(6.0) 3/19 (15.8) 0.16
Tuberculosis Xpert (MTB/RIF) 15/87(17.2) 10/69 (14.5) 5/18 (27.8) 0.30
Secondary outcomes
Returned to clinic within 7 days after enrollment regardless of result (%) 36 (9.0) 15 (8.6) 21 (9.3) 0.82
Median time from enrollment to returning to the clinic regardless of result, days"T 27 (6-28) 28 (6.5-28) 27 (6-28) 0.84
Median time from enrollment to returning to the clinic among participants 18 (6-28) 28 (6.5-28) 7(5-21) 0.03
instructed to return, days**
Returned to clinic within 7 days after enrollment, despite receiving non-actionable — - 7(4.5) -

results only (n=156)

Binary variables described as n (proportion); continuous variables described as median (interquartile ranges)

MTB Mycobacterium tuberculosis, RIF rifampicin resistant

p-values calculated using a X2 test for categorical variables and a Wilcoxon rank-sum test to compare medians of continuous variables
Control arm viewed test results by returning to the clinic. Intervention arm viewed test results using MatlaMobile

S All participants in the control arm were instructed to return. Participants in the intervention arm were instructed to return if they received any
actionable result message via MatlaMobile

IParticipants could have > 1 laboratory test done at enrollment. At times, multiple results required a return visit

T Participants in the control (n=52) and intervention (n=>57) were only included if they had at least 30 days of follow up data and had returned
within 30 days of enrollment

HParticipants in the control (n=>52) and intervention (n=24) were only included if they had at least 30 days of follow up data, had returned
within 30 days of enrollment, and were instructed to return to the clinic

access to in-person services. Together, these results suggest
that mHealth programs can deliver relevant health informa-
tion, reduce unnecessary patient burden, and relieve clinic
patient volumes. If an mHealth program like MatlaMobile is
implemented in South Africa, however, researchers should
evaluate the potential downsides of mHealth programs
reducing face-to-face healthcare encounters among patients
with non-actionable laboratory test results.

Finally, previous work demonstrated that nurses and
patients in this specific region of South Africa are open
to using mHealth for routine care [33]. Rollout, however,
will require intensive patient education and engagement.
For example, although nearly 90% of HIV patients in South
Africa reported preferring two-way over one-way telephonic
communication with healthcare providers, a minority of
our and MomConnect participants requested call-me-backs
[31, 34, 35]. MatlaMobile participants may not have real-
ized there was a call-me-back service. Patient education or
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SMS reminders about the call-me-back feature, as done by
MomConnect, could improve uptake [35]. It is also possible
that the system to request nurse call-me-backs was not easy
to use. Several participants unintentionally requested nurse
call-me-backs, and the lowest scoring item on the satisfac-
tion scale was, “It was easy to use MatlaMobile to connect
to [the...] clinic.” This, in combination with the fact that
fewer than a third of patients viewed the full USSD message
of their result, suggest that the MatlaMobile interface could
be improved.

For example, future iterations should include messages
that sufficiently motivate patients to return to clinic. mHealth
interventions from this and the Maraba study yielded low
patient return rates, despite systematic reviews demonstrat-
ing that mHealth interventions can improve adherence to
health appointments and medications [27, 36, 37]. Mes-
sages may have been overly complex, since half of our nurse
call-me-back requests were for help interpreting laboratory
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Fig.2 Patient acceptability

of MatlaMobile and other
mHealth technologies for
delivering sensitive, personal
health information about HIV,
tuberculosis, and other health
conditions (n=159) in the Mat-
laMobile pilot trial in Matlosana
Municipality, South Africa
(2017-2018)

| would recommend other patlents to use
MatlaMobile to receive results

| would like to receive more information
about my health through my cell phone

| prefer to use MatlaMobile to get my
test results rather than going to clinic
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clinic using MatlaMobile

results, or inaccessible, since the target population did not
contribute to writing the messages before implementing the
intervention. Instead, MatlaMobile messages were designed
by clinicians and revised by multiple staff members familiar
with the target population. Despite this weakness, MatlaMo-
bile offered colloquial messages in four languages each time
participants logged in, whereas MomConnect only allowed
users to use one language, picked at enrollment [32]. To
optimize MatlaMobile, future work should examine the
details of how participants engaged with the system (e.g.,
signing in multiple times) and work closely with patients to
craft persuasive, easy-to-understand messages.

Our study has limitations. Clinics in this region primar-
ily used paper medical records to document clinic visits.
Clinic staff, who sometimes misplaced records, also did not
always note when patients returned to clinic to retrieve labo-
ratory results. This was especially true of patients whose
GeneXpert tests were negative for TB. Therefore, it may
be possible that our outcome data are incomplete. To miti-
gate these risks, we hired trained HIV counselors familiar
with the systems for filing medical records and made at least
two attempts across multiple sources to retrieve each par-
ticipant’s record. Our study may also contain secular biases
because we recruited study arms sequentially. We believe
biases are minimal because we recruited participants dur-
ing similar seasons and there were no major health policy
changes during the study. Additionally, our telephonic
acceptability survey results could include social desirabil-
ity bias. The quantitative results presented here, however,
align with a forthcoming analysis of qualitative interviews
exploring perceptions about MatlaMobile. Self-reported

from the clinic _ 95

A

w
o
w
©
o
o

data are often limited, especially for identifying breaches of
confidentiality, as incidents may have occurred without the
participants’ knowledge.

Conclusion

Results from MatlaMobile, though promising, will require
further implementation research, buy-in from stakeholders,
strong long-term governmental commitments, and financial
investments to scale the program nationwide [38—40]. Key
considerations for scaling include: patterns of SIM card and
phone ownership in South Africa; potential supply chain
impacts due to increased demand for ART or TB treatment;
and importantly, interoperability with laboratory databases
and future electronic medical records [36, 41, 42]. Our data
suggest a USSD system is an inclusive solution to deliver
results directly to patients with most types of cell phone.
Therefore, a more comprehensive trial is needed and should
include an integrated version of MatlaMobile where labora-
tory results with improved motivational messages are auto-
matically sent to patients [23]. Providing patients direct
access to their health information can promote valuable
knowledge and engagement in care.
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