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ABSTRACT
Purpose  Pregnant and postpartum women living with 
HIV in South Africa are at high risk of dropping out of 
care, particularly after delivery. Population mobility may 
contribute to disruptions in HIV care, and postpartum 
women are known to be especially mobile. To improve 
engagement in HIV care during the peripartum period, 
we developed CareConekta, a smartphone application 
(app) that uses GPS coordinates to characterise mobility 
and allow for real-time intervention. We conducted a 
randomised controlled pilot study to assess feasibility, 
acceptability and initial efficacy of the app intervention 
to improve engagement in HIV care. This cohort profile 
describes participant enrolment and follow-up, describes 
the data collected and provides participant characteristics.
Participants  We enrolled 200 pregnant women living 
with HIV attending routine antenatal care at the Gugulethu 
Midwife Obstetric Unit in Cape Town, South Africa. Eligible 
women must have owned smartphones that met the 
app’s technical requirements. Seven participants were 
withdrawn near enrolment, leaving 193 in the cohort.
Findings to date  Data were collected from detailed 
participant questionnaires at enrolment and follow-up 
(6 months after delivery), as well as GPS data from 
the app, and medical records. Follow-up is complete; 
initial analyses have explored smartphone ownership, 
preferences and patterns of use among women screened 
for eligibility and those enrolled in the study.
Future plans  Additional planned analyses will 
characterise mobility in the population using the phone 
GPS data and participant self-reported data. We will assess 
the impact of mobility on engagement in care for the 
mother and infant. We also will describe the acceptability 
and feasibility of the study, including operational lessons 
learnt. By linking this cohort to the National Health 
Laboratory Service National HIV Cohort in South Africa, we 
will continue to assess engagement in care and mobility 
outcomes for years to come. Collaborations are welcome.
Trial registration number  NCT03836625.

INTRODUCTION
South Africa has the largest number of people 
living with HIV (PLWH) worldwide, constituting 
7.7 million in 2018, of whom 4.7 million (61%) 
were women aged 15 years and older.1 Despite 

the availability of effective interventions, the rate 
of new HIV infections remains unacceptably 
high across sub-Saharan Africa,2 and retention 
in HIV care continues to be a significant chal-
lenge.3 Pregnant and postpartum women are 
at particularly high risk of dropping out of HIV 
care, especially in the postpartum period.4–9 
Various studies have identified and documented 
barriers to engagement in HIV care, including 
medication side effects, complexity of dosing 
schedules, low patient education level, poverty, 
stigma, distance and transportation challenges, 
quality of care received and reliance on tradi-
tional medicines.10–13 However, one potential 
barrier to continuous engagement in HIV care 
and treatment that is gaining attention is the 
mobility of people between regions and coun-
tries.7 14 15 In 2011, UNAIDS and the Interna-
tional Organization for Migration, signed an 
agreement recognising HIV-related challenges 
faced by mobile populations with objectives to 
integrate human rights and the needs of mobile 
populations into national and regional HIV 
responses and to ensure universal access to HIV 
prevention, treatment, care and support.3

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The study provides a rich dataset from a recent 
study cohort (2019–2021) of particular interest to 
those wishing to study pregnant and postpartum 
populations living with HIV and accessing public an-
tenatal care in South Africa, or those interested in 
mHealth interventions.

	⇒ The participant-reported data include few missing 
data.

	⇒ The limited sample size (n=193) is a weakness of 
the study.

	⇒ The study was conducted at a single site in South 
Africa, but one that should be representative of other 
public healthcare facilities in the area.

	⇒ There is substantial missing GPS data.

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-0190-7398
http://dx.doi.org/10.1136/bmjopen-2022-064946
http://dx.doi.org/10.1136/bmjopen-2022-064946
http://dx.doi.org/10.1136/bmjopen-2022-064946
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2022-064946&domain=pdf&date_stamp=2022-10-22
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Population mobility has long been recognised as one of the 
main catalysts of the spread of the HIV epidemic.16–18 Recent 
studies have shown that the mobility of PLWH may also 
result in poorer response to HIV care and treatment initia-
tives, leading to an overall negative impact on the health and 
economic status of this population.3 19 20 In Lesotho, a study 
looking at barriers to access of PLWH migrating to South 
Africa found that roughly 25% had interruptions to their 
treatment.20 Our earlier work showed that among pregnant 
women, the postpartum period is a time of frequent mobility, 
which contributes to gaps in HIV care.7 21

As countries move toward the UNAIDS 95-95-95 treatment 
goals and beyond, how population mobility influences HIV 
and maternal care effectiveness remains crucial.22 Expan-
sion of HIV treatment delivers undeniable health benefits, 
including substantial gains in life expectancy23; however, 
challenges arise in ensuring continuous, lifelong engage-
ment in HIV care.24 Population mobility affects engage-
ment in HIV care as a barrier to both individual access to 
healthcare facilities and the ability to determine if an indi-
vidual is truly lost from care.25 Given the absence of linked 
data networks at healthcare facilities, individuals who drop 
out of care at one facility may continue at a second facility, 
known as ‘silent’ or ‘unofficial’ transfer5; this may under-
estimate engagement.4 ‘Tracing’ studies that evaluate 
outcomes among lost patients in the community provide 
further insight into retention in care by documenting 
patient movement across clinic sites, in many instances 
patients who are lost to follow-up continue to receive care 
at other, more local facilities.26–28

Mobile health (mHealth) technologies are increasingly 
being used as tools in the promotion of maternal and 
child health, including to support antenatal, delivery and 
postnatal care in communities.29 mHealth interventions 
can be useful for improving coverage of community-based 
maternal, neonatal and child health services where health-
care access challenges exist,30 particularly in resource-limited 

areas.31 32 mHealth applications are widely becoming effec-
tive methods to improve how clients and health providers 
exchange health information, and they also present oppor-
tunities to enhance the quality of maternal and child health 
services provision, particularly in under-resourced health 
systems.31 Globally, evidence shows that mHealth appli-
cations may be useful responses for successful maternal, 
neonatal and child health, including increased antenatal 
care attendance, postnatal care attendance and immunisa-
tion rates.33–35

Given this background, the study sought to develop an 
mHealth smartphone application (app)—CareConekta—
to observe mobility within an observational cohort of preg-
nant women living with HIV and then assess the impact of 
an intervention among participants who travelled during the 
study period. The app was devised by the study investigators 
in parallel with a series of focus group discussions with poten-
tial users,36 developed as a beta version at Vanderbilt Univer-
sity Medical Center by Dr Martin Were and team, and then 
redeveloped and adapted by Jembi Health Systems in Cape 
Town. The CareConekta app prospectively characterises 
mobility and allows for intervening in near real-time. Regular 
‘heartbeat’ signals from the phone’s GPS system provided 
the participant’s current location geo-coordinates, which 
were made ‘fuzzy’ by transmitting a random location within 1 
km of each exact location to protect privacy. We conducted a 
randomised controlled pilot study to assess feasibility, accept-
ability and initial efficacy of the app intervention to improve 
engagement in HIV care. Full details of the study activities 
can be found in our published protocol.25

COHORT DESCRIPTION
Study setting and dates
The study enrolled 200 women attending routine ante-
natal services at the Gugulethu Midwife Obstetric Unit 
(MOU), based at the Gugulethu Community Health 

Figure 1  CareConekta study flowchart.
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Centre in Cape Town, South Africa. The MOU is a public-
sector clinic operated by the Western Cape Depart-
ment of Health that serves the township of Gugulethu, 
a peri-urban setting, as well as the surrounding informal 
settlements. Recruitment began in December 2019 and 
ended in February 2021. There was a 6-month pause on 
recruitment from March to September 2020 due to the 
COVID-19 pandemic, per the guidance of the local ethics 
board. Participant follow-up ended in November 2021.

Study eligibility and retention
Women were eligible for study participation if they met 
the following enrolment criteria:

	► Age ≥18 years.
	► Living with HIV.
	► In third trimester of pregnancy (≥28 weeks).
	► Able to speak and understand isiXhosa and/or 

English (demonstrated by asking the participant to 
read aloud the following sentence in either English or 
isiXhosa: ‘I can look up a new clinic on the phone’).

	► Own a smartphone that meets the technical require-
ments of the CareConekta app. (Android operating 
system, V.5.0 or later; cellular service on one of the 
four major local providers (Vodacom, Cell-C, Telkom, 
or MTN); can demonstrate use of GPS by opening 
a map app; can hold a battery charge (charging no 
more than two times per day).

	► Willing to opt-in to installation of CareConekta on 
her personal phone and mobility tracking.

	► Demonstrate basic smartphone-level literacy.
	► Willing to be randomised.
Of the 200 women enrolled, seven were withdrawn by 

the investigative team at enrolment due to app installation 
failure (n=6), or soon after (within 2 weeks) enrolment 
due to the participant changing to a phone that no longer 
met the study criteria (n=1). Of the 193 participants who 
continued in the study, 173 (89.6%) completed the study, 
18 (9.3%) were lost to follow-up, 1 (0.5%) participant 
refused follow-up and 1 (0.5%) participant died. The full 
study flowchart is shown in figure 1.

Table 1  Data fields collected in the CareConekta study

Data fields Variable list

Demographics and 
medical history

Age; education; parity; birth location; employment; 
socioeconomic indicators; HIV testing information; 
ART initiation date; ART side effects; history of TB; 
history of visiting traditional healer

Mobility GPS phone data; participant-reported mobility: 
lifetime mobility (moves); travel before and after 
delivery during study period; clinic switching

Sociobehavioural 
factors

Perceived barriers and facilitators of engagement 
in HIV care; depression (PHQ-4); alcohol use 
(AUDIT-C); drug use (DUDIT Q1); Patient–Provider 
Relationship scale; WHO Violence Against Women 
scale; Social Impact (stigma) scale; Availability of 
Social Support scale; Life Events (trauma) scale

mHealth usage 
and preferences

Smartphone ownership; app preferences; turnover 
of phones and phone numbers; phone sharing; 
CareConekta acceptability

Study feasibility Number of GPS data points per day per participant; 
number of phones reported lost or stolen during 
study period; days phone reported in possession of 
another person

ART adherence Wilson 3-item self-report measure

COVID-19 Impact of COVID-19 and lockdown on HIV care and 
mobility

Engagement in 
care

Participant retention in HIV care during the study 
period; early infant diagnosis outcomes

Clinical visit data HIV viral load; ART regimen; ART pharmacy records; 
antenatal and obstetric record information; infant 
HIV testing

ART, antiretroviral therapy.

Table 2  Characteristics of participants in the CareConekta 
cohort in Gugulethu, South Africa (n=193)

Patient characteristic Total

Age, median (IQR) 32 (28–36)

Age, n (%)

 � 18–25 years 24 (12.4)

 � 25–29 years 43 (22.3)

 � 30–34 years 68 (35.2)

 � 35 years and older 58 (30.1)

Highest level of education attained, n (%)

 � Primary school or less 10 (5.2)

 � Some secondary school 104 (53.9)

 � Completed secondary school 68 (35.2)

 � Any tertiary education 11 (5.7)

Currently employed, n (%)

 � No 117 (60.6)

 � Yes 76 (39.4)

 � Median salary among employed, median (IQR) R4000 (3200–5000)

Time since last employed, among unemployed (n=117), n (%)

 � Less than 6 months ago 19 (16.2)

 � 6 months to 1 year ago 33 (28.2)

 � More than 1 year ago 53 (45.3)

 � Never employed 12 (10.3)

On antiretroviral therapy (ART) prior first antenatal visit

 � No 45 (23.3)

 � Yes 141 (73.1)

 � Missing data 7 (3.6)

 � Duration on ART (in months) at first antenatal visit, 
among those who initiated ART prior to first antenatal 
visit (n=141), median (IQR)

53.3 (24.6–88.9)

 � Weeks gestation at first antenatal visit, median (IQR) 20 (13–25)

Weeks gestation at first antenatal visit, n (%)

 � ≤20 weeks gestation 99 (51.3)

 � >20 weeks gestation 87 (45.1)

 � Missing data 7 (3.6)

Participant has other living children

 � No 34 (17.6)

 � Yes 159 (82.8)

 � Number of living children, among those reporting 
other living children (n=159), median (IQR)

2 (1–2)
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Patient and public involvement
Development of the study design, intervention and 
outcome measures of the CareConekta study were 
informed by earlier developmental work with preg-
nant and postpartum women in public health facili-
ties in South Africa, including the study site.36–38 The 
goal of this early research was to understand prefer-
ences for and initial acceptability of proposed inter-
ventions. Participants were not involved in the design 
or recruitment of the CareConekta study. Results will 
be shared with the study site leadership and staff, and 
with the Gugulethu community advisory board for 
community-level dissemination.

Ethical considerations
The study protocol and all activities were approved by 
the institutional review boards of Vanderbilt University 
and the University of California, San Francisco, and the 
Human Services Research Committee of the University 
of Cape Town. All women provided written informed 
consent, which included explicit consent for GPS loca-
tion tracking, prior to study participation.

Data collection and study measures
Participant-reported data were collected through face-to-
face or telephonic (due to COVID-19 restrictions) inter-
views at enrolment and study end (approximately 6 months 
after delivery). All interview questions were categorical or 
short answer. Questionnaire data were collected directly 
on a tablet or laptop computer, and entered into a secure, 
encrypted REDCap database.39 Additionally, we collected 
GPS data from the CareConekta app, clinical data from 
the South African government-mandated Maternity Case 
Record and the infant Road to Health card, and addi-
tional routine electronic medical record (EMR) data 
from the Western Cape Department of Health. By using 
routine EMR data, all patients will have an engagement 
in care outcome at 6 months, even if the participant does 
not attend the final study visit. A summary of data fields 
collected in the study is shown in table 1.

Study participant characteristics
Characteristics of the enrolled participants are shown in 
table 2.

Findings to date
An early analysis explored smartphone ownership, 
preferences and patterns of use among enrolled 
and not enrolled women screened for eligibility in 
the study, and found that smartphone ownership 
among women attending routine antenatal services 
in this region was high (87%) and phone sharing 
was limited.40 Additional planned analyses will char-
acterise mobility in the population using the phone 
GPS data, and participant self-reported data. We will 
assess the impact of mobility on engagement in care 
for the mother and infant. We also will describe the 
acceptability and feasibility of the study, including 
operational lessons learnt.

Additional ongoing cohort activities include 
merging the CareConekta dataset with the South 
African National Health Laboratory Service (NHLS) 
National HIV Cohort. The NHLS has maintained 
laboratory test results for nearly all patients receiving 
care in the public health system in South Africa since 
2004.41 By linking to this open national cohort, we will 
continue to report treatment outcomes, such as HIV 
viral load and CD4, at time periods well beyond the 
initial data collection period, such as at 24-month and 
48-month follow-up. This dataset linkage also allows 
for long-term prospective analyses of mobility on a 
national level, since data for clinics throughout South 
Africa are reported to NHLS.
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