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Abstract

Purpose of Review—Through a review of the peer-reviewed and gray literature on HIV mobile
health (mHealth) tools for health workers and in-depth interviews with mHealth leaders in the
field, we provide a synthesis of current work and propose mHealth research priorities for HIV
prevention, care, and treatment.

Recent Findings—Significant investment in implementation research and bringing together
researchers capable of identifying drivers of successful implementation and industry leaders
capable of bringing efficacious tools to scale are needed to move this area forward.

Summary—Effective and appropriate technologies to support health systems in the prevention
and treatment of HIV/AIDS in lowand middle-income countries are needed to improve the
efficiency and quality of health service delivery and ultimately improve health outcomes.
Although a growing number of HIV mHealth tools have been developed to support health workers,
few of these tools have been rigorously evaluated and even fewer have been brought to scale.
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Background

Despite significant investments by the international community, the HIVV/AIDS epidemic
continues to have devastating effects globally, with over 36 million people infected and
millions newly infected each year [1]. Sub-Saharan Africa (SSA) has been especially hard
hit, with over 25 million individuals living with HIV in 2016 [1]. Of those infected in sSA,
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less than 40% are accessing treatment, due, in large part, to structural and capacity
limitations of health services [1, 2].

Health systems to prevent and treat HIV/AIDS in low- and middle-income countries (LMIC)
require innovative strategies to facilitate and evaluate improved efficiency and quality of
service delivery and ultimately improve health outcomes. Specifically, the use of digital
communication technology to support health and healthcare delivery (eHealth) in LMIC is
an evolving strategy and represents a potentially important solution within the context of the
HIV/AIDS crisis [3].

eHealth broadly focuses on information and communication technologies, and encompasses
mobile health (mHealth) which refers to the use of mobile communication tools to support
public health and clinical care [4]. Mobile phone subscription rates in developing countries
have grown significantly from one quarter of the global market in 2000 to three-quarters by
2009 [5]. Since mobile phone penetration has exceeded other advancements in infrastructure
development in LMICs and virtually 100% of the world’s population lives within reach of a
cell phone signal, mHealth is seen as a promising approach to promote health [6]. mHealth
applications specifically targeting patients with HIV have been shown to be effective in
promoting patient-level adherence, resulting in improved clinical outcomes in multiple
patient populations and contexts [7, 8]. Improvements in service efficiency as a result of
mHealth tools have also been shown, including decreases in patient expenditure and faster
delivery of HIV services [9]. Other studies have demonstrated improvements in quality of
HIV care provision as a result of patient-oriented applications, expressly through lessening
stigma (via greater confidentiality) [10]. mHealth, rather than eHealth, is the focus of this
paper, as frontline health care workers (HCW) and managers as well as community health
workers (CHW) are more likely to access mobile devices than other digital technologies in
LMIC.

The rise in mHealth technologies in HIV care as well as in maternal, neonatal, and child
health (MNCH) promoted the gradual movement toward developing national-level digital
health systems in many LMIC, further necessitating meaningful investment in improving
monitoring and evaluation, data literacy, outcome collection, and use of these technologies.

Of the 14 WHO mHealth common use categories, six are directed toward the HCW as the
end user (Table 1) [11].

mHealth applications have been built to support HCW as job aids, for clinical decision
support, for data collection, and as evaluation tools [11]. There has been particular interest in
the development of tools to improve both frontline and CHW capacity to report and use
reliable data, rationalize resource allocation, and ensure quality of care. While mobile
technologies cannot physically carry drugs, health workers, and equipment between
locations, they can carry and process information in many forms, making them an attractive
and viable strategy [12]. Despite their widespread small-scale deployment, very few HCW-
directed mHealth strategies have been rigorously evaluated and almost none have been
implemented at scale.
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In this paper, we provide a state-of-the-science review of mHealth interventions specifically
geared toward HCW and CHWSs promoting HIV prevention and care in LMIC. Through a
review of the peer-reviewed and gray literature, HIV conference abstracts and currently
funded projects via NIH and larger foundations, and in-depth interviews with leaders in the
mHealth field, we provide insight into current and future mHealth priorities within the field
of HIV prevention, care, and treatment in LMIC contexts.

The literature review targeted peer-reviewed and gray literature, and included four
systematic review articles related to HIV mHealth and CHW mHealth, and four mHealth
landscape analysis reports to identify mHealth programs that matched the search criteria. For
the search, mHealth was defined as “medical and public health practice supported by mobile
devices” [11]. Searches were conducted on Google, Google Scholar, PubMed, NIH reporter,
as well as gray literature sources such as conference materials and mHealth websites. The
following search terms were used in a variety of combinations “mHealth,” “eHealth,”
“digital health,” “mLearning,” “HIV,” “health care worker,” “nurse,” “community health
workers,” “health system,” “WHO,” “alliance,” “expert,” and “strategic plan”.

The following inclusion criteria was used in the literature search: (i) written in a journal,
report, conference presentation, project brief, and/or website (ii) included research on
persons at risk for and with HIV (iii) focused on an LMIC (iv) mHealth activities targeted
HCWs and/ or CHWs asend users, and (v) written on or after January 1, 2013.

Literature was excluded from the review if (i) it was not specific to mHealth, but rather the
broader categories of eHealth, eLearning, and/or distance learning, (ii) the article was not
specific to HIV, or (iii) the tool had an exclusively patient-focused design.

In addition to the literature review, semi-structured interviews were conducted remotely via
Skype with leading experts in the mHealth field by the authors. Experts were initially
identified by the authors via personal contacts and then expanded with recommendations by
leaders in the field and literature reviews. Four of the five experts contacted agreed to be
interviewed. Respondents included academic researchers (2) and experts from non-profit
organizations (2) who develop mHealth tools. All individuals interviewed were men and
nationals of the USA, Canada, or the UK. Efforts to recruit female or LMIC experts were
unsuccessful.

Interviewees were asked a series of six questions related to mHealth innovations targeting
HCW and/or CHW working in HIV in LMIC setting. The main goals of the interviews were
to (i) gather perspectives on the current state of mHealth for HCWs and CHWs working in
HIV in LMIC, (ii) highlight the most compelling examples of mHealth innovations, (iii)
determine the gaps in mHealth, and (iv) identify top priorities for research in mHealth for
HCWs and CHWSs in LMIC. Five interviews were conducted between December 2017 and
January 2018. All were audiotaped and transcribed verbatim, with duration ranging from 17
to 27 min (average 20.17 min). A preliminary coding structure was derived deductively from
the interview guide. Data were coded by all authors independently and analyzed using
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applied thematic analysis [13]. Subsequently, the authors met to review and discuss code
assignments, and any discrepancies were discussed and reconciled. Themes related to the a
priori research questions were extracted. All authors discussed and analyzed themes from
key informants and triangulated impressions to determine the implications of the data.

Results

Literature Review on the Current State of HIV mHealth for Health Care Workers

Our literature search and key informant interviews identified illustrative examples of
mHealth programs for each of the WHO HCW categories, but is not an exhaustive summary
of the findings (Table 2).

Cross-Cutting Programs

Our literature search indicated that many digital tools for HCWs working in HIV had
multiple uses, with a particular convergence of programs that increased HCW access to
informational resources, including knowledge development through mLearning, connectivity
to other CHWs and HCWs through mobile telehealth, and clinical guidance through clinical
decision support systems [17, 18, 24]. This is consistent with changes in the greater mHealth
field, where the highest growth category in recent years has been in information access at the
point-of-care [11]. CHN on the Go, launched in Ghana for nurse-use in 2014, is one example
of a cross-cutting app with multiple features. The application includes mLearning courses
which nurses can take for credit, access clinical guidelines, a planner to organize work flow,
and a WhatsApp network whereby nurses can communicate with other nurses in other parts
of the country [25]. Currently, over 300 nurses and supervisors across five districts in Ghana
are using CHN on the Go with support from the international non-governmental agency,
Concern. The effect, as one participating nurse reported on the Concern website “you can
just click on it and everything is there. Your confidence is boosted up” [25].

mLearning Programs

Though the literature on eLearning and distance learning is prolific [16], there is little
evidence on the acceptability or effectiveness of mLearning programs. The two mLearning
projects we located in the search, one with interactive 3D case-based simulations and
another where educational text messages were sent, were small-scale pilot projects of 20 and
30 participants, respectively [15, 26]. The case-based simulation training tool introduced in
Peru, did not report on effectiveness or acceptability, although they did conclude that
implementation was hindered due to more interoperability on Android smart phones [26].
The educational text message study in India reported improved knowledge of HIV and
decreased stigma among users [15].

Mobile Telehealth and Communication and Informational Exchange Programs

WhatsApp and SMS as platforms to connect HCWs and CHWs with each other and their
supervisors have been tested in Kenya and Malawi with high acceptability [17, 18]. The
mCHW-WhatsApp project in Kenya found that CHWSs used WhatsApp as a tool to
communicate one-on-one and as a group with and without their supervisors. One CHW
participant explained that WhatsApp worked well as a knowledge exchange platform, “The
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person | am chatting with educates me, and also | educate her or him so it helps me. You
know, some send photos and explain about them; therefore, | learn” [16]. WhatsApp was
also used for CHWSs to document and share their work with the network, generating
motivation among CHWSs to perform well. A similar project in Malawi found that SMS was
four times less expensive and at least 134 times more efficient than traveling to communicate
in-person with supervisors [17].

Clinical Decision Support Programs

Mobile-based clinical decision support tools for HIV were available for specialized HIV
topics and sought to make typically complex tasks more accessible to those with less
training. For example, NeuroScreen launched in South Africa for CHW use is a mobile-
based tool to screen for neurocognitive impairment (NCI), one of the most common
consequences and comorbidities of HIV infection. NCI is difficult to diagnose and screen for
as its presentation is varied and complex. Given the user-friendly and automated nature of
NeuroScreen, the tool can be used by CHWSs to screen and test for NCls without substantial
investments in training. Findings show that the tool has 81% sensitivity and 85% specificity
when used by CHWs, demonstrating similar or better results than other computerized and
paper-and pencil screening tests for HIV-associated NCI which are typically administered by
higher level HCWs in clinical settings [27].

Similarly, Health Scout supports CHWs in Uganda to conduct HIV screening, triage, and
counseling among community residents, guided by the information, motivation, and
behavioral skills (IMB) model [24]. The intervention was found to be feasible to implement,
with 771 residents counseled and CHWSs observed with adequate performance. A
randomized control trial (RCT) is currently underway to assess impact on HIV care
outcomes.

Another mHealth tool simplifying more complex processes is the mobile pMTCT Cascade
Analysis Tool (bCAT). The pCAT, initially an Excel-based tool, was tested in Cote d’Ivoire,
Kenya, and Mozambique with site managers and illustrates and quantifies the site’s pMTCT
cascade steps using routine data sources to inform site-level quality improvement projects.
Preliminary findings showed high acceptability of the tool when it was used improvement
strategy, and demonstrated a four- to fivefold increase in maternal anti-retroviral therapy
(ART) coverage and HIV-exposed infant screening [28]. The original Excel tool has been
adapted and feasibility and usability tested as an mHealth application for use in Kenya and
Mozambique, and is being scaled for use in a broader province-wide systems analysis and
improvement trial, managed by the Ministry of Health with limited non-governmental
organization support [21].

Electronic Patient Information Programs

Mobile electronic patient information programs seek to improve HCW access to patient
records for increased effectiveness, efficiency, and quality of care. One such example is an
early infant HIV diagnosis program implemented in Kenya, Nigeria, Uganda, and Zambia,
where infant HIV test results are sent from the lab to the health facility via SMS. Given that
only a limited number of laboratories in these countries have the resources to test for HIV in

Curr HIV/AIDS Rep. Author manuscript; available in PMC 2020 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gimbel et al.

Page 6

infants, most health facilities must send test samples to central laboratories where results are
mailed back, with time from testing to results notification taking several months [19, 20, 29].
These delays mean that nearly half of infants in these countries (and similar countries within
sSA) tested for HIV do not receive their test results which delays initiation of lifesaving
treatment [28]. With results returning by SMS, facilities and patients reliably receive their
results sooner; in Kenya and Uganda, results are returned in less than 30 days compared to
months [29], facilities in Nigeria reduced turnaround time by 21 days [20], and Zambia
observed a 50% reduction in turnaround time [19]. Additionally, in Nigeria where small
battery-operated SMS printers print the test results, costs were 4.6 times less expensive than
the traditional paper-based method [28].

Patient Monitoring Programs

Few examples of patient monitoring programs were identified, and some were more than 10
years old [12, 30]. For the purposes of this review we have defined patient monitoring
programs as those which store patient data and which is available for clinical/frontline staff
to use to monitor patient care. The explanation for the limited number of identified patient
monitoring programs may be related to the low proportion of LMIC countries reporting
having a patient monitoring mHealth program in the South East Asia and Africa regions
(20% and 38%, respectively) [11, 31] and the absence of a national electronic health record
(EHR) system in general, although increasingly LMIC Ministries of Health are moving
toward EHR adoption. In identified programs, HCWs enter patient HI\VV/AIDS care and
treatment data on mobile phones which are stored in a central database and can be used to
track and manage patients [12, 22, 23]. CHW track patients and are able to remind them of
appointments and treatment [10].

Additional HIV mHealth Programs for Health Systems Strengthening

Two additional mHealth programs for HCWs were identified that did not fit into the WHO
categories. One is the DekiReader, a mobile diagnostic device which can read rapid tests for
various infections including HIV, conduct quality checks to assess for misprocessed
samples, and provide interpretation of the result. Several publications on the success of its
use with malaria are available; no data on acceptability or effectiveness for its use with HIV
testing is available [32].

Another health systems strengthening mHealth program is the Early Warning System
implemented in Ghana, where HCWs report weekly by SMS the stock of tracer
commodities, including HIV/AIDS commodities. These data are available online to HCWs
and managers to provide real-time status of commodities and flag any declines in supplies.
Pilot study findings showed high participation and acceptability by HCW in reporting,
though low participation among managers in using the reported data [33]. The program has
been scaled to 783 public and community health facilities in Ghana, including all ART
facilities.

A number of mHealth interventions for MNCH providers have demonstrated effectiveness in
improving service delivery [34-36]; however, simple adaptation to HIV is not
straightforward due to HIV/AIDS complexity as a chronic illness which requires lifelong
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adherence and support. Overall, the literature highlights a weakness in that HIV patient-
focused mHealth tools often do not assess provider’s perceptions of acceptability and
feasibility of the technology, despite their direct or indirect involvement [37], resulting in
less informed guidance to take these applications to scale.

mHealth Expert Interview Findings

The main goals of the mHealth expert interviews were to (i) gather perspectives on the
current state of mHealth for HCWs and CHWs working in HIV in LMIC, (ii) highlight the
most compelling examples of mHealth innovations, (iii) determine gaps in mHealth and (iv)
identify top priorities for research in mHealth for HCWs and CHWs in LMICs. Our key
informants noted few HIV mHealth projects targeted HCW/CHW as end users. Most
projects mentioned were developed as small pilots and were not brought to scale and
relatedly, limited evidence was disseminated on their effectiveness and efficiency. Finally,
more studies are needed to identify drivers and barriers to implementation success in order
to move the field forward.

Few HIV + mHealth + HCW/ CHW Projects

Our interviewees pointed out that many current HIV mHealth interventions target patients,
not HCWs, as the end user [38-40]. “There are cases where people are using mHealth
project tools to find and help register new patients. But generally, the management by health
care workers is carried out by more traditional like systems like EHR (electronic health
records) registries. There is less use in mobile technologies in the daily management of
patients.”

Interviewees noted that most mHealth technologies targeting providers focused on
improving maternal, newborn and child health (MNCH), and immunization programs, rather
than HIV. One respondent noted that the continuing and expanding support critical for HIV
patients bolstered development of more provider-directed mHealth tools in order to improve
efficiency of ongoing health system delivery. According to key respondents, efficiency can
be achieved by designing tools that enable provision of improved care with existing
resources, ensuring more rapid delivery of quality care, and/or by decreasing the costs
associated with care. Provider-directed tools have the potential to complement patient-
focused mHealth interventions which generally promote adherence to care and treatment.

“One of the areas we’re looking at is improving, with frontline health workers, the
provi[sion] of support to patients via digital needs, [so we] can reduce the number
of clinic visits that are required for one patient, for instance. And that allows for
improved efficiency.”

Many Small Pilot Projects, Few Scaled Projects

Most examples of HW-targeted mHealth tools for HIV mentioned by interviewees were
small scale pilots which had yet to be successfully and sustainably scaled-up. Thus, there is
limited guidance on the pathway to ensuring sustainability of HIV-specific mHealth
products. Defining what is sustainable and scalable is evolving in this field. One respondent
noted that previously a tool with 2000 HW users was viewed asa “large” mHealth
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intervention whereas currently a growing number of mHealth technologies have been
adopted by 5000- 10,000 provider end-users. It was mentioned by multiple respondents that
mHealth interventions have a broader history in MNCH where utilization is growing and
some lessons may be applicable across disciplines. The WHO offers guidance for innovators
working in the space of MNCH [41]. As a practical example, Dimagi, a mHealth
organization, has developed a tool in India with over 85,000 users. This tool targets MNCH
services provided by CHW. Through bringing it to scale two critical implementation issues
were noted. One, the most important characteristic of a successful tool at scale is its ability
to be nimble across multiple environments. Second, the developers, one of who was
interviewed, noted that what worked at scale was not always apparent when tested in
multiple, smaller pilots.

Finally, key informants reported that development and use of mHealth tools for providers,
although a priority area of growth in HIV care and treatment in LMIC settings, has been
hampered by weak engagement of governments and frontline health workers, which is so
essential for initial and sustained success. To combat this perennial challenge, mHealth tool
development should ensure that these technologies sync with the overall health sector and
existing data management systems in whichever country or setting where they are
introduced.

Limited Implementation Science and Impact Evaluations

Nearly all projects mentioned by the interviewees were pilot or small scale in
implementation and thus evaluations were largely limited to usability and acceptability
testing, with little research on feasibility, implementation research of scale-up, and impact
such as effectiveness, efficiency, and quality.

“There are very few things that have been designed for scale or implemented at
scale. In terms of, there is still a huge opportunity to provide additional tools. |
think some of the evidence is still, there’s evidence that’s emerging, but it’s also
lacking. There’s more evidence that needs to be generated*

To bridge this gap from piloting to scale-up, research priorities need to pivot to be more
implementation oriented and bring together academia and industry. One respondent
described the current situation.

“..It’s just that it’s just academics, it’s either academics or companies, there isn’t
enough of a coordination between them”

Engaging both researchers and industry in implementation research holds promise according
to the respondents.

“The number one priority is better utilization, adoption and scaling of stuff that
works today that has not been productized or fully rolled out, “give some data on
the interview e.g., one female HIV provider administrate in Kenya ...

Successful implementation of mHealth tools for HIV care providers will also require cost
effectiveness studies and policy reviews which could inform development of guidelines to
expedite licensing approaches to move mHealth interventions from concept to real world
application.
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Discussion and Future Directions

Through our review of the literature on HIV mHealth for HCWSs and interviews with global
mHealth experts, a number of key themes emerged. First, there was consensus that the field
is suffering from “pilotitis,” with an ever-increasing number of small pilot studies (funded
through donors, governments and foundation sources as well as the private sector). However,
the results of these pilots are disseminated unevenly in peer-reviewed literature and
elsewhere. Additionally, the time from implementation to reporting often lags while
technology is rapidly advancing. As a result, many small pilots continue to be funded and
merely “reinvent the wheel” by developing and piloting similar technology projects, rather
than prioritizing development of effective implementation models to bring successful
mHealth technologies to a broader audience [42].

In addition, efforts to demonstrate effectiveness of mHealth have been weak. Despite large
investments in mHealth technologies in LMIC, only 14% (n= 16) of WHO priority
countries reported an evaluation of a government-sponsored mHealth program [14],
demonstrating that although mHealth interventions are being developed very few projects
are integrating with the governments where they are implemented and dissemination of these
evaluations is limited to implementers and donors. This is consistent with our literature
search where only 60% of the identified HIVV mHealth for HCW projects had peer-reviewed
publications and among those, the median time from implementation to publication was 2
years. Furthermore, nearly all projects were pilot or small-scale implementation and thus
evaluations were largely limited to usability and acceptability testing, with little research on
feasibility, implementation research of scale-up, and impact such as effectiveness, efficiency,
and quality. These findings were confirmed by interviewed implementers who recognize this
limitation as a top priority for the field.

Conclusions

In order to overcome this bottleneck in bringing efficacious HIV mHealth technologies and
tools for providers to scale, academics, market entrepreneurs, donors, and governments need
to work more synergistically from development, through testing, and expansion. Bringing
researcher, donors, implementing countries, and industry together will ensure that both
clinical needs and programming knowledge will be considered throughout the design and
scaling processes. Evidence needs to be generated with support from researchers, but
academic structures can be limiting in their ability to provide services at scale and over the
longer term.

MHealth continues to be a growing field and many remain optimistic that these technologies
can support individual patients as well as strengthen human resource and health system
capacity. However, as demonstrated in this review and by the expert interviews, the field
continues to be challenged with its own exponential growth without sufficient maturity.
Although many innovations have been developed and tested, there has been little evidence
for health care worker focused HIV-specific tools working at scale. Limited information on
implementation and best practices have been generated as most studies have focused on
piloting technologies in limited settings. However many researchers and implementers have
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recognized this challenge and are transforming their approach to project design and
evaluation. This reframing includes envisioning a sustainable and scalable product from
inception and involving and pursuing input and buy in from end users and governments in
the design phase. Our review highlights the need for both industry and academic researchers
to work together to implement and evaluate mHealth tools across a broader, more
heterogeneous group of settings, and specifically examine the drivers and facilitators of
successful implementation. More and more, the field, including donors, is trying to remedy
the “pilotitis” and develop collaborative, community designed products with a focus on
sustainability and scale and this approach is needed to understand the potential of mHealth
tools to improve HIV care delivery.
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WHO mHealth use categories

Table 1

mHealth use categories

Target user

Emergency management systems

Health surveys

Surveillance

Access to information, resources, databases, and tools
mLearning

Mobile telehealth

Clinical decision support systems

Electronic patient information

Patient monitoring

Emergency toll-free telephone services

Community mobilization/health promotion campaigns
Health call centers/health care telephone helplines
Reminder to attend appointments

Treatment adherence

Health system
Health system
Health system
HCW + patient
HCW

HCW

HCW

HCW

HCW

Patient
Patient
Patient
Patient

Patient
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