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Abstract
Introduction: Electronic and other new media technologies (eHealth) can facilitate large-scale dissemination of information
and effective delivery of interventions for HIV care and prevention. There is a need to both monitor a rapidly changing pipeline
of technology-based care and prevention methods and to assess whether the interventions are appropriately diversified. We
systematically review and critically appraise the research pipeline of eHealth interventions for HIV care and prevention, includ-
ing published studies and other funded projects.
Methods: Two peer-reviewed literature databases were searched for studies describing the development, trial testing or
implementation of new technology interventions, published from September 2014 to September 2018. The National Institutes
of Health database of grants was searched for interventions still in development. Interventions were included if eHealth was
utilized and an outcome directly related to HIV treatment or prevention was targeted. We summarized each intervention
including the stage of development, eHealth mode of delivery, target population and stage of the HIV care and prevention con-
tinua targeted.
Results and discussion: Of 2178 articles in the published literature, 113 were included with 84 unique interventions
described. The interventions utilize a variety of eHealth technologies and target various points on the prevention and care con-
tinua, with greater emphasis on education, behaviour change and testing than linkage to medical care. There were a variety of
interventions for HIV care support but none for PrEP care. Most interventions were developed for populations in high income
countries. An additional 62 interventions with funding were found in the development pipeline, with greater emphasis on
managing HIV and PrEP care.
Conclusions: Our systematic review found a robust collection of eHealth interventions in the published literature as well as
unpublished interventions still in development. In the published literature, there is an imbalance of interventions favouring edu-
cation and behaviour change over linkage to care, retention in care, and adherence, especially for PrEP. The next generation of
interventions already in the pipeline might address these neglected areas of care and prevention, but the development process
is slow. Researchers need new methods for more efficient and expedited intervention development so that current and future
needs are addressed.
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1 | INTRODUCTION

Care and prevention interventions for HIV stand at the inter-
section of two important trends. First, the models of care for
people living with HIV and those at risk for HIV have become
increasingly reliant on biomedical interventions (HIV treat-
ment and pre-exposure prophylaxis (PrEP)), and have con-
verged on a conceptual framework of care continua (the HIV
care continuum and the PrEP continuum) [1–4]. The care con-
tinua are tools to measure the proportion of the population
aware of their HIV status and engaged in various stages of

HIV or PrEP care, including linkage to care, initiation of treat-
ment, retention in care, adherence, and suppression (for peo-
ple living with HIV). Second, there has been a proliferation of
technology-based delivery mechanisms for treatment and pre-
vention, including electronic (eHealth) and mobile (mHealth)
technology approaches. Mobile and other emerging electronic
technologies, collectively referred to hereafter as eHealth, are
attractive tools for health communication and innovation of
traditional HIV interventions. These technologies can facilitate
large-scale dissemination of information and effective delivery
of tools to promote and maintain behavioural modification,
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routine testing of HIV among uninfected individuals, and link-
age to HIV treatment or PrEP. Examples include smartphone
applications (apps) for locating HIV testing services, web-
based modules to improve communication in sexual partner-
ships, and digital games to educate adolescents about sub-
stance use and HIV risk. A recent review of eHealth
interventions related to HIV prevention and care through
2014 catalogued publications about interventions in develop-
ment, and noted trends towards use of social networking
sites, real-time assessment and feedback, and gamification [5].
At the crossroads of a maturing conception of serostatus-

neutral HIV care and prevention and rapidly changing technol-
ogy, there is a need to both monitor a rapidly changing pipe-
line of technology-based prevention methods, and to assess
whether the research being conducted is appropriately dis-
tributed across the care and prevention continua. For example
care and prevention indicators typically monitor distal phases
of the continua (e.g. HIV viral suppression for people living
with HIV; PrEP uptake for HIV-negative people at risk for
HIV) [6,7]. In the United States, only 51% of people living with
HIV aged ≥13 years are virally suppressed [8,9], and <5% of
men who have sex with men (MSM) with PrEP indications
have used PrEP [10]. But interventions might need to address
more proximal aspects of the continua (e.g. linkage to care,
increasing awareness of PrEP), and it is important to examine
the adequacy of the pipeline of interventions addressing these
proximal steps in the continua. To illustrate this, we present
HIV care and prevention continua, combining elements of the
HIV care and PrEP continua with traditional approaches to
HIV prevention, including testing, education and behavioural
change. We have provided an illustration of these continua
and examples of interventions (Figure 1).
We conducted a systematic review of published literature

and of public data on funded NIH grants to describe technol-
ogy-based interventions for HIV care and prevention, and to
assess the relative distribution of those interventions on the
care and prevention continua.

2 | METHODS

We conducted a systematic review of published literature and
publicly funded research, updating the methodology outlined
by Muessig et al to assess what progress has been made since
their systematic review of the literature within the framework
of the prevention and care continua [5]. Briefly, we searched
the PubMed and Web of Science databases using the dates 1
September 2014 to 1 September 2018 with the search term
“HIV” in combination with any of the following: “mobile
health”; “mHealth”; “mobile phone”; “cell phone”; “smartphone”;
“social media”; “mobile application”; “app”; “eHealth”; “Internet”;
or “game”. Article titles and abstracts were reviewed for rele-
vance, and candidate articles were reviewed in full for final
inclusion in the study.
We selected papers for which an intervention was clearly

described, piloted or tested, including research and develop-
ment protocols, with a primary or secondary outcome directly
related to HIV treatment or prevention. We defined “interven-
tion” broadly, to include any eHealth resource, tool or product
which can be used to educate, motivate behaviour change, link
users to external resources and/or support prevention

activities. For example the included intervention may: educate
users about risk factors for HIV transmission; help users
implement behavioural changes to reduce their risk for HIV
acquisition or transmission; link users to local sexual health
clinics; or support medication adherence. In addition, we
selected only those interventions which utilize new technology
and have the potential to be scaled and reach a large popula-
tion. We therefore excluded interventions which utilize text
(email or SMS) or recorded voice messaging as the only com-
ponent(s) of the intervention, as well as interventions which
use an in-person component. We also excluded: conference
proceedings; articles focused exclusively on formative informa-
tion gathering (e.g. a paper describing focus group reactions
to an intervention prototype would be included, but a focus
group discussion of acceptability and preferences for a hypo-
thetical intervention which has not yet been developed would
not be included); and interventions for general health or gen-
eric support for managing any chronic disease.
From each article, we recorded intervention and study char-

acteristics: the intervention name (if any), a brief description
of the intervention, sample size, a brief description of the
study, and study results. We also abstracted information about
the target population for the intervention: HIV serostatus
(HIV negative; HIV positive or both), age, gender, sexual orien-
tation, race and ethnicity and substance use. We categorized
each article (not mutually exclusive) based on the eHealth
mode used (web-based; smartphone app; social media; and/or
game), the stage of the HIV care or prevention continua that
was targeted (testing; education; behaviour change; linkage to
sexual healthcare if HIV negative; PrEP care support; linkage
to HIV care if HIV positive; and/or HIV care support), and the
publication stage (early developmental; trial protocol; interven-
tion-only pilot trial; real-world evaluation; or randomized con-
trolled trial (RCT)). For interventions described in more than
one publication, we assigned one publication stage based on
the most advanced study design, in order from early develop-
mental to RCT. Examples of interventions and their placement
within the HIV treatment and prevention continua are shown
in Figure 1.
We also searched the National Institutes of Health

Research Portfolio Online Reporting Tools (NIH-RePORT) for
interventions still in the research pipeline. Our search, com-
pleted on 14 August 2018, included projects awarded funding
in fiscal year(s) 2017 and/or 2018, as well as all other active
projects. We used a more recent data range than the review
of interventions in the published literature, in order to capture
current trends in innovation by cataloguing projects with more
recent funding. We used the same search strategy as used for
peer-reviewed publications. Project titles and abstracts were
reviewed using the same inclusion and exclusion criteria for
interventions in the published literature. Because these stud-
ies are ongoing, the interventions were not described in detail;
therefore, we looked for basic summary information (often
only 1 to 2 sentences) which indicated that development or
testing of an intervention is a project aim, the intervention will
utilize relevant new technology, and no indication of the exclu-
sion criteria. To exclude interventions which were found in the
published literature review, projects identified in the NIH-
RePORT were matched to the list of published interventions
using the name of the intervention (if known), study author
and project investigator names, project description, and any
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Figure 1. Target points on the HIV care and prevention continua with examples of interventions.
Examples of eHealth interventions found in a systematic review of peer reviewed literature (2014–2018). †Denotes an unpublished intervention
in the research pipeline.
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publications listed on the NIH-RePORT Project Information
Results. From the eligible project abstracts, we recorded the
target population and the stage of the HIV prevention contin-
uum that was targeted.

3 | RESULTS AND DISCUSSION

The database search of published interventions yielded 2178
unique articles of which 203 were selected for full-text review
(Figure S1). After review, we excluded 90 articles: 14 lacked
an HIV prevention endpoint; 26 used text or recorded voice
messaging only; 23 required an in-person component; and 27
lacked a clearly described intervention. We included 113 arti-
cles, describing 84 unique interventions for HIV prevention.
The interventions are presented in Table 1, organized by
eHealth mode of delivery and HIV serostatus population, with
indication of the target point on the HIV care and prevention
continua which the intervention addresses (additional inter-
vention and study detail provided in Table S1).
We found 48 interventions (57%) designed solely for HIV-

negative users and 24 (29%) for only HIV-positive users.
Twelve (14%) additional interventions could be used by either
HIV-negative or HIV-positive users. The distribution of the
interventions along the care and prevention continua can be
seen in Figure 2. Around one third of the interventions
(n = 27; 32%) linked users to HIV testing services or served
to adjunct home testing. Some of these testing interventions
also provided the important bridge to HIV care for patients
with positive results (n = 10; 37%) or to sexual health ser-
vices for patients with negative results (n = 9; 33%). Among
interventions for HIV-negative users, most included an educa-
tional component (n = 44; 73%) and/or direct support for
behaviour change (n = 30; 50%). Fewer facilitated linkage to
clinical care (n = 11; 18%), where individualized counselling,
routine HIV and STI screening, and access to biomedical inter-
ventions, such as PrEP, can occur. We found no interventions
that were designed to support PrEP adherence or persistence.
The interventions for HIV-positive users were more evenly
distributed along the prevention and care continua, including
education (n = 21; 58%), behaviour change (n = 16; 44%),
linkage to HIV care services (n = 15; 42%), and/or HIV care
support (n = 18; 50%), including ART adherence.
The interventions were often designed for special popula-

tions, including MSM (n = 45; 54%), adolescents or young
adults (n = 31; 37%), racial or ethnic minorities (n = 24; 29%),
women (n = 7; 8%), transgender persons (n = 2; 2%), and/or
persons who use drugs or alcohol (n = 8; 10%). Vulnerable or
high-risk groups, with intersectional identities and risk beha-
viours, were targeted with tailored interventions. Among the
interventions for MSM, 13 (29%) targeted youth and 13
(29%) were for racial and ethnic minorities; four interventions
(9%) were for young MSM of colour. Similarly, the 24 inter-
ventions for racial or ethnic minority populations were tailored
for youth (n = 10; 42%) and women (n = 5; 21%). The major-
ity (n = 71; 85%) of interventions were developed for users in
resource rich countries. The remaining (n = 13; 15%) were
intended to address the unique cultural needs of specific com-
munities in low- or middle-income countries.
Web-based products, including traditional websites, messag-

ing boards and modular content (e.g. interactive videos and

quizzes), were the most common medium used for delivery of
the interventions (n = 46; 55%), followed by apps (n = 33;
39%). We found eight interventions (10%) that communicated
information using interactive gaming, including both web- and
app-based formats. Some of the interventions utilized existing
social media platforms (n = 12; 14%) to reach large audiences
with content, facilitate social support networks, and/or gener-
ate broad community discussion.
Most of the interventions (n = 58; 69%) were fully devel-

oped at the time of the most recent publication, with RCT
(n = 28; 33%), intervention-only pilot trial (n = 20; 24%) or
real-world evaluation (n = 10; 12%) results reported. The
remaining interventions were still in early developmental
stages (n = 10; 12%) or described in conjunction with a proto-
col for an ongoing or future RCT (n = 15; 18%). Among RCTs,
the format for control or placebo conditions was widely vari-
able. For example some studies used a standard-of-care or no-
intervention control condition, whereas others implemented a
control condition designed to isolate the effects of either the
intervention content or the mode of delivery. In studies test-
ing the effect of the intervention content, placebo or general
health content was delivered with technology comparable to
the intervention (e.g. a game designed to improve HIV knowl-
edge was compared to a control game that provided no health
content) [11]. Alternatively, to test the effects of new tech-
nologies, the control condition used traditional media formats
to present content that was substantively the same or similar
as the intervention (e.g. an individually tailored web interven-
tion to connect users with relevant sexual health services was
compared to a control condition that provided a simple sorta-
ble list of clinic locations) [12].
Using NIH-RePORT, we identified 422 projects with funding

in the years 2017 or 2018 or continued active support
awarded in prior years. We removed 152 duplicate entries
(consecutive annual funding for ongoing work), leaving 270
unique projects eligible for review. Of these, 81 projects met
inclusion criteria: 19 were matched to the published literature
review and excluded, leaving 62 interventions in the research
pipeline.
We found 41 interventions (66%) in the research pipeline

focused on HIV-negative users and 28 (45%) for HIV-positive
users; seven (11%) of the interventions had features for both
populations. Overall, 19 (31%) of the projects aim to promote
or facilitate HIV testing. Among potential future interventions
for HIV-negative users, 14 (34%) will include educational con-
tent, 17 (41%) will promote behavioural modification, 9 (22%)
will link users to clinical care, and 13 (29%) will support PrEP
care. The interventions for HIV-positive users will include
components for education (n = 4; 14%), behavioural modifica-
tion (n = 10; 36%), linkage to care (n = 4; 14%) and HIV care
support (n = 22; 79%). Figure 2 shows how these interven-
tions would contribute to the existing collection of interven-
tions represented in the published literature.
Our systematic review found a robust collection of eHealth

interventions, spanning important populations at risk for HIV,
a balance of interventions addressing the prevention and care
continua, and a wide variety of eHealth platforms. A major
finding is that, for interventions in both the prevention and
care continua, there is a greater representation of studies
addressing more proximal steps in the continua than the distal
steps. Thus, our review illustrates the need for more
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interventions focused on linkage to care, retention in care and
adherence to therapies, especially PrEP.
Examination of funded studies that do not yet appear in

published literature suggests that the next generation of
eHealth interventions have a more expansive focus on distal
phases of the continua. Notable among these are the 12 inter-
ventions to help users manage PrEP care. The importance of
PrEP adherence has been well documented since at least
2012 [13–15] and the National HIV/AIDS Strategy for the
United States was updated in 2015 to prioritize comprehen-
sive PrEP programmes including interventions for adherence
[6]. Interventions exist to address adherence to HIV treatment
and these interventions may be useful for persons using PrEP
as well. However, PrEP is used by individuals for prevention,
rather than treatment, so there may be unique challenges to
motivating adherence and persistence. The lack of any such
eHealth interventions thus far in the published literature high-
lights the often slow process inherent to evidence-based inno-
vation. A recent review of smartphone app marketplaces
found 11 PrEP interventions already available for download,
including five with features for improving adherence, but qual-
ity was variable and none were found in the peer-reviewed lit-
erature [16]. These apps could be important stopgap tools,
but a rigorous and scientific process is needed so that users
and stakeholders can be confident that the tools work.
Researchers can expedite the process with more efficient
development, modification and testing protocols that do not
always reinvent the wheel. A sustainable eHealth intervention
will need to be flexible to meet new challenges in HIV care
and prevention and transferrable to rapidly evolving eHealth
technologies. One way to achieve this is to isolate and test
the effects of individual components of an intervention
thereby allowing future innovations to recycle and build upon
effective strategies.
The overwhelming majority of interventions we found were

designed for use in high-income countries, where smartphones
and high speed Internet are ubiquitous. It is important to note
that our review excluded eHealth interventions that use only
SMS or voice messaging. A recent systematic review of SMS
and voice call interventions for HIV-positive subjects found

that a majority were for individuals in low- and middle-income
countries, contrasting the findings of this review [17]. Limited
access to new technologies in these settings has likely discour-
aged researchers from developing interventions that utilize
these platforms. Consequently, innovative approaches to HIV
prevention will not reach areas with the greatest global need.
New technology interventions are not necessarily better than
text and voice messaging interventions, and there remains a
need for these interventions in geographies with poor technol-
ogy infrastructure and in populations with low technology lit-
eracy. However, as technology becomes available to more
people, equitable access to new technology interventions, if
indeed superior, must be ensured. Comprehensive and coun-
try-specific strategies should be implemented to maximize the
benefit of currently available technologies and plan for future
availability of others [18].
Our study has limitations typical of systematic reviews. We

are limited in our electronic search to published articles, and
there may be publication biases that lead to under-represen-
tation of studies that have not been found to be efficacious;
our analysis did not summarize efficacy, but we might have
failed to enumerate studies for which the authors chose not
to publish results or presented findings at a conference. We
only searched two databases of published articles and our
search terms, while selected to be comprehensive, may not be
exhaustive. We have also missed early phase studies not yet
published and funded through sources that would not appear
in NIH-RePORT – for example studies funded through founda-
tional sources or through government health departments.
Finally, our study excluded eHealth interventions that include
other components (i.e. face-to-face counselling that is
“boosted” by an app) which means we missed some interven-
tions that fall within the new tech landscape. However, we
chose to limit the scope of the review to interventions that
can have broad impact.
We believe that there is value in periodically summarizing

or updating the research pipeline based on the care and pre-
vention continua and their elements. For example the Global
HIV Vaccine Enterprise maintains a “pipeline project” with an
updated description of the state of the vaccine field, from

Figure 2. Number of interventions identified based on the targeted point of the HIV prevention continuum.
eHealth interventions were found in a systematic review of peer reviewed literature (2014–2018). Categories are not mutually exclusive. Fre-
quencies represent the number of interventions found in the published literature, with the area of the circles proportional to the number of inter-
ventions. The halos demonstrate how these circles would grow if projects recently awarded NIH funding are ultimately completed and published,
with frequencies in parentheses to represent the number of projects with funding awarded. Linkage to Care and Care Support refer to PrEP care
and HIV care for HIV-negative and -positive populations, respectively.
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early concepts through randomized studies [19]. Descriptions
such as ours and the Global HIV Vaccine Enterprise docu-
ment, allow funders and researchers to develop an under-
standing of relatively under-investigated areas of study, and
propose or fund projects to address important but understud-
ied steps in the prevention and care continua.

4 | CONCLUSIONS

The emergence of eHealth technologies has created opportu-
nities for large-scale dissemination of effective prevention
interventions. This review provides an overview of recently
published interventions as well as the next generation of inter-
ventions that are still in development. The research pipeline of
eHealth interventions is robust, with a wide variety of knowl-
edge, behavioural and care needs addressed. There is contin-
ued need for interventions to address adherence and
retention in care for therapies, especially PrEP, service to key
populations in low- and middle-income countries, and develop-
ment of more efficient and expedited processes for interven-
tion research and development.
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Figure S1. Results of the database search for recently pub-
lished eHealth interventions.
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ture, 2014 to 2018
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