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Abstract

Purpose of Review Despite continuous innovations and federal investment to create digital interventions addressing the HIV
prevention and care continua, these interventions have not reached people in the U.S. at scale. This article reviews what
is known about U.S. implementation of digital HIV interventions and presents a strategy to cross the research-to-practice
chasm for these types of interventions.

Recent Findings We conducted a narrative review of U.S.-based original research on implementation of digital HIV interven-
tions and identified few studies reporting on implementation determinants, strategies, processes, or outcomes, particularly
outside the context of effectiveness trials. To supplement the literature, in 2023, we surveyed 47 investigators representing
64 unique interventions about their experiences with implementation after their research trials. Respondents placed high
importance on intervention implementation, but major barriers included lack of funding and clear implementation models,
technology costs, and difficulty identifying partners equipped to deliver digital interventions. They felt that responsibility
for implementation should be shared between intervention developers, deliverers (e.g., clinics), and a government entity.
If an implementation center were to exist, most respondents wanted to be available for guidance or technical assistance but
largely wanted less involvement.

Summary Numerous evidence-based, effective digital interventions exist to address HIV prevention and care. However,
they remain “on the shelf” absent a concrete and sustainable model for real-world dissemination and implementation. Based
on our findings, we call for the creation of national implementation centers, analogous to those in other health systems, to
facilitate digital HIV intervention delivery and accelerate progress toward ending the U.S. epidemic.

Keywords eHealth - mHealth - Intervention technology - Digital intervention - HIV prevention - HIV care -
Implementation - Dissemination

Introduction

As articulated in the U.S. Ending the HIV Epidemic (EHE)
Plan, for the past decade, we have had the biomedical tools
to effectively eliminate HIV transmission—highly sensitive
tests to diagnose HIV infection, interventions to prevent and
treat infection, and cutting-edge technologies to identify
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and respond to outbreaks and individuals out of care [1].
Yet over much of the past decade, overall HIV diagnoses
in the U.S. did not decline. In fact, rates among many key
populations, such as young men who have sex with men
(MSM), trended upwards—a pattern that just shifted in 2021
with the first evidence of declines among young MSM [2].
This is largely because these effective interventions did not
reach the people who needed them. For example, adoles-
cent MSM have a high HIV incidence [3-5] but poor HIV


http://crossmark.crossref.org/dialog/?doi=10.1007/s11904-024-00693-1&domain=pdf

Current HIV/AIDS Reports (2024) 21:152-167

153

status awareness due to low rates of testing (e.g., only 23%
have ever had an HIV test [6]), limited use of PrEP [7, 8],
and lower rates of viral suppression [9], indicating need for
improving services across the HIV prevention and care con-
tinua. Profound racial inequities also exist in HIV incidence,
prevention, and care. This is an implementation challenge
that will be solved not with more investment in better tests
and medications but with research on effective and equitable
implementation strategies.

Solely relying on a medical model for intervention
delivery will not work due to needs around awareness,
skills, motivation, adherence, retention, and engagement
that exceed the capacities of a brief medical appointment.
Instead, we need strategies that increase consumer demand
and support effective utilization: Adjunctive interventions
augment and enhance health interventions’ effectiveness
by supporting initial uptake, adherence, and/or continued
engagement with the intervention [10e]. In the HIV sphere,
adjunctive interventions have historically been limited to
behavioral interventions to increase condom use through
individual, couple, small-group, and community program-
ming; more recently, they have also aimed to increase HIV
testing, PrEP uptake and adherence, and HIV care engage-
ment. Such evidence-based behavioral interventions have
typically been delivered by health departments and commu-
nity-based organizations (CBOs) [11-13] but reach only one
quarter of urban MSM [14], 13% of heterosexuals [15], 32%
of people who inject drugs [16], and 63% of transgender
women [17]. Research also suggests these interventions are
not always implemented with fidelity [18-20], which can
produce a “voltage drop” in effectiveness [21].

In recent years, these intensive behavioral interventions
have been deprioritized into optional elements in federal
HIV prevention funding [22], thereby limiting resources to
cover the costs of implementation. The National Institutes of
Health (NIH) and other agencies have thus invested substan-
tial funds into developing digital adjunctive interventions
for HIV [23e], with the hope of tapping into the promise of
wide-scale delivery with high fidelity at low cost [24]. Evi-
dence from systematic reviews and meta-analyses indicate
that digital programs have significant effects on reducing
HIV risk and increasing protective behaviors comparable to
in-person programs [25e¢e, 26-31]. Agencies like the U.S.
Community Preventive Services Task Force [32], United
Nations Programme on HIV/AIDS, and World Health
Organization [33] have issued recommendations for digital
HIV interventions. However, guidance from these agencies
on how to implement or even access these interventions is
missing. Some examples of real-world utilization of evi-
dence-based digital HIV interventions in the U.S. do exist,
primarily in support of HIV care services (e.g., telehealth
[34], text message reminders [35]), but over two decades
since the first computer- and Internet-based applications for

HIV were tested, wide-scale implementation of such pro-
grams remains at a near standstill nationally.

In this paper, we sought to understand why effective
digital HIV interventions are not being implemented. Our
approach was framed using implementation science (IS),
a field dedicated to the “study of methods to promote the
systematic uptake of research findings and other evidence-
based practices into routine practice” [36]. IS disentangles
the complexities of introducing and integrating a new inter-
vention into a system into several interrelated components
[37, 38]: (1) Determinants of implementation are the multi-
level conditions or characteristics of a given system or set-
ting that may facilitate or be a barrier to implementing a
given innovation. Examples for digital HIV interventions
include recipients’ broadband Internet access, organizations
and their staff’s technological capacities, and levels of HIV
stigma in communities. (2) Implementation strategies are the
specific and replicable actions taken by external and internal
agents to deliver the innovation, often by mitigating or lever-
aging specific determinants. Examples include training HIV
service providers to deliver the digital HIV intervention,
building technological capacity at implementing sites, and
marketing interventions on mobile dating applications. (3)
The implementation process describes the order and timing
in which strategies are conducted, and (4) implementation
outcomes are indicators of implementation success, such as
the proportion of the target population reached by the inter-
vention and the cost of delivery. Together, these components
form the pillars for understanding the current state of digital
HIV intervention implementation.

Narrative Review of Digital HIV Intervention
Implementation

Review Methods

We conducted a literature search of PubMed for original
research focused on digital (i.e., “ehealth,” “mhealth,”
“digital,” “web,” “smartphone,” “internet,” “text message,”’
“social media”) HIV or sexual health intervention or pro-
gram implementation (i.e., “implement,” “deliver,” “barri-
ers,” “determinants,” “adoption,” “fidelity”’). We limited the
search to the U.S./Canadian context because implementa-
tion approaches would not generalize due to the countries’
unique demographic makeup, HIV epidemiology, and
fragmented healthcare system. Of 132 results returned, we
excluded development, digitization, interest/preference, pro-
tocol, and purely efficacy/effectiveness studies as well as
studies of digital implementation strategies of non-digital
interventions, leaving 22 published articles of relevance. We
also searched gray literature and health agency websites for
additional articles and reports using similar keywords.
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Review Results

What Do We Know About Determinants of Implementing
Digital HIV Interventions?

Before identifying what contextual factors influenced digital
HIV intervention implementation, we needed to first iden-
tify the contexts in which these interventions were imple-
mented. Many studies reported delivering the intervention
directly to consumers (DTC; e.g., [39, 40]), but there were
also examples of fully or partially digital HIV interventions
being integrated into schools (e.g., [41-43]), clinics (e.g.,
[44-46]), and other settings (e.g., [47-50]). Among studies
testing intervention effectiveness, which comprise most of
the published research, the intervention was often delivered
by the research team (e.g., [S1-55]) in an environment that
was more controlled and favorable to implementation than
the real world. It was not always clear then, particularly for
DTC delivery, who would be the eventual deliverers besides
researchers. Some studies tackled this question by supple-
menting the effectiveness trial with exploratory implementa-
tion research [56] with potential implementers. For example,
within a DTC-delivered type I hybrid effectiveness—imple-
mentation study [57, 58], Ventuneac et al. [59] interviewed
HIV service agencies about their attitudes toward poten-
tially implementing a self-guided HIV prevention program
for adolescent MSM and found that agencies felt the digital
intervention fell outside their organizations’ current techni-
cal capacities. Other studies included deliverers as part of
their effectiveness evaluations (e.g., [42, 44, 57, 58, 60, 61]);
while these types of studies had the benefit of getting feed-
back from real-world deliverers in process evaluation, other
important implementation questions—e.g., who maintains
the technology after the research is over—remain.

Given the dearth of studies involving real-world deliverers
of digital HIV interventions, research on the determinants
of implementation is limited. Studies primarily reported
on facilitating characteristics of interventions themselves,
including recipient-level acceptability and usability of the
applications (e.g., [55]) and how the interventions filled a
gap in services (e.g., [44, 62]). The needs of recipients (e.g.,
challenges accessing HIV testing and/or care, problems with
adherence) were also commonly presented as support for
digital adjunctive interventions [45, 50]. Cost and com-
plexity, which are known significant barriers in the broader
implementation literature [63, 64], were not frequently dis-
cussed. Findings are mixed regarding how the technological
aspect of digital HIV interventions affected implementation.
Decker et al. [42] reported that technological issues greatly
affected implementation but improved over time, and both
they and Cohn et al. [45] identified issues with recipients’
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access to technology (e.g., smartphone and WiFi access, data
storage, battery life) as major barriers. Ventuneac et al. [59]
identified technical capacity as a limitation at HIV CBOs,
but staff at those agencies also described their lack of expe-
rience serving adolescents as a strong barrier to adopting
the specific intervention. In contrast, Harshbarger et al. [44]
found that a web-based HIV counseling tool was generally
feasible to implement in clinics, and clinic workflows and
the physical environment were more substantial determi-
nants. For Faccio et al. [43], it was not the technology but
teens’ relationship with it—namely ‘“Zoom fatigue”—that
became a barrier. More research like these latter studies is
needed to identify the salient contextual factors, particularly
at the inner setting (e.g., implementation climate [65]) and
outer setting (e.g., funding) levels [64], that will impede
translation of digital HIV interventions from research to
practice so that appropriate implementation strategies to
address them can be developed (see Table 2).

What Do We Know About Strategies for Implementing
Digital HIV Interventions?

Because most studies on digital HIV interventions have
focused on evaluating the interventions’ effectiveness,
almost no research has systematically evaluated the effec-
tiveness of the implementation strategies supporting those
interventions. As one exception, Witte et al. [66] evaluated
the simultaneous digitization of a couples-based HIV pre-
vention program and its training and technical assistance
supports against the original manual-based versions among
80 HIV CBOs. They found that program adoption between
arms did not differ but that CBOs receiving web-based sup-
port reached significantly fewer couples. In another example,
Mustanski et al. [67ee] compared DTC versus CBO-based
delivery of a web-based intervention in a county-randomized
head-to-head implementation trial; however, results from
their study are not yet published. This same Keep It Up!
intervention had previously been shown excellent imple-
mentation outcomes when delivered by a CBO as a service,
with the university-based creators serving as the technology
and evaluation partner [68]. Several other studies conducted
more formative work on strategies. In the context of a uni-
versity-based service implementation of a clinic-deployed
mobile application, Cohn et al. [45] analyzed determinants
to refine their package of strategies, which included a man-
ual, onsite staff training, a learning management system, and
on-demand implementation support. Zulkiewicz et al. [46]
similarly mapped implementation barriers to 19 strategies
used in their pilot implementation, noting the importance of
having both strategies with generalized effects (e.g., train-
ing) and specific strategies that target barriers not otherwise
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addressed. Asking HIV CBOs about what they would need
to deliver a web-based application, Ventuneac et al. [59]
identified technical capacity building, training for staff, and
partnering with a coordinating center that provides support
for the technology as key asks. To bring digital HIV inter-
ventions to scale, far more studies are needed on designing
and evaluating implementation strategies.

What Do We Know About the Process for Implementing
Digital HIV Interventions?

No studies we could find explicitly examined implemen-
tation processes for digital HIV interventions, though sev-
eral described adaptation as a key step to ensure fit with a
population, health outcome, and/or geography [69—71]. Li
et al. [72¢] presented case examples from interventions using
different digital platforms (web application, text messag-
ing, social media, smartphone application) to highlight the
importance of directly involving deliverers, as it can accel-
erate implementation by eliminating additional time and
resource costs for building out the backend of an interven-
tion. They also noted that because HIV care, technology, and
society’s relationship with technology evolve constantly and
rapidly, adaptability within the intervention itself is critical
for long-term sustainability. Beyond adaptation, however,
specific steps for getting a digital HIV intervention adopted
and implemented are largely unknown.

What Do We Know About the Outcomes from Implementing
Digital HIV Interventions?

A common framework for understanding implementation
success is RE-AIM [73], which comprises the domains of
reach, effectiveness, adoption, implementation, and main-
tenance. As previously noted, many studies have demon-
strated the effectiveness of specific digital HIV interventions
[25e¢, 26-28]. And while all effectiveness studies report the
number of individuals they enrolled, and many break down
the demographics of enrollees [48], reach—defined as the
proportion of potential individuals in a given setting that
are offered an intervention—is rarely if ever captured due
to the non-pragmatic eligibility criteria and capped sample
sizes of effectiveness research. Two implementation studies
[66, 74] did report reach of their digital HIV interventions;
however, results were poor, suggesting the need for better
dissemination and implementation strategies. We also found
few examples of research reporting on deliverer- or setting-
level adoption [66], implementation fidelity and cost [49,
75], and maintenance/sustainment.

In summary, although enthusiasm for digital HIV inter-
ventions from potential recipients and deliverers has been

documented (e.g., [41, 53, 59, 76, 77]), the scientific litera-
ture is still sparse with information about how to implement
these technologies in practice. Given the time lag in publica-
tion as well as potential for publication bias, we sought to
supplement published research with first-hand accounts from
developers of digital HIV interventions. Their implementa-
tion experiences and challenges could help identify what
contextual factors to address, what strategies to use and in
what ways, and what outcomes to expect to ensure research
investments in digital HIV interventions make an impact on
individuals’ lives.

Survey of Creators of Digital HIV
Interventions

Survey Methods
Sample and Procedure

Sampling focused on developers of interventions listed in
Muessig et al.’s 2015 review of digital HIV interventions
(N=53) [23e] and digital interventions listed in the Cent-
ers for Disease Control and Prevention’s (CDC) Com-
pendium of Evidence-Based Interventions (N=47) [78].
We selected the former source because those interven-
tions would have potentially had enough time to reach the
implementation phase, even accounting for an additional
5-year effectiveness study. The latter source represented
interventions traditionally considered “ready for use” in
practice. We sent personalized e-mail invitations to 81
individuals who were listed as the principal investiga-
tor and/or contact person for each intervention and had a
valid email address. Invitations asked them to complete
a brief online survey about the progress of their inter-
vention implementation to date. Respondents completed
surveys between September 26 and October 20, 2023,
and did not receive incentives. The study received a non-
human-subjects determination from the Northwestern
University Institutional Review Board.

Measures

Drawing on multilevel IS determinants frameworks (e.g.,
Consolidated Framework for Implementation Research
(CFIR; 64)) that consider individual, organizational, exter-
nal, and process-related factors and contextualized with our
own technology development and implementation experi-
ence, we designed the survey to assess implementation pro-
gress/processes, strategies, barriers, and facilitators of the
interventions that respondents had developed. Respondents
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who indicated they had attempted to implement or dissemi-
nate their intervention after the completion of their effective-
ness study were asked what implementation or dissemina-
tion strategies they used and in what settings they attempted
to implement their intervention. Open-ended items asked
respondents to describe adaptations made to facilitate
intervention implementation and the most significant bar-
riers to implementation. Another section asked questions
about technology maintenance, licensing, and sustainment.
Respondents could report on more than one digital HIV
intervention they created. The survey closed by asking if
there was anything else they thought researchers and inter-
vention developers should know about implementation of
digital HIV interventions.

Data Analysis

We used Microsoft Excel to calculate descriptive statistics of
quantitative items and manage open-ended survey responses.
Using rapid qualitative analysis [79], a method commonly
used in implementation research, a lead coder (MM) the-
matically summarized the qualitative data for each question
(domain), and a secondary coder (KM) reviewed the themes.

Survey Results

Forty-seven respondents began and 44 completed the sur-
vey. Most respondents described one intervention, with 16
reporting more than one, for a total of 64 unique digital
interventions. Respondents reported on a variety of types of
digital interventions, most commonly web and social media,
text message, smartphone apps, and videos. Fewer interven-
tions related to telehealth, electronic medical records, virtual
reality and gaming, and other computer- or device-based
activities. Table 1 presents frequencies and proportions of
the closed-ended items. Except where otherwise noted, we
present subsequent results in terms of numbers of unique
interventions. Table 2 summarizes the major determinants
identified from the review and the survey, organized by the
five domains of CFIR [64].

Importance of and Responsibility for Implementation

Seventy percent of respondents reported that it was
extremely or very important that their intervention was
widely implemented, and 57% said they felt completely
or very responsible for its implementation. A subsequent
open-ended item asked participants to elaborate on who
else they felt should be responsible for intervention imple-
mentation. One respondent noted that it was not important
to implement because their intervention was not found to
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be effective. The remaining responses were evenly divided
among three entities: research teams that developed the
interventions; funders and government agencies such as
the NIH, CDC, and health departments; and specific set-
tings such as clinics, schools, CBOs, and service agencies
who would deliver the intervention. Many emphasized that
the responsibility does not rest on one entity and instead
should be a collaborative effort, suggesting this may
result in greater implementation complexity due to these
dependencies:

It takes a village... It isn’t one person or one agency.
“Real world” implementation requires... many cham-
pions, resources to make the intervention available,
and advertising or other means of spreading the word
that the program is available and is worthwhile. Addi-
tionally, as the science grows, continued implementa-
tion requires revisions to ensure information is con-
temporary. Someone needs to make all of that happen
and most researchers don’t have the training or the
funding to make that happen. — no. 16

Steps Taken to Implement or Disseminate Intervention

Respondents were asked to select from a checklist any imple-
mentation or dissemination strategies that they employed
for their interventions, which we have described themati-
cally. Nine respondents indicated that no steps were taken
to implement their interventions.

The most frequently endorsed strategies related to apply-
ing for additional funding to either research or implement
the intervention. This was predominantly through federal
research funding mechanisms like NIH/NSF and less fre-
quently through local health departments, CDC, Sub-
stance Abuse and Mental Health Services Administration
(SAMHSA), or Health Resources and Services Administra-
tion (HRSA) or through specialized mechanisms like small
business innovation research and technology transfer (SBIR/
STTR) grants. Three respondents reported seeking funds
from investors. The second most endorsed strategies related
to intervention dissemination, including making content
freely available and writing an intervention manual. These
two broad categories of options are illustrated by this partici-
pant’s response: “Original research funded by NIH involved
disseminating virtual game intervention over the web nation-
ally. Publications resulted from this work. I have provided
copies of game to researchers” (no. 8).

These were distantly followed by other types of strate-
gies, such as copyrighting, partnering with health technol-
ogy companies, and licensing to brokers who would then
disseminate the intervention. A subsequent open-ended item



Current HIV/AIDS Reports (2024) 21:152-167

157

Table 1 Descriptive statistics of the implementation experiences of creators of digital HIV interventions (N =64)

n %
What is/was your role(s) with this intervention (e.g., developer, coordinator, collaborator, mentor)?™
Principal investigator 53 83%
Collaborator 3 5%
Developer 3 5%
Staff 1 1%
Other 4 6%
How important is it to you that this intervention is widely implemented ?™
Extremely important 25 40%
Very important 24 38%
Moderately important 10 16%
Slightly important 1 1%
Not at all important 3 5%
How much responsibility do you feel you have for this intervention's implementation?™
Completely responsible 8 13%
Very responsible 28 44%
Moderately responsible 14 22%
Slightly responsible 6 10%
Not at all responsible 7 11%
What steps have you taken to implement or disseminate this intervention in any setting, including subsequent research?®
Applying for NIH/NSF or other research grants (NOT SBIR/STTR grants) 22 34.92%
Making intervention content freely available to public 22 34.92%
Writing an intervention manual 21 33.33%
Other 18 28.57%
Obtaining local/regional funding (e.g., health department) 12 19.04%
Applying for CDC, SAMHSA, or HRSA grants 9 14.28%
No steps have been taken to implement or disseminate the intervention beyond scientific publications 9 14.28%
Seeking copyrights 9 14.28%
Partnering with a health tech company 7 11.11%
Making intervention code freely available to public 3 476%
Seeking funds from angel investors/venture capital 3 476%
Applying for SBIR/STTR grants 2 3.17%
Licensing to broker (e.g., having an organization implement or disseminate the intervention for you) 3 476%
Seeking patents 0 0%
What settings was your intervention implemented in?®
Community-based organizations 27 50.94%
Public health departments 22 41.51%
Hospitals 14 26.41%
Schools 12 22.64%
Other 6 11.32%
Who owns the license to this intervention?®
I do (as an individual) 12 19.67%
My university/institution 14 22.95%
I don’t know 15 24.59%
Other 24 39.34%

If this intervention were part of a national repository/implementation center for delivering digital HIV interventions, what involvement would

you want to have in the maintenance, enhancement, and dissemination of this intervention?™

Consultation in implementation support (e.g., you train the repository to provide technical assistance to implementers)
Approval of content maintenance, adaptations, and enhancements (but someone else handles the updates)

Approval over how it is priced or licensed

31
23
22

51.66%
38.33%
36.66%
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Table 1 (continued)

n %
Responsibility over content maintenance, adaptations, and enhancements (i.e., you/your developers update content and/or plat- 19 31.66%
form and redeposit in the repository)
Approval over how it is used in future research 17 28.33%
No/minimal involvement 15 25%
Direct involvement in implementation support (e.g., you train or provide technical assistance to implementers, you provide 13 21.66%
protocols and manuals)
Approval over how it is marketed (e.g., advertisements) 11 18.33%
Approval over where it is implemented (e.g., settings, geographic locations) 10 16.66%
Other 5 833%

If this intervention were part of a national repository/implementation center for delivering digital HIV interventions, what would you want to

receive back?®

Regular reports on dissemination/implementation status (e.g., reach, enrollment) 38 63.33%
Attribution 29 48.33%
Funding to maintain or adapt the content and/or platform 26 43.33%
First rights to conduct further research on this intervention 23 38.33%
Funding to produce implementation supports (e.g., manuals, implementation guides) 20 33.33%
Staff time to produce implementation supports (e.g., manuals, implementation guides) on your behalf 19 31.66%
Royalties/profit from licensing fees 12 20%
Access to aggregate user data 13 21.66%
Access to individual user data 11 18.33%
Nothing 9 15%
Other 5 833%
Which software developer or software development group originally wrote the code for the underlying software of this intervention?®
Commercial partner 32 53.33%
Used open-source or already-built software (no software developer needed) 8 13.33%
Developers within my own lab 6 10%
University IT group 4 6.66%
External non-profit 3 5%
Software development group at another university 2 3.33%
Other 8 13.33%

Is the same software developer or software development group still maintaining (i.e., making technical updates, providing technical support)

this intervention?™
Yes

No

Unsure

My software is not being maintained

22 37%
15 25%
6 10%
17 28%

Who is currently maintaining the software (i.e., making technical updates, providing technical support) for this intervention?®

Developers within my own lab
Commercial partner

Unsure

Other

7.14%
2 1429
2 1429%%
11 78.57%

Ns vary due to branching logic and incomplete survey responses

(M) indicates item responses were mutually exclusive. (A) indicates respondents could select all that apply

that allowed them to describe other steps taken yielded a
variety of responses, such as creating a start-up company;
having discussions with the CDC, clinical directors, and
funders about future pathways to implementation; and get-
ting the intervention designated as a CDC Evidence-Based
Intervention.
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Settings, Licensing, and Technology

We asked respondents to indicate all the settings in which
their interventions were implemented. Interventions were
predominantly implemented in CBOs and health depart-
ments, with fewer implemented in hospitals/clinics,
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Table 2 Determinants of implementing digital HIV interventions identified from a narrative review and survey of creators, organized by
domains from the Consolidated Framework for Implementation Research (CFIR) 2.0

CFIR domain

Review

Survey

Outer setting

Inner setting (including technology and
implementation partners)

Individuals

Innovation

Implementation process (including strategies)

o Constantly evolving scientific (intervention content),
technological, and sociotechnical landscape (-)*
o Technology (e.g., Zoom) fatigue among recipients (-)

o Not always clear what the right delivery settings are (—)

o Lack of technical capacity (-)*

o Challenges integrating technology into workflows and
physical environment (-)

o Uncertainty around who should maintain the technology

o

o Deliverers’ enthusiasm for digital interventions (+)

e Recipients’ need for support to utilize and/or adhere to
HIV interventions (+)

o Recipients’ acceptability (in research contexts) of digital
interventions (+)

e Recipients’ limited access to technology, especially
broadband and high data capacity (-)

o Interventions have high usability (in research contexts)
(+)

e Digital interventions fill gaps in services (+)

o Intervention technology is adaptable to scientific, tech-
nological, and sociotechnical changes (+/-)*

e Technological issues, bugs (-)*

o Adapting to local contexts (+)*

o Involving deliverers from the design phase (+)

e Unknown processes for adoption and implementation
-)*

e Delivering direct to consumer versus through an organi-
zation (?)

o Building technical capacity (+)*

o Training (+)*

o Providing external implementation support (+)*
o Digitizing supports (?)

o Outsourcing technological support (+)*

e Lack of continuous funding for development, adapta-
tion, deployment, refinement, redeployment (—)*

o Target audience is too small to secure investors (—)

o Slow and fragmented pace of research relative to
technological innovations and commercial models
-)*

o Uncertainty around ownership of the intervention
and ability to license (?)*

o Implementation requires complex collaboration
among researchers, settings, and government/funders
)*

o Difficulty finding appropriate and long-term technol-
ogy partners (-)*

o Difficulty forming and maintaining implementation
partnerships (-)*

o Lack of partner staff and financial resources (-)
o Competing priorities (-)
o Lack of partner interest (—)

o Developers feel it is important to implement (+)*

o Developers feel responsible for implementation (+)*

o Limited attempts by developers to implement outside
research (-)*

o Recipients’ limited access to technology (-)

o Intervention technology is difficult to maintain and
update (-)*
o Ongoing need for adaptations for content, context,
usability, and/or age (+/-)*

o Software typically not maintained after the research
study (—)*

o Designing with implementation in mind (+)*

e Having intervention designers involved in the soft-
ware development process (+)*

e Investing ongoing resources in technology (+)*

e Lack of models for and guidance on how to imple-
ment digital interventions (—)*

o Disseminating intervention through manuals and
websites (?)

e Seeking various sources of additional funding (?)*

o Identifying technology and implementation partners
(+H)*
o Partnering with health technology companies (?)
o Licensing to brokers (?)
o Creating a start-up company (?)
o Engaging funders and policymakers about pathways
for implementation (+)*
o Outsourcing technology maintenance to external
entity (+/-)*
o Getting external support for implementation (+)*

o Seeking copyrights and designation as a CDC
evidence-based intervention (?)

(+)=evidence or suggestion that this is/would be a facilitator. (-) =evidence or suggestion that this is/would be a barrier. (?)=reported as a
characteristic or process but with unclear valence or outcome. * =potentially addressed/leveraged by the proposed national infrastructure

schools, and solely online. Of note, implementation may
have occurred still in the context of a research study; few
respondents had attempted implementation outside research
altogether.

Regarding ownership of the intervention license,
respondents were divided among their institution/uni-
versity, themselves as an individual, and “I don’t know.”

Those who provided write-in responses largely indicated
that the intervention was not licensed, with fewer stating
that the intervention was in the public domain or licensed
by a software company. Over half of interventions’ soft-
ware platforms were initially developed by a commercial
partner, distantly followed by open-source or pre-existing
software. When asked whether the same developer was still
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maintaining the intervention, most said no or that their soft-
ware was not being maintained at all. Of the former, 78.5%
indicated that other individuals or entities were maintaining
the intervention.

Adaptations

An open-ended item asked what adaptations were made to
facilitate intervention implementation after the research
study, as many digital HIV interventions in effectiveness
evaluations may not be developed with sustained implemen-
tation in mind. Several interventions did not make any adap-
tations after study completion (n=15). Content adaptations
(n=18) included for new populations (e.g., adapting content
originally designed for Chileans to Latinas in the U.S.) or
contexts (e.g., low-to-middle-income countries). Software
and technology adaptations were endorsed at a similar fre-
quency (n=17), which included migrations to web, SMS,
Wordpress, and Canvas and moving to an open-science for-
mat. These two types of adaptations (i.e., content and tech-
nology) are illustrated by this respondent’s quote: “Videos
are used in the intervention and they do NOT age well. So
groups choose different videos that I approve. In one of the
interventions there was technology used that is difficult to
implement in community settings, so groups have adapted
these activities with my approval” (no. 84).

Implementation Barriers

When we asked respondents to name the most significant
barriers that interfered with their ability to implement their
intervention, lack of funding was overwhelmingly, and
unsurprisingly, cited as a significant barrier. This respond-
ent also highlighted the discrepancy between the speed of
innovations in the technology world and the slower pace
of science and research funding, which can hamper imple-
mentation of interventions that are developed in a research
setting:

The biggest barriers... securing sufficient continuous
funding to develop, adapt, deploy, refine, redeploy in
a timely way — nature of research funding world and
cycles do not match with pace/speed of tech develop-
ment nor do they match with commercial models and
(domestic) HIV realm is just not a large enough audi-
ence segment to be able to secure investors. — no. 39

Respondents noted a variety of challenges related to soft-
ware and technology, such as a target population’s access to
technology; difficulty maintaining and updating intervention
technology; and difficulty finding appropriate and long-term
technology partners. Some of these concerns were described
by this respondent: “The fact that the technology that was
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used to program the intervention became outdated and we
needed to update the technology; this created additional
costs which stalled dissemination of the intervention” (no.
38).

Respondents also cited difficulties forming and maintain-
ing implementation partnerships, including establishing
interventions within partner organizations, in part because
of lack of staff and financial resources, time due to com-
peting priorities, and organizational or user interest in the
intervention that led to difficulties recruiting and retaining
people into the intervention. One respondent summarized
multiple implementation barriers common among the sam-
ple, including another theme reflecting a lack of models for
and guidance on how to implement a digital intervention:
“No national model for funding the technology delivery;
CBOs have limited experience with eHealth so need a lot of
capacity building; CBOs are often unaware of these inter-
ventions and they are not called out in FOAs [funding oppor-
tunity announcements] from funders as eligible for delivery”
(no. 67).

Advice for Other Researchers and Developers

We asked participants an open-ended question about what
others should know about implementing digital HIV inter-
ventions. Several respondents emphasized that those who
design the interventions should also be more involved in
intervention software development, including having a
working knowledge of the software development process,
logistics, and costs of developing and maintaining a digi-
tal intervention over time. Relatedly, others spoke to the
importance of developers investing substantial resources in
technology on an ongoing basis to ensure implementation
success, including finding reliable and experienced tech
partners: “Cost associated with the development software/
IT aspect. As researchers we may know how to develop
an intervention (front-end) but the software aspect (back-
end) is costly and also time consuming to understand as a
researcher. Also important that researchers are involved
and understand the software component so that they main-
tain control over the whole process of development and
implementation” (no. 2).

Respondents also encouraged individuals to consider
implementation from the beginning, rather than waiting
until after a digital intervention has established effective-
ness, including anticipating end-user and prospective imple-
menter needs up front. Similarly, several participants noted
the absence of a clear path forward for implementing digital
HIV interventions and called for formal guidance and sup-
port for implementation, such as infrastructure or “road-
maps” for sustaining digital interventions and increased
availability of grants focused on real-world intervention
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implementation (cf. solely researching efficacy or effec-
tiveness). This is underscored by two respondents who
expressed sentiments common among the sample: “There’s
not enough information on implementation of these types of
interventions” (no. 21), and “No real plans or framework for
the CDC or other govt organizations to support tech-based
interventions” (no. 22).

Of note, several respondents shared the sentiment that
dissemination and implementation of digital HIV interven-
tions is difficult; one mentioned that because of these issues,
it seemed easier to implement traditional face-to-face or
workbook-type interventions.

Perspectives on a Centralized Implementation Model

We asked respondents what involvement they would want
to have in the maintenance, enhancement, and dissemina-
tion of their intervention if it were administered through
a centralized implementation center or national reposi-
tory charged with delivering digital HIV interventions.
Over half of respondents wanted to offer consultative
services in support of implementation, such as training
implementation center staff to provide technical assis-
tance to implementers. A third of respondents wanted to
approve content adaptations and enhancements and how
the intervention is priced or licensed, with the implemen-
tation center handling the execution of these activities. A
quarter of respondents wanted minimal to no involvement.

A second question asked what respondents would want to
receive back from the implementation center. The most fre-
quently selected option was regular reports on the status of
dissemination and implementation, such as reach and enroll-
ment in the intervention. Other commonly selected options
were attribution, funding for further maintenance, adapta-
tions, implementation supports, and first rights to conduct
future research on the intervention.

Discussion

There remains great, but largely untapped, potential in digi-
tal adjunctive interventions that address the HIV prevention
and care continua in the U.S. Numerous effective programs
already exist, but without clear processes and strategies for
their implementation, they will continue to sit on a meta-
phorical shelf, never to reach those whom they were meant
to benefit. Furthermore, continued investment in the devel-
opment and testing of new digital HIV interventions without
simultaneous and aggressive investment in infrastructure and
resources to house and deliver them afterwards will only end
in the same result.

Fig. 1A depicts the current state of digital HIV intervention
implementation, based on our review, survey of developers, and

two decades of experience in this field. We use the metaphor
of delivering physical products to consumers, known in IS as
recipients. At the top left is intervention science, which devel-
ops and tests digital HIV interventions and has thus far com-
prised nearly all federal research dollars in this area. Interven-
tions found to be effective enter a compendium, such as those
maintained by the CDC [78] and HRSA [80]. After that, there is
a long and winding road toward preparing for implementation,
filled with obstacles identified in our review and survey such as
post-research needs to integrate with real-world health delivery
systems, costly technological modifications and maintenance,
and insufficient partnerships with deliverers. These challenges
arise not only due to the scarcity of implementation-focused
research and guidance but also from uncertainty surrounding
the next steps after demonstrating effectiveness. Yet, such bar-
riers are surmountable with time, resources, and individual
capacity and motivation. There is a point in the current state,
however, that researchers simply cannot move forward to imple-
mentation, as the lack of technological infrastructure to deposit
interventions, the lack of funding to implement digital HIV
interventions, and the lack of support for deliverers to integrate
and use these technologies create an ocean uncrossable by the
trucks carrying their interventions, preventing any handoff to
deliverers waiting to receive and use these technologies. Our
belief is that these trucks continue to pile up and that only struc-
tural interventions by federal agencies can traverse this chasm

Lessons from IS and more implementation research can
help bypass some initial barriers and shorten the time to
prepare interventions for implementation. For example,
researchers can build in time and money to design for imple-
mentation from the beginning to avoid costly adaptations
down the line [72¢]. However, digital interventions need a
“home” that can support their maintenance, adaptation, and
delivery over time, and it is impractical and inefficient for
individual teams to provide this in the context of single stud-
ies. Respondents mentioned difficulties in staying abreast
with rapid changes in the software landscape that may
require complete overhauls of platforms due to advances in
technology, such as when Adobe Flash—a go-to platform for
content delivery—became discontinued several years later.
This speaks to the need for a repository where researchers
could deposit their tested interventions, not just the research
evidence, to curate and maintain. Our respondents also
pointed to the need for strategies to systematically get digital
interventions to those who need them and to offer technical
assistance to organizations who want to implement these
interventions but lack the technology, expertise, or staffing
to do so successfully, both of which require substantial infra-
structure to support. Together with dedicated funding for
implementation, these pillars can support a way to move past
the current impasse and support researchers and deliverers
collectively getting these effective interventions to commu-
nities in need (Fig. 1B).
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A. CURRENT STATE OF DIGITAL HIV INTERVENTIONS IN THE US
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B. NATIONAL INFRASTRUCTURE SUPPORTING IMPLEMENTATION OF DIGITAL HIV INTERVENTIONS

Fig. 1 Current and potential future states of digital HIV intervention
implementation in the U.S. In the current state (A), preparing evi-
dence-based digital HIV interventions for implementation is a long
and arduous path for research teams (trucks) that is fraught with chal-
lenges (explosions). Even overcoming those, researchers have no way
to get the interventions to deliverers (workers) and recipients (people)
because of insurmountable barriers related to lack of funding, infra-

A Path Forward for Digital HIV Intervention
Implementation

We envision that these solutions could come together effi-
ciently and cost-effectively in the form of a national dis-
tribution system tailored to the implementation and dis-
semination of digital HIV interventions (represented by the
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structure, and implementation support (water). In a proposed future
state (B), a national infrastructure comprising technological infra-
structure and coordination, implementation funding, and deliverer-
centered implementation strategies (bridge) supports both researchers
and deliverers in implementation. Implementation science also helps
shorten the route from intervention science to implementation

bridge in Fig. 1B and asterisks in Table 2). One or more
technology centers could serve as national hubs for hosting,
maintaining, and delivering interventions, addressing many
of the implementation barriers cited by our respondents.
The system could streamline operations by consolidating
resources, expertise, and technological infrastructure and
could harmonize a diverse array of stakeholders vital to the
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success of these interventions, including program managers,
IT specialists, user support, and data analysts. Centers could
host essential digital resources, software applications, data-
bases, and websites while ensuring the necessary security
of the underlying technology infrastructure, addressing chal-
lenges associated with maintaining and updating technology.
Moreover, they could relieve the need for investigators to
find appropriate and stable technology partners and funding
by providing technical support that includes troubleshooting,
maintenance, and updates. After demonstrating the effective-
ness of a digital HIV intervention, creators could license the
content to the system for distribution under an agreement
that would allow for appropriate credit and other desirables
for the creator, as informed by our survey data.

At a higher level, such a system could spearhead the
promotion and establishment of standardization and inter-
operability to enable data exchange across different inter-
ventions, platforms, and devices more easily. In addition to
supporting the technology, centers could uniformly address
content adaptation needs in response to advances in clini-
cal HIV research (e.g., adding injectable PrEP as an option
to existing content on oral PrEP). They could also serve
as hubs for harmonized data collection and analysis, iden-
tifying emerging trends and best practices and facilitating
data-driven decision-making that optimizes the collective
impact of all programs within the system. It is important to
note that these centers would need to deploy robust security
measures to safeguard sensitive data and ensure the privacy
and confidentiality of health information, since simply plac-
ing interventions online without ongoing maintenance will
result in their eventual malfunction and potential for security
breaches.

Delivery of digital interventions to recipients could be
performed by technology centers directly to consumers or
mediated by local community and clinical organizations,
with the appropriate expertise housed internally. Whereas a
DTC approach might require more knowledge about adver-
tising, user engagement, and shipping logistics (if materi-
als such as HIV self-test kits are being distributed), a CBO
approach might need to provide more technological sup-
port to agencies, as noted in our findings. Both models are
viable [67e¢], but the differences in necessary skills further
supports divorcing those responsibilities from individual
research teams and deliverers.

Regardless of the selected approach, funding is critical
for implementing digital HIV interventions and was cited
as the most significant barrier among survey respond-
ents. Although health insurance reimbursement policies
and coverage may play a role in facilitating the adoption
of some digital interventions [81], not all digital products
may be reimbursed at a rate sufficient to sustain effective
implementation [82] or even at all [83]. Therefore, a syn-
chronized collaboration with national funding sources and

local organizations to create a funding schema for effective
interventions could help ensure their sustainability. Given
their scope of responsibilities, CDC is the obvious funder
for interventions focused on HIV prevention and HRSA for
digital interventions related to HIV care. However, given
that some digital interventions are generalizable (e.g., text
messaging medical reminders for PrEP or ART) and the
increased focus on status-neutral services, technology cent-
ers that use braided funding support both prevention and
care would be ideal.

There are exemplars of widespread, coordinated scale-
up of digital HIV interventions outside the U.S., such as
the QuickRes Online Reservation and Case Management
App [33, 84, 85] implemented in multiple African and
Asian countries. Features of this impressive implementa-
tion include local tailoring of implementation strategies and
field support and centralized technology hosting, training,
and technical assistance. Our proposed pathway could rep-
licate this approach across interventions. Several countries
are already actively strategizing to embed digital tools into
their healthcare systems, driven by the overarching goals of
enhancing patient care, streamlining operations, and improv-
ing healthcare accessibility. Examples include the United
Kingdom’s National Health Service, which has positioned
its digital transformation strategy as a pivotal facet of its
goals to bolster patient access to digital services by ena-
bling the digitization of healthcare records and harnessing
technology to improve patient care. Similarly, Australia has
begun to integrate digital tools into its healthcare landscape,
with a focus on initiatives encompassing digital health
records, telehealth services, and the utilization of technol-
ogy to augment healthcare delivery and accessibility. In the
U.S., the Department of Veterans Affairs has taken the lead
in the adoption of digital tools through its “Connected Care”
program, which employs technology to enhance veterans’
access to healthcare services, including telehealth and elec-
tronic health records. Notably, Kaiser Permanente, one of
the largest healthcare providers in the U.S., has seamlessly
integrated digital tools into its ecosystem and successfully
developed its own technology infrastructure to offer a wide
array of digital services to its patients, including telemedi-
cine, patient portals, mobile applications, and data analyt-
ics, all aimed at improving patient care and operational
efficiency.

Conclusion

In the U.S., there have been huge investments of taxpayer
dollars in the creation and testing of digital HIV interven-
tions, but without the mechanisms for implementation we
lay out in this article, these effective adjunctive interventions
will not impact the epidemic. To invest in demonstrating
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proof-of-concept but not in their ultimate implementation
makes the government “run the risk of becoming a kitchen
that prepares exquisite dishes that are never enjoyed by the
public who paid for their preparation” [86]. However, the
issues we have presented here are solvable. The necessary
strategies for implementation success include a national
system of technology coordinating centers that can house,
maintain, and support the delivery of these interventions;
funding for delivery to and engagement of recipients either
directly or mediated by local organizations; and plans and
templates for technology creators (often researchers) to
deposit their interventions into the coordinating centers.
Scientists can be encouraged to do all they can to plan for
dissemination and implementation during their studies (we
have offered suggestions for doing elsewhere [72¢], but the
primary responsibility for conditions necessary for imple-
mentation rests with federal agencies such as the CDC and
HRSA, and we urge them to take action to gain the return on
large prior investments.
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