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Abstract

- Hope Lappen® - Robert Freeman' - Ashly E. Jordan*® - lan David Aronson'*

HIV testing rates remain low among youth ages 13-24 in the US, with only 55% of HIV-positive youth aware of their
serostatus. We conducted a systematic review to assess the utility of technology-based interventions to increase point-of-care
youth HIV testing and linkage to care. We searched PubMed, Embase, CINAHL, and Cochrane CENTRAL for randomized
controlled trials of technology-based interventions aimed at increasing point-of-care youth HIV testing, published between
2008 and 2020. All identified citations were independently screened for inclusion by two authors, and the Cochrane Risk
of Bias Tool for Randomized Controlled Trials was used to assess the quality of included studies. Three studies met all
inclusion criteria. Two interventions were effective in increasing HIV testing, while one was effective at linkage to care.
Technology-based interventions have the potential to increase youth HIV testing in clinical settings and facilitate linkage to
care, possibly reducing undiagnosed HIV among adolescents and emerging adults.
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Introduction

Youth aged 13-24 years accounted for 21% of all newly
diagnosed HIV cases in the US in 2018 [1]. Youth in this
age group are the least likely to have diagnosed HIV infec-
tions, with only 55% of those with HIV being aware of their
serostatus [2], due to low HIV testing rates [1]. Evidence
from various youth samples indicate that less than 50% of
US youth have ever been tested for HIV [3-5]. Trend data
from two behavior surveillance systems also indicate sig-
nificant declines in HIV testing rates among youth in recent
years [6, 7]. Undiagnosed HIV infections among youth
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facilitate transmission and propagate HIV within this popu-
lation [1, 8, 9]. Low testing rates also lead to delayed diag-
nosis and worse prognosis among HIV-infected youth [10,
11]. Early diagnosis of all individuals infected with HIV is
essential to curbing the HIV epidemic and, in fact, is the first
of the four pillars of the plan to end the HIV epidemic in the
US [12]. Increasing HIV testing among youth is therefore
of the utmost importance [13].

Technology-based interventions present a valuable
opportunity to increase HIV testing among youth and
engage them in the HIV care continuum. Several technol-
ogy-based interventions have been developed to increase
HIV testing rates among youth. Most of these interven-
tions specifically target youth at high risk of becoming
HIV-infected, such as men who have sex with men (MSM)
and transgender youth of color [14—-18] who account for a
large proportion of all new HIV diagnoses [1]. Research
suggests that technology-based interventions may help
address some of the barriers to testing faced by youth.
For example, a recent telehealth intervention, was used to
address concerns regarding stigma or discrimination (com-
monly cited barriers to testing among youth [3, 19, 20])
and other individual barriers to testing, among a sample of
transgender youth [14]. Similarly, a social media campaign
to increase HIV testing among adolescents emphasized
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that testing can be done confidentially and without the
need for parental consent after youth highlighted this as
a key barrier to testing during intervention development
[21]. Other common barriers to HIV testing such as low
perceived risk for HIV infection [20, 22—24] and low lev-
els of HIV-related knowledge (particularly knowledge
about HIV testing) [20, 25, 26] can also be addressed
using technology-based interventions.

Point-of-care technology-based interventions may be
especially useful for increasing HIV testing of youth in
clinical settings. This is because newly diagnosed youth can
be readily linked to care in such settings. Yet, despite rec-
ommendations for routine HIV testing for adolescents and
young adults in all clinical settings [27, 28], research indi-
cates that youth are often not tested for HIV [10, 29, 30]. For
example, in a study of youth receiving care for acute sexu-
ally transmitted infections (STIs) in large urban primary care
clinics only 55% of patients received an HIV test [31]. This
is despite recommendations that all patients being tested and
treated for STIs also be tested for HIV [32]. The low youth
HIV testing rates observed in clinical settings are in part due
to low levels of awareness among youth [26, 33] and health-
care providers [34, 35] of the need for youth to be routinely
screened for HIV. There is a clear need for interventions or
approaches that increase HIV testing as a routine part of
health care provided to youth [13]. Point-of-care technology-
based interventions may be particularly useful in meeting
this need. They may also be particularly useful in facilitating
HIV testing during the ongoing COVID-19 pandemic given
the need to minimize contact between providers and patients.

In addition to testing, ensuring that youth with diagnosed
HIV infections are linked to HIV treatment and care is criti-
cal to address individual-level health and reduce HIV trans-
mission in the community [27]. Research suggests that youth
are the least likely group in the US to be engaged in care or
virally suppressed [2, 36]. However, recent data demonstrate
that once youth are linked to and successfully engaged in
care, they remain in care and achieve viral suppression [37].
Thus, it is imperative to identify ways to not only increase
HIV testing, but also linkage to and retention in care among
youth. This will help move youth through the relevant steps
of the HIV care continuum and reduce further transmission
of HIV [38]. The majority of youth-focused technology-
based interventions are designed for use outside of clinical
settings making it difficult to immediately get youth who test
positive into HIV care. Research shows that youth whose
HIV is diagnosed outside of the health care setting are less
likely to be linked to care [23]. Point-of-care diagnosis may
increase the likelihood of linkage to care [27, 39]. For exam-
ple, a young person who is diagnosed with HIV while in a
hospital can be linked to care before they are discharged
[40]. The importance of linkage to care is highlighted by
the second pillar of the plan to end the HIV epidemic in the
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US which is to “treat HIV infection rapidly and effectively
to achieve sustained viral suppression” [12].

The goal of the current review was to identify technology-
based interventions that were designed to increase HIV test-
ing among youth aged 13-24 in the US in clinical settings
and evaluated through randomized controlled trials (RCTs).
The insights gained from the review, including examinations
of key aspects that did or did not facilitate testing, will help
inform future interventions to increase HIV testing among
youth in clinical settings.

Methods
Search Strategy

As a first step, a protocol was developed to guide the conduct
of the systematic review. A librarian on the research team
developed and conducted searches of PubMed, Embase,
CINAHL, and Cochrane Central Register of Controlled
Trials covering publication dates 2008 to April 2020. The
search strategies combined keywords and controlled vocabu-
lary related to four concepts: adolescent/young adult, HIV
testing, point-of-care setting, and technology. No limits on
publication type or language were included at this stage.
A sample PubMed search strategy is presented in Table 3
in the Appendix. Initial searches were conducted on Octo-
ber 4, 2019, covering publication years 2008-2018 and
were updated on April 17, 2020 to include more recent
publications.

Eligibility Assessment

All identified citations were uploaded into a citation man-
ager and duplicates were identified and removed. After
deduplication, two members of the research team individu-
ally screened the title and abstracts of all identified results
for relevance. Any disagreements were resolved by a third
member of the team. Next the full texts of seemingly rel-
evant articles were independently reviewed in detail by two
team members. Studies were deemed eligible if: (1) they
tested the effect of a technology-based intervention aimed
at increasing HIV testing; (2) the intervention was aimed
at increasing on-site HIV testing; (3) the study involved an
RCT; and (4) the study sample included youth between the
ages of 13 and 24 years.

Quality Assessment, Data Extraction and Analysis

All articles deemed relevant were then assessed for risk
of bias using version 2 of the Cochrane Risk of Bias Tool
for Randomized Controlled Trials (ROB2) [41]. The tool
assessed the potential for bias in five domains including the
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randomization process, deviations in intervention implemen-
tation, and outcome measurement issues. Finally, relevant
data including study sample characteristics, intervention
characteristics and study findings were extracted using a
standardized form. At each stage, discrepancies were dis-
cussed until consensus was reached. Findings from the
relevant studies were qualitatively summarized. All com-
ponents of the systematic review are reported in line with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) Statement [42].

Results
Search Results and Study Characteristics

A total of 2593 citations were identified through the search
strategy, with 555 being duplicates. Of the 2038 unique
citations, only three articles met all inclusion criteria and
were included in the analysis. Figure 1 shows the PRISMA
flowchart delineating the number of citations involved in
each step.

All three included studies involved interventions that
were employed to increase HIV testing in an emergency
department (Table 1). One study exclusively targeted youth
aged 15-21 [43]; the requirement for parental consent for
youth under age 18 years was waived to facilitate the par-
ticipation of minors in the study. The remaining two studies
included youth ages 18-24 as part of larger samples of adults
within the recommended HIV testing age range [44, 45].
Two of the identified studies used videos to increase par-
ticipants’ knowledge about HIV testing [43, 45]. Two inter-
ventions directly assessed participants’ HIV risk behaviors
and provided personalized feedback based on participants’
self-reported risk behaviors [44, 45]. Detailed descriptions
of the interventions are included in Table 1. All three studies
had a low risk of bias (Table 2).

Effect of the Interventions on HIV Testing

In the one study targeting youth exclusively, a video-based
HIV intervention was more effective than in-person coun-
seling at increasing HIV testing, with intervention par-
ticipants being almost four times more likely than control

-

2017 records excluded

18 full-text articles excluded
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Fig. 1 PRISMA flowchart of study selection
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Table 2 Risk of bias of included studies

Randomization | Deviations from Missing Measurement of Selection of Overall risk of
process intended outcome data the outcome reported results bias
interventions
Calderon (2011) ‘ ? ‘ ‘ ' '
| @ @ | @ | @ @
Kurth (2013)

participants to get an HIV test [43]. Similarly, in a study of
an intervention combining videos with personalized feed-
back and risk-reduction planning, 97% of participants in
the intervention group were tested for HIV during their
emergency department visit compared to none in the con-
trol group (two control group participants were referred
elsewhere for HIV testing) [45]. Conversely, an interven-
tion that combined a risk assessment questionnaire with
personalized feedback on reported risk behaviors did not
increase HIV testing compared to the control condition
which involved only the risk assessment questionnaire
[44].

HIV Diagnosis and Linkage to Care

Only two of the included studies reported information on
HIV diagnosis [43, 45]. In one study, no participants tested
HIV positive [43]. In the second study, the one person with
a confirmed HIV diagnosis was linked to care in a hospital-
based HIV clinic [45].

Effect on HIV Risk Perception

Merchant et al. reported similar levels of change in HIV
risk perception among participants in both the interven-
tion and control groups in their study. In the study, partici-
pants’ perceived risk of being HIV infected was measured
before and after they self-reported HIV risk behaviors in
both study groups. Although the intervention group also
received personalized feedback on each risk behavior
reported, the feedback did not appear to have much effect
on participants. The researchers posited that the feedback
“may have been too limited in scope or depth” to effec-
tively increase HIV risk perception and testing [44]. Kurth
et al., reported that several participants in the intervention
group of their study thought it was “very important” to
change their behaviors to reduce their risk for HIV infec-
tion after the intervention [45].

@ Springer

Other Findings

The two studies that provided information on acceptability
of and/or satisfaction with the interventions indicated that
more participants in the intervention group reported being
satisfied with their testing experience than control group par-
ticipants [43, 45]. One study reported greater HIV knowl-
edge among intervention group members after receiving
the intervention [43]. One study identified more HIV risk
behaviors among intervention group participants compared
to those in the control group who received standard care,
indicating high rates of unmet need for HIV testing that
would have gone unaddressed without the intervention [45].

Discussion

Our review of the literature indicates that the use of technol-
ogy-based interventions may be an effective way of increas-
ing HIV testing among youth in clinical settings. Two of
the three included interventions resulted in increased HIV
testing. A common characteristic of the interventions that
increased HIV testing uptake was the use of videos [43, 45].
Video-based interventions may be particularly effective in
addressing literacy issues and may help make the informa-
tion more accessible and relatable to participants [46]. It is
unclear how effective the use of personalized feedback is on
HIV testing uptake. The one study that combined personal-
ized feedback with a risk assessment questionnaire, videos
and a risk-reduction plan reported an increase in HIV testing
[45]. However, the second intervention that used personal-
ized feedback in combination with a risk assessment ques-
tionnaire only did not increase HIV testing. This may be
due to the fact that control group participants also received
the risk assessment questionnaire; the similarity in condi-
tions may have led to the lack of an effect [44]. However,
research has shown that risk assessment questionnaires on
their own may not be enough to increase demand for testing
[47]. Future studies that test technology-based intervention
components individually may help shed some light on which
components are most effective at increasing HIV testing.
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All three identified interventions were used in the emer-
gency department. The emergency department may pro-
vide an ideal location to increase HIV testing among youth
for several reasons. Patients often spend a lot of time wait-
ing for care in the emergency department; the average time
from arrival to discharge is well over three hours [48].
Technology-based interventions that do not require a high
degree of staff resources can be administered to patients
while they wait, increasing their demand for HIV testing.
The convenience of being able to get tested for HIV while
waiting in the emergency department and being asked
were the most commonly cited reasons for accepting HIV
testing in the study by Merchant and colleagues [44]. Fur-
thermore, research indicates that a sizeable proportion of
at-risk youth may seek care in the emergency department
due to lack of health insurance coverage [3, 49]. Research
also suggests that integrating testing into the triage routine
in emergency departments may help increase HIV testing
and facilitate linkage to care [50, 51]. Moreover, routine
opt-out testing increases HIV testing rates [52]. Therefore,
HIV testing rates among youth may be further increased
by integrating technology-based testing interventions into
the patient care routine in emergency departments.

Use of technology-based interventions can also poten-
tially address various types of stigma and privacy issues
that have been identified as key barriers to HIV testing
and engagement of youth at all stages of the HIV care
continuum [53]. Youth in need of HIV testing and related
health services are frequently discouraged by provider dis-
comfort, which can at times stem from prejudice against
racial or sexual minorities [54, 55]. Research indicates
that concerns about stigma can be so powerful that some
African American youth will refuse to even discuss HIV
prevention, much less accept testing when available [56].
Moreover, sexual and racial minority youth may experi-
ence negative judgements from staff that discourage them
from seeking out or accepting testing and available treat-
ment when needed [55]. Technology-based interventions
can be particularly helpful in addressing these types of
stigma because young people are often more comfortable
disclosing behavioral risk and discussing sensitive issues,
such as HIV testing, via computer because they do not
expect a device to judge them the way a person might
[57]. Moreover, because people in emergency depart-
ments are often treated within earshot of other patients,
the increased privacy afforded by technology (e.g., the
ability to discretely disclose risk factors including sub-
stance use and sexual behaviors, or to listen to the dialogue
of an educational video via headphones) allows staff to
implement interventions in high volume settings without
compromising confidentiality. Also, young patients who
arrive in the emergency department accompanied by a
parent may be more comfortable reporting risk behaviors

and learning about HIV prevention via tablet computer
because they do not need to discuss their sexual activity or
other risk behaviors in front of older family members [58].
Technology-based interventions may facilitate confidential
HIV testing opportunities for youth, especially in states or
jurisdictions that allow minors to access HIV testing and
prevention services without parental consent [59].

Technology-based HIV testing interventions may also
be helpful in persuading patients who have previously
declined testing of the importance of or need for testing.
Felsen et al., found that almost half of patients who had
initially declined testing during an emergency depart-
ment visit ultimately agreed to be tested when asked later
after being hospitalized. This was facilitated by an elec-
tronic medical record alert that informed clinicians that
the person had not yet been tested [60]. Unfortunately,
most patients who decline testing are not given a second
chance to test before leaving the emergency department
or other clinical settings. An intervention that provides
patients with additional information about HIV and the
need for routine testing may further increase the number
of patients who are tested in clinical settings, as research
has shown that both access to and knowledge of HIV
testing are needed to increase uptake among youth [38].
This combination of access and information on HIV may
account for the increased HIV testing of the two effective
interventions included in this review [43, 45]. However,
current standards of care do not include HIV prevention
education for emergency department patients, even for
those who test negative for HIV but report risk behaviors
that greatly increase their likelihood of future exposure.
Technology-based interventions have the potential to fill
this gap in care by being deployed to provide post-test
counseling and risk-reduction planning (as was done in
one of the included studies [45]) and provide information
on potential HIV prevention options such as pre-exposure
prophylaxis (PrEP) [14].

A main benefit of employing technology-based HIV test-
ing interventions in clinical settings is the greater opportu-
nity to link newly diagnosed individuals to care immedi-
ately. The one included study with a participant who tested
HIV-positive reported successfully linking the participant
to care [45]. Although the interventions included in this
review were all tested in the emergency department, such
interventions may be relevant or adaptable to other clinical
settings. There is a need for studies testing the efficacy of
technology-based HIV testing interventions in other health
care settings. Research indicates that integrating routine HIV
testing into family planning clinics that serve youth may
increase HIV testing rates [30]. HIV testing is also feasi-
ble in non-traditional clinical settings such as dental offices
[61]. These and other clinical settings represent avenues
to address missed opportunities for HIV testing. A recent
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study on missed opportunities for testing in clinical settings
found that participants at high-risk for HIV had visited sev-
eral healthcare settings in the previous 12 months including
visits to dentists, eye doctors, psychologists, substance use
treatment facilities and chiropractors among others [29].
Technology-based interventions have the potential to facili-
tate HIV testing in such settings to increase HIV diagnosis
and linkage to care among youth.

Limitations

The findings of this review should be viewed in light of a few
limitations. First, our search was limited to four databases
and did not include grey literature. Thus, there is a pos-
sibility that our search strategy might not have captured all
relevant interventions. Furthermore, since we only included
published studies, there is the possibility of reporting and
publishing bias, as studies of ineffective interventions are
less likely to be published. By limiting the current review
to only the most rigorously evaluated interventions (i.e.,
RCTs), we excluded several technology-based interventions
that have been developed to increase point-of-care HIV test-
ing. Such interventions may also provide useful insights to
guide the development and implementation of future point-
of-care HIV testing interventions.

Table 3 Initial PubMed search strategy (2008-2018)

Conclusions

The current review indicates that technology-based inter-
ventions may be effective in increasing HIV testing among
youth in point-of-care settings in the US. Such interventions
could also be used to educate patients who test negative on
ways to minimize their risk for HIV such as through the use
of PrEP. There is a need to test such interventions in other
clinical settings beyond the emergency department. With the
ongoing COVID-19 pandemic, technology-based interven-
tions may prove particularly important in clinical settings as
they allow providers to continue to address HIV risk among
patients while minimizing direct contact as dictated by cur-
rent social distancing protocols.
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Appendix

See Table 3.

1 ("Young Adult"[mesh] OR “Adolescent”[mesh] OR adolescent[tiab] OR adolescents[tiab] OR “young adult”[tiab] OR “young adults”[tiab]
OR teen[tw] OR teens[tiab] OR teenage[tiab] OR teenager[tiab] OR teenagers[tiab])

2 ("AIDS Serodiagnosis"[mesh] OR "HIV Antibodies/analysis"[mesh] OR "HIV Antigens/analysis"[mesh] OR “HIV Infections/
diagnosis”’[mesh] OR “HIV Seropositivity/diagnosis”’[mesh] OR "HIV Infections/prevention and control"[mesh] OR hiv test*[tiab])

3 (“HIV"[mesh] OR “HIV Infections”[mesh] OR "Acquired Immunodeficiency Syndrome"[mesh] OR hiv[tw])

(“Mass Screening”’[mesh] OR "Serologic Tests"[mesh] OR "Diagnosis"[mesh] OR "diagnosis" [Subheading] OR "prevention and control"
[Subheading] OR screening[tiab] OR test[tiab] OR tests[tiab] OR tested[tiab] OR testing[tiab])

5 #3and#4
6 #2or#5

7  ("Ambulatory Care Facilities"[mesh] OR "Emergency Medical Services"[mesh:noexp] OR "Emergency Services, Psychiatric"[mesh]
OR "Emergency Service, Hospital"[mesh] OR "Point-of-Care Systems"[mesh] OR "Ambulatory Care"[mesh] OR "Primary
Health Care"[mesh] OR emergency department*[tiab] OR “emergency care”[tiab] OR “urgent care”[tiab] OR “point of care”[tiab]
OR ““general practice”[tiab] OR “primary care”[tiab] OR outpatient[tiab] OR clinic[tiab] OR clinics[tiab] OR clinical[tiab] OR
"Hospitalization"[mesh] OR "Critical Care"[mesh] OR inpatient[tiab] OR "Community Health Services"[mesh] OR ambulatory[tiab] OR

community setting*[tiab])

8  (“Computer systems”’[mesh] OR “Educational Technology”’[mesh] OR “Text Messaging”[mesh] OR “Cell Phone”[mesh] OR
“software”[mesh:noexp] OR “telemedicine”[mesh] OR “online systems”[mesh:noexp] OR “reminder systems”[mesh] OR “informa-
tion systems”[mesh:noexp] OR “user-computer interface”[mesh] OR “mobile applications”[mesh] OR “video games”[mesh] OR
“videotape recording”’[mesh] OR “videodisc recording”’[mesh] OR “computer-assisted instruction”[mesh] OR technology[tiab] OR
technologies[tiab] OR computer*[tiab] OR smartphone*[tiab] OR ehealth[tiab] OR mhealth[tiab] OR telehealth[tiab] OR texting|[tiab]
OR text messag*[tiab] OR sms[tiab] OR cell phone*[tiab] OR mobile phone*[tiab] OR cellular phone*[tiab] OR mobile device*[tiab]
OR ipad*[tiab] OR tablet[tiab] OR tablets[tiab] OR “mobile app”[tiab] OR "mobile apps"[tiab] OR mobile application*[tiab]

OR “web based”[tiab] OR “network based”[tiab] OR audiovisual[tiab] OR multimedia[tiab] OR video[tiab] OR videos[tiab] OR

videorecord*[tiab])
9  ("2008/01/01"[PDAT]: "2018/12/31"[PDAT])
10 #1 and #6 and #7 and #8 and #9
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